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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


May  17th,  1916 — The  meeting  was  called  to  order  at  8.30  P.  m.; 
Vice-President  Alfred  Craven  in  the  chair;  Assistant  Secretary  T.  J. 
McMinn,  acting  as  Secretary;  and  present,  also,  113  members  and  19 
guest.s. 

The  Assistant  Secretary  announced  the  death,  on  May  16th,  1916, 
of  Elmer  Lawrence  Corthell,  President  of  the  Society.  Dr.  Corthell 
was  elected  a  Member,  September  2d,  1874,  served  as  Vice-President 
in  1889,  1893,  and  1894,  and  was  elected  President,  January  19th,  1916. 

The  following  telegram  was  read: 

"Washington  Branch  sends  deep  regrets  on  death  of  President 
Corthell.     His  valuable  works  and  writings  are  full  of  instruction  to 
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the  Profession,  and  his  broad  and  honorable  services  will  remain  an 
inspiration  to  younger  engineers  for  all  time. 

"Arthur  P.  Davis, 
"President,  Washington  Branch." 

The  following  motion,  offered  by  A.  C.  Humphreys,  M.  Am.  Soc. 
C.  E.,  was  unanimously  adopted : 

"As  a  mark  of  profound  respect  and  in  recognition  of  the  great 
loss  which  this  Society,  the  Engineering  Profession,  and  the  Country 
has  sustained  in  the  death  of  our  President,  Elmer  L.  Corthell,  it  is 
moved  that,  without  transacting  any  business,  we  do  now  adjourn  to 
a  date  to  be  set  by  the  officers." 

Adjourned. 

May  24th,  1916 — The  meeting  was  called  to  order  at  8.30  p.  M.; 
W.  A.  Cattell,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Assistant  Secretary 
T.  J.  McMinn,  acting  as  Secretary;  and  present,  also,  143  members 
and  18  guests. 

H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  addressed  the  meeting  on 
the  subject  "Engineering  Fallacies",  illustrating  his  remarks  with 
lantern  slides. 

The  Assistant  Secretary  read  the  following  letter: 

May  2nd,  1916. 
'•'American  Society  of  Civil  Engineers, 

"Mr.  Charles  Warren  Hunt,  Secretary, 
"220  West  57th  Street, 
"New  York  City. 
"Dear  Sir: 

"The  National  Guard  of  New  York  have  inaugurated  a  campaign 
to  obtain  3  000  recruits  during  the  month  of  May,  and  as  the  Com- 
manding Officer  of  the  only  organization  of  engineer  troops  in  the 
State,  I  ask  the  co-operation  and  assistance  of  the  American  Society 
of  Civil  Engineers  towards  increasing  the  number  of  technically  quali- 
fied men  in  this  command. 

"The  armory  is  at  168th  Street  and  Ft.  Washington  Avenue,  Man- 
hattan, where  information  can  be  obtained  on  Monday,  Thursday  and 
Friday  evenings. 

"I  would  thank  you  if  you  would  make  suitable  announcement  of 
this  at  your  next  meeting  and  post  same  on  your  bulletin  board. 
"Very  respectfully, 

"E.  W.  Van  C.  Lucas, 

"Lt.-Col.,  Commanding  Corps  of 
Engineers,  N.  G.  N.  Y." 

E.  F.  Robinson,  Assoc.  M.  Am.  Soc.  C.  E.,  addressed  the  meeting 
on  the  subject  of  recruiting  engineers  in  the  National  Guard. 
The  Assistant  Secretary  announced  the  following  deaths: 
Cloud   Clifford    Conkling,    of   Buffalo,    N.   Y.,   elected   Member, 
January  4th,  1905 ;  died  May  8th,  1916. 
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Frederic  Charles  Kunz,  of  Philadelphia,  Pa.,  elected  Associate 
Member,  February  6th,  1895;  Member,  December  7th,  1898;  died  May 
3d,  1916. 

Theodore  Hall  McKenzie,  of  Hartford,  Conn.,  elected  Member, 
September  7th,  1881 ;  died  May  3d,  1916. 

Henry  Eohwer,  of  St.  Louis,  Mo.,  elected  Member,  April  1st,  1903; 
died  May  4th  1916. 

Adjourned. 

June  7th,  191 6. —  The  meeting  was  called  to  order  at  S.30  p.  m.; 
T.  Kennard  Thomson,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  85  members  and  16  guests. 

The  minutes  of  the  meetings  of  April  19th  and  May  3d,  1916,  were 
approved  as  printed  in  Procredings  for  May,  1916. 

A  paper  by  Elliott  J.  Dent,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Preservation  of  Sandy  Beaches  in  the  Vicinity  of  New  York  City," 
was  presented  by  the  Secretary,  who  also  read  communications  on 
the  subject  from  Messrs.  L.  M.  Haupt,  Charles  H.  Higgins,  and  Allen 
Hoar. 

The  paper  was  discussed  by  Messrs.  John  C.  Trautwine,  Jr.,  A.  W. 
Buel,  and  F.  W.  Schwiers. 

A  paper  by  R.  C.  Carpenter,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Properties  of  Balsa  Wood  (0 chroma  Lagopus),"  was  presented  by 
the  author,  who  illustrated  his  remarks  with  lantern  slides  and  exhib- 
ited specimens  of  balsa  wood  and  articles  manufactured  from  it. 

The  paper  was  discussed  by  Messrs.  Leonard  M.  Cox,  A.  P.  Lundin, 
and  the  author. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  May  31st,  1916: 

As  Members 
Willia:\i  Edwin  Brown,  Brooklyn,  N.  Y. 
Aaron  Moulton  Burt,  St.  Paul,  Minn. 
Francis  Fair  Gillen,  Washington,  D.  C. 
William  Ignatius  Klein,  Kansas  City.  Mo. 
Harry  Charles  Lothholz,  Chicago,  HI. 
Robert  Spink  Reynolds,  New  Haven,  Conn. 
LiNDLEY  Marshall  Rice,  Seattle,  Wash. 
Walter  Adam  Shaw,  Chicago,  111. 
Simon  Weinberg  Tarr,  Duluth,  Minn. 

As  Associate  Members 
Orsino  Paul  Ai.lee,  Kansas  City,  Mo. 
Frank  Joseph  Blair.  Jr..  State  College,  Pa. 
Arthur  Frederick  Blaser,  Cleveland,  Ohio 
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John-  Boldt,  Cleveland,  Ohio 

Fred  Melvin  Brown,  Bozeman,  Mont. 

Harris  Daniel  Buckwalter,  Harrisburg,  Pa. 

William  Victor  Burnell,  Houston,  Tex. 

Edward  Sherman  Chase,  Albany,  N.  Y. 

James  Harlan  Cissel,  Ann  Arbor,  Mich. 

Robert  Allen  Conard,  Jacksonville,  Fla. 

Frederick  William   Cottrell,  Delta,  Utah 

Harold  Joseph  Crookes,  New  York  City 

Frank  Hill  Davis,  Tuscaloosa,  Ala. 

Wilbur  Earle  Ferguson,  Hastings-on-Hudson,  N.  Y. 

Alexander  Sylvester  Forster,  Toledo,  Ohio 

Walter  Linder  Foster,  Sandpoint,  Idaho 

Frederick  Herston  Frankland,  Lake  Charles,  La. 

Forrest  Faye  Frazier,  Manhattan,  Kans. 

George  Hagbart  Guerdrum,  Christiania,  Norway 

Frank  Demetrius  Hayden,  Seattle,  Wash. 

Robert  William  Heehlein,  Pittsburgh,  Pa. 

Frederick  Charles  Hingsburg,  New  Orleans,  La. 

Charles  Anthony  Hochenedel,  Fremont,  Ohio 

James  Humphry,  Jr.,  Springfield,  Mass. 

Harry  Griffith  Hunter,  Kansas  City,  Mo. 

George  Augustus  Jessop,  York,  Pa. 

Zed  Wilber  Kent,  Canton,  Ohio 

Mark  Champion  Krause,  Williamsport,  Pa. 

Herbert  Lawrence  Luther,  Leavenworth,  Kans. 

Henry  Manley.  Jr..  Elmhurst,  N.  Y. 

Roy  Everett  Miller,  Seattle,  Wash. 

William  Franklin  Miller,  Philadelphia,  Pa. 

Charles  Elias  Mollard,  Chicago,  111. 

Robert  Henry  Moth,  Cambridge,  Ohio 

Robert  Rudolph  Panzer,  Cincinnati,  Ohio 

Louis  Ray  Parmelee,  Helena,  Ark. 

Harold  Frank  Parsons,  Huntington,  N.  Y. 

Wallace  Emery  Parsons,  Portland,  Me. 

Archibald  Frederick   Partridge,   Mildura,  Victoria,   Australia 

Laurence  Patterson,  Yonkers,  N.  Y. 

Arthur  Leonard  Pauls,  Boise,  Idaho 

Hector  Somerville  Philips,  Toronto,  Ont.,  Canada 

Astley  Bloxam  Purton,  Salt  Lake  City,  Utah 

Harrison  George  Roby,  Alpena,  Mich. 

Charles  Freeman  Rohde,  Brooklyn,  N.  Y. 

WiLKiE  Claiboune  Rohr,  Charlotte,  N.  C. 

Herbert  Milton  Rouse,  Calexico,  Cal. 
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Leoi'dli)  Mauuice  Sandstein,  Now  York  City 

AuTHiR  Charles  Sandstrom,  Kedwood  City,  Cal. 

llov  Hopkins  Shoemaker,  Manila,  Philippine  Islands 

Schuyler  Morton  Smith,  St.  Louis,  Mo. 

Arthur  Emerson  Sortore,  Pittsburgh,  Pa. 

Burr  Manlow  Stark,  Montclair,  N.  J. 

William  Stuart  Tait,  Lemont,  111. 

Samuel  Locke  Thomsen,  Toledo,  Ohio 

John  Edward  Stirling  Thorpe,  Whitney,  N.  C. 

Starr  Truscott,  Cristobal,  Canal  Zone,  Panama 

Warren  William  Upson,  Hartford,  Conn. 

Andrew  Yogel,  Boston,  Mass. 

Frank  Alanson  Walton,  Lansing,  Mich. 

Ernest  Judson  Waugh,  Benton,  Cal. 

Max  Wertheimer,  Cleveland,  Ohio 

Walter  Austin  Wheeler,  Kansas  City,  Mo. 

Frank  Wallace  Whitlow,  Milwaukee,  Wis. 

Albert  Louis  Wilcox,  San  Francisco,  Cal. 

As  Associate 
Elmer  Earl  Moots,  Tucson,  Ariz. 

As  Juniors 
Eay  William  Berdeau,  Paraiso,  Canal  Zone,  Panama 
Jay  Cassius  Canney,  Seattle,  Wash. 
William  Edward  Fitzgerald,  New  Brunswick,  N.  J. 
Frederick  Henry  Gross,  White  Plains,  N.  Y. 
Dahyabhai  Balabhai  Kora,  Gondal,  India 
Louis  J.  Larson,  Champaign,  111. 
Raymond  Matthew,  State  College,  N.  Mex. 
Henry  Conrad  Neff,  Adams,  Mass. 
John  Robert  O'Donnell,  Brooklyn,  N.  Y. 
William  Sing-Chong  Pung,  Cushing,  Okla. 
IsADORE  Mendelsohn  Sommer,  San  Francisco,  Cal. 
Frank  James  Soutar,  Siotix  City,  Iowa 
William  Edward  Stanley,  West  Lafayette,  Ind. 
Isaac  Yost  Stauffer,  Batavia,  Java 
Clement  F.  Waite,  Underwood,  Wash. 
Louis  Shemald  Youngling,  New  York  City 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  May  31st,  1916 : 

From  Associate  Member  to  Member 
Philip  Lee  Bush,  San  Francisco,  Cal. 
Clyde  Greyson  Conley,  Mt.  Vernon,  Ohio 
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Donald  Derickson,  New  Orleans,  La. 
Theodore  Green,  Buffalo,  N.  Y. 
Walter  Gladden  Hunter,  Stockton,  Cal. 
Henry  Burger  Sauerman,  Chicago,  111. 

From  Junior  to  Associate  Member 
Thomas  Abbott  Baldwin,  Memphis,  Tenn. 
Clarence  Myers  Bates,  San  Francisco,  Cal. 
Wallace  Laird  Cadwallader,  New  York  City 
William  Greenfield  Corlett,  Oakland,  Cal. 
Orville  Lamont  Eltinge,  Kansas  City,  Mo. 
Lloyd  Harrison  Faidley,  St.  Louis,  Mo. 
Russell  Platt  Hastings,  Whittier,  Cal. 
Leon  Cohen  Heilbronner,  Utica,  N.  Y. 
KiKUMATSU  HiRAi,  New  York  City 
Leon  David  Howland,  LaGrande,  Ore. 
Irving  Van  Arnam  Huie,  New  York  City 
Albert  Carl  Kaestner,  New  York  City 
Hugh  Ambrose  Kelly,  Jersey  City,  N.  J. 
Lloyd  McEntire,  Trenton,  N.  J. 
Harold  Edmund  Miller,  Providence,  R.  I. 
Charles  Siesel  Rindsfoos,  New  York  City 
Burke  Brockway  Roberts,  Cleveland,  Ohio 
John  Henry  Spengler,  Richmond,  Ya. 
Ralph  Benjamin  Wiley,  West  Lafayette,  Ind. 

The  Secretary  announced  the  following  deaths: 

Amory  Coffin,  of  Phoenixville,  Pa.,  elected  Member,  March  3d, 
1875;  died  June  5th,  1916. 

David  West  Cunningham,  of  Montrose,  Cal.,  elected  Member,  May 
7th,  1873;  died  May  10th,  1916. 

Henry  Floy,  of  New  York  City,  elected  Member,  June  6th,  1911; 
died  May  5th,  1916. 

James  Vincent  Rockwell,  of  Pensacola,  Fla.,  elected  Junior,  April 
3d,  1900;  Associate  Member,  February  4th,  1903;  Member,  November 
5th,  1907;  died  May  24th,  1916. 

Charles  Sooysmith,  of  New  York  City,  elected  Member,  May 
5th,  1886 :  died  June  1st,  1916. 

James  Jerome  Hill,  of  St.  Paul,  Minn.,  elected  Fellow,  January 
10th,  1889;  died  May  29th,  1916. 

Adjourned. 
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FORTY-EIGHTH  ANNUAL  CONVENTION, 
HELD  IN  PITTSBURGH,  PA.,  JUNE  ajth-aoth,  1916 


FIRST    SESSION* 

Tuesday,  June  27th,  iqi6.— The  meeting  was  called  to  order  in  the 
William  Penn  Hotel  at  10  a.  m.  ;  George  S.  Davison,  M.  Am.  Soc. 
C.  E.,  Chairman  of  the  Local  Committee  of  Arrangements,  presiding; 
Chas.  Warren  Hunt,  Secretary;  and  present,  also,  about  350  members 
and  guests. 

Mr.  Davison  introduced  the  Hon.  H.  M.  Irons  and  the  Hon.  John 
A.  Brashear,  who  addressed  the  meeting  and  welcomed  the  members 
to  the  City  of  Pittsburgh.  Samuel  M.  Gray,  M.  Am.  Soc.  C.  E.,  and 
Clemens  Herschel,  President,  Am.  Soc.  C.  E.,  also  addressed  the 
meeting. 

The  President  delivered  the  Annual   Address.f 

Adjourned. 

SECOND  SESSION— BUSINESS  MEETING  t 

Tuesday,  June  27th,  1916. — The  meeting  was  called  to  order  at 
2  p.  M.;  President  Clemens  Herschel  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  about  100  members. 

The  Secretary  presented  a  report  on  the  suggestions  of  members 
as  to  the  time  and  place  for  holding  the  Annual  Convention  of  1917. § 

On  motion,  duly  seconded,  the  matter  of  the  selection  of  the  time 
and  place  for  holding  the  next  Annual  Convention  was  referred  to 
the  Board  of  Direction,  with  power. 

The  Secretary  stated  that  the  only  report  expected  from  any 
of  the  Special  Committees  was  that  from  the  Special  Committee  on 
Concrete  and  Reinforced  Concrete,  but  that  none  had  been  received. 

It  was  moved  and  seconded  that  the  Special  Committee  on  Concrete 
and  Reinforced  Concrete  be  discharged.  After  discussion  it  was 
moved  in  amendment  that  the  matter  be  laid  on  the  table.  The 
amendment,  being  duly  seconded,  was  carried. 

The  following  resolution,  offered  by  John  A.  Ockerson,  Past-Presi- 
dent, Am.  Soc.  C.  E.,  was  adopted  unanimously: 

"We  greatly  appreciate  the  cordial  welcome  extended  to  us  by  the 
City  of  Pittsburgh  through  its  official  representatives;  and  while 
the  interval  between  our  visits  has  been  a  long  one,  we  have  watched 
with  interest  and  pride  the  rapid  development  of  one  of  the  great 
industrial  centers  of  the  world. 

"We  congratulate  the  city  particularly  on  its  galaxy  of  great 
captains  of  industry,  who  have  contributed  so  much  to  the  develop- 

•  For  the  Report  in  full  of  this  meeting,  see  page  418. 

t  See  page  835  of  Papers  and  Discussions. 

t  For  the  Report  in  full  of  the  Business  Meeting,  see  page  4.31. 

§  See  page  431. 
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inent  and  progress  of  our  whole  country,  and  we  look  for  even  greater 
achievements  in  the  future. 

"To  the  local  members  of  our  Society,  and  their  associates,  one 
and  all,  we  extend  our  hearty  thanks  for  the  generous  provisions 
made  for  our  entertainment  and  instruction  during-  the  Forty-eighth 
Annual  Convention. 

''We  trust  that  we  may  again  have  the  privilege  and  pleasure  of 
enjoying  the  hospitality  of  this  progressive  city." 

The  following  resolution,  offered  by  George  F.  Swain,  Past-Presi- 
dent, Am.  Soc.  C.  E.,  on  behalf  of  a  Committee  of  the  Board  of 
Direction  composed  of  Past-President  Ockerson,  Past-President 
McDonald,   and  himself,   was   adopted   unanimously : 

"Whereas :  It  has  pleased  the  Almighty,  in  His  Infinite  Wisdom, 
to  remove  from  the  scene  of  his  earthly  labors,  Elmer  Lawrence 
Corthell,  President  of  the  American  Society  of  Civil  Engineers;  be  it 

"Resolved:  That  the  members  of  the  Society,  in  Annual  Conven- 
tion assembled,  express  their  grief  at  the  loss  of  so  distinguished  an 
Engineer  and  so  lovable  a  Man,  and  their  admiration  for  his  many 
noble  qualities  of  heart  and  mind.  They  are  thankful  that  he  was 
granted  a  life  so  long,  so  fruitful  for  the  Profession  and  for  Man- 
kind; with  pride  and  pleasant  memories  they  testify  to  his  eminence 
as  an  engineer,  his  enthusiasm  for  the  best  interests  of  the  Pro- 
fession, his  sterling  character  as  a  man,  his  unswerving  loyalty  as 
a  friend.  With  saddened  hearts  they  deplore  his  loss,  and  extend 
their  deepest  sympathy  to  the  family  so  heavily  bereaved.  With  trust 
and  faith  they  resign  themselves  to  the  will  of  Him  who  doeth  all 
things  for  the  best.  , 

"Resolved:  That  these  resolutions  be  transmitted  to  his  family, 
and  that  a  copy  thereof  be  spread  upon  the  records  of  the  Society." 

William  N.  Brown,  M.  Am.  Soc.  C.  E.,  called  attention  to  the 
matter  of  Government  competition  in  engineering  along  certain  lines, 
thus  depriving  engineers  of  employment. 

The  Secretary  stated  that,  in  reference  to  at  least  one  of  the 
Government  departments,  the  matter  had  been  referred  to  the  Presi- 
dent of  the  Society,  but  that  nothing  definite  had  been . established  as 
yet. 

No  action  was  taken. 

The  Secretary  reiwrted  the  result  of  the  ballots  on  the  proposed 
movement  of  the  Society  Headquarters  from  57th  Street  to  39th 
Street,  New  York  City.* 

The  Secretary  announced  the  election,  by  the  Board  of  Direction 
on  June  23d  and  24th,  1916,  of  10  Members,  29  Associate  Members, 
and  13  Juniors,  and  the  transfer  of  9  Juniors  to  the  grade  of  Asso- 
ciate Member,  and  18  Associate  Members  to  the  grade  of  Member.f 


*  See  page  458. 
t  See  page  411. 
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The  Secretary  read  a  l(»tter  from  Preston  S.  Millar,  Chairman 
of  the  Administrative  Connnitteo  of  the  lUuminatinj?  Enfjjineering 
Lecture  Course,  announcing  a  series  of  lectures  on  illuminatinc:  engi- 
neering to  take  place  in  Philadelphia,  Pa.,  on  Septemher  21st  to  2Sth, 
1916. 

The    Secretary   announced   the   following   death : 

Charles  Hopkins  Cartltdge,  of  Chicago,  111.,  elected  Member, 
:May  4th,  1904 ;  died  June  14th,  1916. 

George  S.  Davison,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Local 
Committee  of  Arrangements,  made  some  additional  announcements 
relating  to  the  excursions  and  entertainments. 

On  motion,  duly  seconded,  the  Board  of  Direction  was  requested 
to  frame  suitable  resolutions  of  thanks  for  the  courtesies  tendered  by 
the  City  of  Pittsburgh  and  the  local  members  of  the  Society. 

Onward  Bates,  Past-President,  Am.  Soc.  C.  E.,  explained  the 
status  of  the  work  connected  with  the  projwsed  memorial  to  the  late 
Alfred  :N"oble,  Past-President,  Am.   Soc.  C.  E. 

Adjourned. 

ELECTIONS  AND   TRANSFERS   BY  THE    BOARD   OF    DIRECTION, 
JUNE  23d-24th,  1916 

Elected  as  Members 
James  Edward  Carroll,  St.  Paul.  Minn. 
Francis  Lee  Castleman,  Pencoyd,  Pa. 
Nathan  Randall  Ellis,  San  Francisco,  Cal. 
Eugene  Hamilton  Heald,  Chicago,  111. 
Elmer  Kirkpatrick  Hiles,  Pittsburgh,  Pa. 
Edward  Joseph  Xoonan,  Chicago,  111. 
Augustus  Lyon  Phillips,  Philadelphia,  Pa. 
William  Herbert  Vance,  Stamps,  Ark. 
Thomas  Robert  John  Ward,  Lahore,  Punjab.   India 
Victor  Windett,  Chicago,  111. 

Elected  as  Associate  Members  ' 
John  Robert  Baylis,  Jackson,  Miss. 
John  Henry   Chandler,  Bartlesville,   Okla. 
Luther  Thomas  Fawcett,  Toungstown,  Ohio 
Stanley  How^ard  Frame,  Calgary,  Alberta,  Canada 
Frank  Raymond  Goodman,  Prescott,  Ariz. 
John  Guinotte,  vSeattle,  Wash. 
James  Hendricks  Hallett,  Jacksonville,  Fla.^ 
Charles  Arthur  Haskins,  Lawrence,  Kans. 
Freeman  Reginald  Heavett,  Ritzville,  Wash. 
Charles  Milton  Hiesiger,  New  York  City 
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Charles  Kaapke  Horton,  Houston,  Tex. 
Murray  Lee  Hutton,  Burlington,  Iowa 
Alberto  Angel  Ibarguen  y  Pi,  Pinar  del  Rio,  Cuba 
Jose  Maria  Ibarra  Cerezo,  Caracas,  Venezuela 
Frederick   Tyler   Lawton,   Brooklyn,    N.   Y. 
Alonzo  Church  Lee,  Florence,  Ala. 
John  Kilby  McGrath,  Baltimore,  Md. 
Frederick  Meister,  Hoboken,  N.  J. 
Benjamin  Franklin  Miller,  Jr.,  Meadville,  Pa. 
.  Harold  Brown  Miller,  Pittsburgh,  Pa. 
Carl  Hilder  Nordell,  Milwaukee,  Wis. 
Clarence  Willard  Post,  Albany,  N.  Y. 
Carl  Roy  Rankin,  Groveland,  Cal. 
Julius  Jennis  Sokenson,  Cuyamel,  Honduras 
James  Arthur  Sourwine,  San  Bernardino,  Cal. 
Henry  Daniels  Stowe,  Philadelphia,  Pa. 
Francisco  Teixeira  da  Silva  Telles,  Santos,  Brazil 
John  Jay  Vandemoer,  Loma,  Colo. 
Otto  Wolpert,  New  York  City 

Elected  as  Juniors 

Guy  Atkinson,  New  York  City 

Roy  Prentice  Bishop,  Brooklyn,  Iowa 

Arthur  Gray  Butler,  Louisville,  Ky. 

Harry  Foster  Ferguson,  Urbana,  111. 

John  Lyle  Greacen,  Brooklyn,  N.  Y. 

John  Milton  Heffelfinger,  Jr.,  Columbus,  Ohio 

Paul  Loveridge  Heslop,  Memphis,  Tenn. 

William  Moragne  Husson,  Jacksonville,  Fla. 

Harry  Edward  Jones,  Allentown,  Pa. 

Joseph  Louis  Loida,  St.  Louis,  Mo. 

HendRix  Gilbert  Lytle,  Louisville,  Ky. 

Allen  Pierce  Richmond,  Central  Aguirre,  Porto  Rico 

Arthur  Peter  von  Deesten,  Brooklyn,  N.  Y. 

Transferred  from   Associate  Member  to  Member 
Walter  Henry  Allen,  Chicago,  111. 
Robert  Edmund  Andrews,  Bay  City,  Mich. 
George  Safford  Beal,  Harrisburg,  Pa. 
James  Wartelle  Billingsley,  New  Orleans,  La. 
Paul  Darwin  Cook,  Sioux  City,  Iowa 
Harry  James  Cowie,  Niagara  Falls,  N,  Y. 
Malcolm  Elliott,  Louisville,  Ky. 
Walter  Lewis  Fitzgerald,  Philadelphia,  Pa. 
Daniel  Wingerd  Gross,  Wilmington,  N.  C. 
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Joseph  Frederick  Jackson,  New  Haven,  Conn. 

Frank  Perry  Lakmon,  Utica,  N.  Y. 

Stanley  Alfred  Miller,  Paducah,  Ky. 

Cyrus   Edward   Minor,    Chicago,   111. 

John  Lynch  O'Hearn,  Oklahoma  City,  Okla. 

Horace  Patton  Ramey,  Chicago,  111. 

Dana  Watkins  Robbins,  Utica,  N.  Y. 

Ned  Hensel  Sayford,  Memphis,  Tenn. 

George  Austin  Sherron,  Norwalk,  Conn. 

Transferred  from  Junior  to  Associate  Member 
James  Buckley  Black,  St.  Louis,  Mo. 
Howard  Franklin  Bronson,  Harrisburg,  Pa. 
Frank  Earle  Dodge,  Hudson,  N.  Y. 
Edward  Murray  Frost,  Worcester,  Mass. 
Laurance   Hastings   Hart,   Buffalo,   N.   Y. 
Solon  Herzig,  New  York  City 
Arthur  Anthony  McLaren,  Cedars,  Que.,  Canada 
Herbert  Malcolm  Pirnie,  Springfield,  Mass. 
Glenn  Barton  Woodruff,  South  Bethlehem,  Pa. 
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OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

June  23d,  1916. — The  Board  met  at  10  a.  m.,  at  the  William  Penn 
Hotel,  Pittsburgh,  Pa.,  at  the  time  of  the  Annual  Convention,  as  re- 
quired by  the  Constitution;  President  Herschel  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Bontecou,  Bush, 
Cooley,  Crocker,  Davies,  Duryea,  Endicott,  Fuller,  Haskell,  Hawley, 
Jonah,  Keefer,  Khuen,  McDonald,  Marx,  Montfort,  Ockerson,  Ricketts, 
Swain,  and  Tuttle. 

The  death  of  Elmer  Lawrence  Corthell,  President,  on  May  16th, 
1916,  was  reported,  and  it  was  recorded  that  Clemens  Herschel,  the 
senior  Vice-President,  became  President  to  fill  the  unexpired  term, 
and  Director  Richard  Montfort,  the  senior  Director,  became  Vice- 
President  to  fill  the  unexpired  term  of  Mr.  Herschel. 

Isham  Randolph,  M.  Am.  Soc.  C.  E.,  was  unanimously  chosen  a 
Director  to  fill  the  unexpired  term  of  Richard  Montfort. 

^Resolutions  for  presentation  to  the  Business  Meeting  of  the  An- 
nual Convention,  and  to  be  engrossed  and  forwarded  to  Mrs.  Corthell, 
were  authorized. 

The  following  resolution  was  adopted: 

"Resolved:  That  it  is  the  sense  of  this  Board  that  any  officer 
succeeding  to  the  unexpired  term  of  any  office  occupies  the  same  posi- 
tion as  if  elected  by  the  Society  to  that  ofiice." 

Mr.  Davies,  Chairman  of  the  Committee  on  Special  Committees, 
presented  the  following  Report,  which  was  received  and  placed  on  file: 

"  Report  of  Committee  on  Special   Committees 

"New  York,  May  15th,  1916. 
"Board  of  Direction, 

"American  Society  of  Civil  Engineers, 
"220  West  57th  Street,  City. 

"Dear  Sirs:  In  a  report  of  the  undersigned,  your  Committee  on 
Special  Committees,  dated  March  13th,  1916,  presented  to  the  Board 
of  Direction  on  April  18th,  1916,  there  was  contained  a  recommenda- 
tion, in  relation  to  the  Committee  on  A  National  Water  Law,  that  this 
Committee  should  be  re-organized. 

"Discussion  of  this  subject  referred  the  question  of  further  investi- 
gation back  to  this  Committee,  and  we  now  beg  to  report  that-  we  have 
made  further  investigation  as  to  the  work  of  this  Committee,  and 
recommend  as  follows : 

"We  requested  Professor  E.  H.  Newell,  Chairman  of  this  Special 
Committee,  to  advise  us  whether  he  felt  that  any  work  of  permanent 
advantage  could  be  accomplished  by  his  Special  Committee  on  Na- 
tional Water  Laws,  and  in  reply  thereto  Professor  Newell  states  that 

•  See  page  445. 
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'in  his  opinion  results  of  large  and  permanent  value  will  flow  from 
the  work  of  this  Special  Connnittee  and  that  it  is  highly  desirable  that 
it  be  continued  with  perhaps  fewer  members'.  Professor  Newell  goes 
into  considerable  detail  in  respect  to  the  advantages  of  the  work  of 
this  Special  Connnittee. 

"In  the  meanwhile  this  Committee  took  the  liberty  of  communi- 
cating with  the  American  Bar  Association,  and  requested  the  Ameri- 
can Bar  Association  to  advise  whether  they  considered  that  the  Special 
Committee  of  the  American  Society  of  Civil  Engineers  was  likely  to  be 
able  to  accomplish  results  which  we  had  been  given  to  understand  the 
American  Bar  Association  had  failed  in  attaining,  in  connection  with 
the  study  of  A  National  Water  Law.  The  American  Bar  Association 
referred  this  matter  to  Mr.  Eome  G.  Brown,  of  Minneapolis,  from  whom 
we  have  received  a  valuable  and  instructive  commvmication,  the  sub- 
stance of  which  is  summed  up  in  the  following: 

"  'For  this  reason  it  would  seem  to  me  that  the  Special  Committee 
of  your  Society  on  this  subject  should  not  be  terminated,  but 
that  your  Society  should  appreciate  the  situation  and  should  make 
further  efforts  in  this  matter.  It  should,  it  seems  to  me,  see  to  it  that 
its  Special  Committee  on  this  subject  is  composed  of  men  who  are 
active,  interested  and  informed,  and  that  such  Committee  should  co- 
operate in  the  work  in  Washington  in  promotion  of  these  remedial 
statutes.' 

"  'It  would  seem  to  me  that  your  Society  could  do  most  effective 
work  by  retaining  this  Special  Committee  and  arranging  for  a  more 
active  co-operation  in  the  work  that  is  already  being  done.' 

*'Mr.  Brown  has  also  referred  us  to  another  member  of  the  American 
Bar  Association,  who  has  made  a  particular  study  of  this  work  and 
can  give  us  further  information.  We  find,  however,  that  this  gentle- 
man is  in  the  far  West  and  is  not  likely  to  return  East  for  some  little 
time;  but.  in  our  opinion,  such  additional  information  as  we  can  ob- 
tain will  only  strengthen  us  in  our  recommendation,  that  the  Special 
Committee  of  the  Society  on  A  National  Water  Law  should  immedi- 
ately be  re-organized;  that  the  entire  present  Committee  as  now  consti- 
tuted should  be  retired  and  that  a  new  Committee  be  appointed  con- 
sisting of  Prof.  E.  H.  Newell,  as  Chairman,  with  Mr.  W.  C.  Hoad  and 
Mr.  John  H.  Lewis,  as  the  other  members  thereof. 

"This  personnel  is  in  accordance  \vith  the  request  of  Professor 
Newell.  We  then  recommend  that  the  Board  should  give  the  fullest 
support  to  Prof.  Newell,  with  this  reconstituted  Committee,  to  give  the 
Committee  every  opportunity  to  prove  its  value  and  usefulness. 

"We  further  recommend  that  as  we  cannot  find  any  value  whatso- 
ever to  the  Society  by  the  co-operation  of  the  Special  Committee  on 
Floods  and  Flood  Prevention  with  the  Special  Committee  on  A 
National  Water  Law,  that  the  Special  Committee  on  Floods  and  Flood 
Prevention  should  be  terminated,  in  accordance  with  the  request  at 
the  last  Annual  Meeting  by  the  Chairman.  Col.  Townsend,  as  we  fail 
to  find  any  benefit  or  advantage  in  the  co-operation  of  these  two  com- 
mittees, and  Col.  Townsend's  Committee  has  already  tendered  its  final 
report. 
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"We  beg  to  submit  this  with  the  request  that  the  Executive  Com- 
mittee of  the  Board  should  act  on  this  in  advance  of  the  next  regular 
meeting  of  the  Board  of  Direction. 

"Respectfully  submitted, 

"J.   ViPOND   Davies,    Chairman, 
"Virgil  G.  Bogue, 
"Lincoln  Bush." 

The  following  resolutions  were  adopted: 

"Resolved:  That  the  Special  Committee  on  A  National  Water  Law 
be  re-organized  to  consist  of  E.  H.  Newell,  Chairman,  W.  C.  Hoad, 
and  John  H.  Lewis." 

"Resolved:  That  the  life  of  the  Special  Committee  on  Floods 
and  Elood  Prevention  be  terminated  in  accordance  with  the  request  of 
that  Committee  made  through  its  Chairman,  Col.  Townsend,  to  the 
Annual  Meeting  in  January,  1916." 

The  Secretary  reported  that  through  Director  J.  V.  Davies  $2  500 
had  been  received  from  the  Bethlehem  Steel  Company  to  be  applied  to 
the  work  of  the  Special  Committees  on  Stresses  in  Railroad  Track, 
and  on  Steel  Columns  and  Struts. 

*The  Secretary  presented  the  Report  of  the  Tellers  on  the  Canvass 
of  Ballots  on  Proposed  Movement  of  Society  Headquarters,  dated  June 
15th,  1916. 

Resolutions  were  adopted  for  the  carrying  out  of  the  expressed 
will  of  the  membership  of  the  Society  in  this  matter.f 

The  Secretary  reported  that  Messrs.  George  E.  Swain  and  Stacy  B. 
Opdyke,  Jr.,  had  been  appointed  as  representatives  of  this  Society  on 
a  Joint  Committee  of  the  four  National  Engineering  Societies  to  pre- 
pare a  report  upon  the  advisability  of  the  adoption  of  the  Metric 
System  as  the  practical  standard  in  Engineering. 

The  following  resolution  was  adopted: 

"Resolved:  That  it  is  the  sense  of  this  Board  that  the  President 
is  a  member  of  all  Committees  of  the  Society  except  the  Nominating 
Committee." 

The  Secretary  was  instructed  to  call  the  attention  of  all  Special 
Committees  to  this  action. 

A  final  appropriation  of  $3  240  to  pay  this  Society's  share  of  the 
expense  of  the  International  Engineering  Congress  was  made.:}: 

H.  R.  Safford,  M.  Am.  Soc.  G.  E.,  was  appointed  to  take  the  place 
of  William  McNab,  M.  Am.  Soc.  C.  E.,  on  the  Joint  Committee  on 
Stresses  in  Railroad  Track,  Mr.  McNab  having  resigned  as  a  member 
of  the  Committee. 

*  See  page  458. 

t  See  page  459. 

t  The  original  amount  underwritten  by  this  Society  as  its  share  of  these 
expenses  was  $9  000  ;  86%  of  this,  or  $7  740,  has  been  called  for,  and  has  been 
paid. 
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The  Constitution  oi"  the  District  of  Columbia  Association  of 
Members  recently  formed  was  approved. 

The  Constitution  of  the  Illinois  Association  of  Members  recently 
form  was  approved. 

The  Constitution  of  the  Utah  Association  of  Members  recently 
formed  was  approved. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
10  Members,  29  Associate  Members,  13  Juniors,  and  the  transfer  of  9 
Juniors  to  the  grade  of  Associate  Member. 

Eighteen  Associate  Members  were  transferred  to  the  grade  of 
Member. 

Applications  were  considered  and  other  routine  business  transacted. 

The  resignations  of  1'  Associate  Member  and  2  Juniors  were 
accepted. 

Adjourned. 

June  24th,  1916. — The  Board  reconvened  at  the  William  Penn 
Hotel,  Pittsburgh,  Pa. ;  President  Herschel  in  the  chair ;  Chas.  Warren 
Hunt,  Secretary ;  and  present,  also,  Messrs.  Bontecou, '  Bush,  Cooley, 
Crocker,  Davies,  Duryea,  Endicott,  Fuller,  Haskell,  Hawley,  Jonah, 
Keefer,  Khuen,  McDonald,  Marx,  Montfort,  Ockerson,  Swain,  and 
Tuttle. 

A  Report  from  the  Membership  Committee  was  received  and  acted 
upon. 

Applications  were  considered  and  other  routine  business  transacted. 

Adjourned. 
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FORTY-EIQHTH  ANNUAL  CONVENTION, 
HELD  IN  PITTSBURGH,    PA.,  JUNE  37th-3oth,   1916 


FIRST  SESSION 


Tuesday,  June  27th,  1916. — The  first  session  of  the  Convention 
was  opened  in  the  Ball  Room  of  the  William  Penn  Hotel  at  10  a.  m.; 
George  S.  Davison,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Local  Com- 
mittee of  Arrangements  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary ;  and  present,  also,  about  350  members  and  guests. 

The  Chairman. — The  Forty-eighth  Annual  Convention  of  the 
American  Society  of  Civil  Engineers  wall  now  come  to  order. 

Members  of  the  American  Society  of  Civil  Engineers:  It  is  forty- 
one  years  since  last  you  were  here.  Eorty-one  years  is  a  short  time  as 
the  world  goes,  but  this  particular  space  of  time,  when  measured  by  the 
achievements  of  the  scientist  and  the  engineer,  marks  a  distinctive  age 
of  the  world. 

Those  of  you  who  were  present  on  the  other  occasion,  journeyed 
hither  in  wooden  railway  coaches;  to-day  you  traveled  in  an  all-steel 
train,  a  very  recent  addition  to  life  protective  measures;  then  you 
rode  from  the  railway  station  to  your  hotel  behind  a  single  or  a  pair 
of  old  dobbins,  to-day  in  a  gasoline  car,  an  invention  of  but  fifteen 
years  ago ;  then  you  did  not  convene  on  the  seventeenth  floor  of  the 
hotel,  the  tallest  building  in  this  city  at  that  time  being  but  six  stories 
high,  and  that  wonderful  development  of  the  engineer,  the  steel  skeleton 
skyscraper  being  fully  ten  years  in  the  future;  then  the  human  voice 
could  not  carry  through  walls  and  illimitable  space,  Graham  Bell  not 
having  at  that  time  made  his  telephone  practicable;  then  the  voice 
could  not  be  preserved  and  reproduced,  Edison  having  not  yet  made 
the  phonograph  a  reality;  then  the  most  approved  method  of  illumina- 
tion was  the  light  from  a  gas  flame,  it  being  three  years  later  that 
incandescent  electric  lighting  became  a  fact;  then  the  science  of 
aeronautics  was  confined  to  "going  up  in  a  balloon",  it  requiring 
twenty  years  thereafter  for  an  honored  member  of  this  Society,  Octave 
Chanute,  first  to  establish  the  possibility  of  automatic  equilibrium 
for  air  ships,  thus  creating  a  new  word  in  the  English  language,  to  wit : 
aviation;  then  the  dirigible  torpedo  had  not  been  invented,  that  almost 
human  thing  which,  coupled  with  the  recently  perfected  submersible 
boat,  is  now  the  terror  of  the  seas. 

What  changes  has  this  period  wrought  upon  our  Society?  Speak- 
ing briefly,  it  has  been  a  time  of  strenuous  growth  and  continued 
prosperity  for  the  American  Society  of  Civil  Engineers.  Then  it  had 
a  total  membership  of  not  more  than  400,  now  there  are  in  its  various 
grades  about  8  000.     Then   it  occupied  rented  quarters  on  East  20th 
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Street,  New  York  City,  with  assets  of  not  more  than  $10  000.  for 
nearly  nineteen  years  it  has  occupied  its  own  property  on  West  57th 
Street  and  i^  reputed  to  be  worth  about  $550  000.  It  has  just  voted 
by  an  overwhehniiig  majority  to  dispose  of  its  home,  and  become  a 
joint  occupant  with  other  great  Technical  Societies,  of  a  building 
which  shall  be  a  National  Engineers  Headquarters. 

It  may  be  interesting  information,  that,  of  the  membership  in 
1875,  there  are  but  forty-seven  now  living,  and  of  these  but  nineteen 
attended  the  Seventh  Annual  Convention,  which,  by  the  way,  was 
among  the  first  to  be  held  away  from  New  York  City.  Your  Local 
Committee  of  Arrangements  sent  special  invitations  to  these  nineteen 
survivors  for  this  Convention.  Some  have  answered  in  person.  The 
others  have  sent  their  regrets.  As  an  example  to  us  younger  members, 
of  the  loyalty  we  should  ever  show  to  our  Society,  it  is  fitting  we 
should  hear  them. 

The  speaker  then  read  letters  from:  W.  H.  Wiley,  New  York  City; 
Theodore  Cooper,  New  Y'ork  City;  C.  S.  Maurice,  Athens,  Pa.; 
Marshall  Morris,  Waukesha,  Wis.;  V.  B.  Howard,  Grosse  lie,  Mich.; 
W^illiam  Rotch,  Boston,  Mass.;  Franklin  C.  Prindle,  Washington, 
D.  C. ;  W.  D.  Pickett,  Louisville,  Ky. ;  Joseph  P.  Davis,  Yonkers,  N.  Y^. ; 
J.  W.  Hill,  Cincinnati,  Ohio ;  Charles  Macdonald,  Trenton,  N.  J. ;  J.  P. 
Flagg,  Santa  Barbara,  Cal.;  W.  H.  Burr,  New  York  City;  and  Eobert 
Fletcher,  Hanover,  N.  H. 

This  city  is  proud  of  the  fact  that  it  has  furnished  four  presidents 
to  this  great  Society:  William  Milnor  Roberts,  Max  Joseph  Becker, 
William  Powell  Shinn,  and  William  Metcalf. 

Of  the  present  large  membership,  of  which  I  spoke  to  you  a  few 
moments  ago,  2i%,  or  practically  200  members,  are  residents  of  this 
city.  In  order  to  assure  you  that  the  citizenry  of  Pittsburgh  is 
pleased  to  have  you  with  us,  I  shall  ask  Mr.  H.  M.  Irons,  of  the  Legal 
Department  of  the  City  of  Pittsburgh,  who  is  here  representing  his 
Honor,  Mayor  Joseph  G.  Armstrong,  to  address  you. 

Hon.  H.  M.  Irons. — Mr.  Chairman,  Ladies  and  Gentlemen,  and 
Members  of  the  American  Society  of  Civil  Engineers;  Mayor  Arm- 
strong requested  me  first  to  say  that  he  regrets  very  much  his  inability 
to  be  here  this  morning,  but  he  has  delegated  me  to  say  a  few  words 
of  welcome  for  him. 

After  meeting  many  of  the  members  of  this  Society,  and  after 
looking  over  this  magnificent  audience  of  great  and  intelligent  men 
who  have  made  the  world  move  and  who  have  wrought  wonderful 
changes  in  the  past  41  years,  I  know  and  feel  that  what  Mayor  Arm- 
strong has  lost  in  not  being  here  has  been  to  my  infinite  gain. 

After  listening  to  the  remarks  of  the  last  speaker  wherein  he 
told  you  that  through  the  eiforts  of  science  and  through  the  achieve- 
ments of  the  civil  engineer,   most   wonderful   advancement  has  been 
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made>  and,  when  he  told  you  something  of  the  energy  and  the  growth 
of  this  wonderful  age  in  which  we  live,  I  could  not  help  but  think 
that  we  might  go  a  step  further  and  say  that,  since  the  discovery  of 
this  country,  since  the  mind  of  man  was  given  scope  and  given  a 
chance  to  expand,  it  has  produced  marvels  and  wonders  in  four 
generations  that  eclipse  and  surpass  the  achievements  of  more  than 
forty  centuries.  In  four  generations,  the  scientists,  the  discoverers, 
the  inventors,  the  engineers,  the  real  kings  of  the  useful,  have  over- 
come the  procrastinating  efforts  of  time,  and  have  brought  about  in 
a  large  degree  the  realization  of  the  dream  of  centuries. 

And  you,  gentlemen,  are  gallant  enough  and  great  enough  to  know 
that  back  of  your  great  accomplishments,  that  back  of  your  marvelous 
achievements,  that  back  of  all  the  wonderful  things  that  you  have 
produced  stands  the  sweetheart,  the  patient  wife,  and  the  faithful 
mother.  Back  of  man's  success  there  is  this  inspiring  influence  that 
buoys  him  up  in  the  sea  of  troubles  and  that  drives  him  on  through 
dangers  and  difficulties  straight  to  the  shining  goal. 

You,  gentlemen,  recognize  the  helpful  companionship  of  your  wives, 
and  you  herald  that  recognition  to  the  people  of  Pittsburgh  by  bring- 
ing your  wives  and  your  daughters  with  you.  We  are  all  familiar 
with  that  old  story  of  woman's  listening  to  the  conversation  of  the 
serpent  and  tempting  Adam,  and  how  through  his  fall  man  was  thereby 
expelled  from  the  glory  of  his  first  estate,  but  the  fact  that  Adam 
put  the  blame  upon  his  wife  proves  him  unworthy  of  her,  and,  whether 
this  story  be  true  or  not,  I  do  know  that  the  man  who  possesses  the 
love  of  a  good  woman  has  not  lost  paradise  but  carries  paradise  with 
him  wherever  he  goes. 

Now  in  the  name  of  the  people  of  Pittsburgh  and  of  all  her 
daughters  and  her  sons,  I  welcome  you  with  all  the  cordiality  contained 
in  that  one  word  "welcome".  It  has  been  41  years  since  this  Society 
last  visited  Pittsburgh,  and  I  feel  that  we  can  go  back  and  take  up 
the  story  of  the  fellow  who  had  wandered  far  from  home,  far  from 
his  father's  house,  and  when  he  realized  what  he  had  lost  he  lifted 
up  his  eyes  and  beheld  in  dreams  the  glories  of  his  father's  house.  So 
we,  like  the  good  father  of  old,  will  on  this  occasion,  through  the 
high  offices  of  the  City  of  Pittsburgh  and  the  hospitality  of  our  people, 
kill  for  the  strangers  and  visitors  within  our  gates  the  fatted  calf, 
we  will  throw  upon  your  shoulders  the  robe  of  hospitality,  and  we 
will  welcome  you  and  make  you  feel  as  though  you  had  returned  in 
very  truth  to  the  father's  house. 

It  gives  me  great  pleasure  to  welcome  you,  gentlemen,  because 
I  believe  that  this  is  one  of  the  greatest  and  most  widely  known  societies 
of  the  United  States  of  America;  one  of  the  most  technical,  one  of  the 
most  advanced  societies,  a  society  that  has  worked  out  and  produced 
much  of  our  present-day  civilization.     I  am  informed  that  wherever 
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we  may  p,o,  wliorever  tiinnols  are  bored  through  the  hills,  wherever 
bridges  span  tlie  chasm  or  cathedral  spires  part  the  clouds,  wherever 
man  is  marching  in  the  van  of  the  world's  progress  and  mighty 
structures  are  being  built,  you  will  find  a  member  of  the  American 
Society  of  Civil  Engineers;  and  I  believe  it  can  be  truthfully  said 
that  the  sun  in  traveling  around  the  globe  never  sets  upon  the  members 
of  this  Society. 

You  will  find  that  our  cultured  city  possesses  all  modern  improve- 
ments. It  is  a  grand  old  commonwealth,  nestling  peacefully  among  the 
hills  of  Western  Pennsylvania — a  sort  of  glowing  ruby  of  the  robe  of 
civilization.  Pittsburgh  is  not  progressive  to  the  extent  that  her  people 
have  cast  aside  humanity  and  have  anointed  themselves  with  hypoc- 
risy. She  possesses  for  the  poet,  the  philosopher,  and  the  student 
an  inexpressible  charm.  The  banners  of  four  nations  have  waved  over 
her  battlements.  The  French  and  English  contended  for  the  supremacy 
of  this  country  at  old  Fort  Duquesne.  Here  conferences  with  the 
Indians  were  held,  the  termination  of  which  raised  the  banner  of 
Washington,  which  still  proudly  fondles  our  air. 

You  must  spend  some  time  in  sight-seeing.  You  will  be  shown 
many  historical  places,  where  great  achievements  have  been  wrought, 
and  when  you  leave  us,  you  will  realize  that  every  foot  of  our  city 
is  holy  ground.  You  must  visit  our  libraries  and  technical  institutes, 
which  perpetuate  the  name  of  Mr.  Carnegie ;  our  wonderful  steel  works 
and  foundries  which  proclaim  Pittsburgh  to  be  the  workshop  of  the 
world.  By  all  means  take  an  excursion  to  our  South  Hills,  and  from 
them  look  down  upon  our  city  at  night,  with  its  countless  myriads  of 
gleaming  lights — one  would  think  that  the  angels  had  spilled  a  basket 
of  stars.  The  past,  with  all  its  glorious  achievements,  lies  spread  out 
before  us  in  epitome.  We  can  proudly  boast  of  our  tireless  energy 
and  the  genius  that  gilds  our  name  with  glory,  but  we  should  not  forget 
that  what  we  are  is  only  a  prophecy  of  what  we  will  be  in  the  future, 
and  when  you  come  among  us  again  our  dreams  will  have  become 
realities,  and  you  will  behold  a  more  glorious  empire  than  Greece  or 
Rome  ever  saw. 

You  will  find  Pittsburgh  just  like  all  ordinary  cities.  She  is  bounded 
on  the  north  by  great  ambition,  on  the  south  by  indomitable  energy, 
on  the  west  by  magnificent  achievements,  and  on  the  east  by  the 
star  of  hope. 

In  welcoming  this  Society  we  cannot  bestow  upon  you  more  laurels 
than  you  have  won.  We  cannot  honor  you  as  you  have  honored 
us  with  your  presence.  Your  presence  among  us  means  more  to  us 
than  it  can  ever  mean  to  you.  May  this  meeting  for  the  exchange 
of  sentiments,  of  thoughts,  of  methods,  of  ideas  and  ideals,  prove  not 
only  beneficial  to  you,  gentlemen,  who  take  part  in  the  deliberations, 
but  may  it  redound  to  the  glory  of  humanity.     May  your  stay  among 
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US  be  pleasant  and  profitable,  and  when  you  depart  and  each  and 
all  shall  go  their  separate  ways,  may  something  gathered  here  become 
an  evergreen  in  the  wreath  of  memory. 

Before  we  part  I  shall  recite  to  you  a  little  poem  which  is  the 
product  of  a  Pittsburgh  mind.  It  tells  something  of  the  truth  con- 
cerning Pittsburgh,  what  Pittsburgh  has  accomplished,  what  Pitts- 
burgh stands  for,  and  what  Pittsburgh  wishes  to  be.  It  is  beautifully 
expressed  as  follows: 

"I  am  monarch  of  all  the  forges, 
I  have  solved  the  riddle  of  fire, 
The  amen  of  nature  and  the  good  of  man 
Cometh  at  my  desire. 
I  search  with  the  subtle  soul  of  flame 
The  heart  of  the  hidden  earth, 
And  from  under  my  hammers  the  prophecies  of 
The  miracle  years  go  forth. 
I  am  swart  with  the  soot  of  chimneys, 
I  drip  with  the  sweat  of  toil, 
I  quell  and  quench  the  savage  wastes, 
And  I  charm  the  curse  from  the  soil. 
I  fling  the  bridges  across  the  gulfs 
That  separate  us  from  the  to  be. 
And  I  build  the  roads  of  the  bannered  hosts 
Of  crowned  humanity." 

The  Chairman. — It  has  been  suggested  that  the  persons  sitting 
in  the  rear  of  the  hall  may  not  be  able  to  hear  the  speakers.  If  that 
be  true,  there  are  plenty  of  seats  up  in  front. 

It  is  just  as  unnecessary  to  introduce  some  speakers  to  their 
audience  as  it  would  be  to  present  to  each  other  two  old  friends;  and, 
though  there  is  a  lack  of  necessity  in  this  particular  case,  I  take 
great  pleasure  in  introducing  to  you  the  first  citizen  of  the  State  of 
Pennsyh^ania,  a  man  who  is  great  in  his  own  simplicity,  and  in  the 
affection  in  which  he  is  held  by  all  those  who  have  come  under  his 
wonderful  influence.  He  proposes  to  speak  on  the  relation  between 
science  and  engineering;  and  1  introduce  him  to  you  in  the  terms 
that  he  loves  to  hear — "Uncle  John,  here  is  a  fresh  batch  of  nieces 
and  nephews,  go  to  it." 

Hon.  John  A.  BRASHEAr:. — My  dear  friends — I  do  not  like  to  say, 
"Mr.  President,  Ladies  and  Grentlemen,"  because  that  puts  him  out 
of  the  running,  but  he  is  one  of  the  decentest  fellows  that  we  have 
in  this  town,  and  we  all  love  him. 

The  last  time  I  spoke  to  an  audience  here,  there  were  about  eight 
hundred  gathered  in  this  room,  all  hard-headed  business  men,  calling 
themselves  the  Creditmen's  Association.  I  had  a  pretty  hard  time 
to  get  out  of  the  hall  after  I  had  concluded  my  address.  One  of 
them   said,   "Look   here,   my  old  friend,   are  you   going  out   and   not 
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shake  hands  with  me  f  1  replied,  "iSTot  if  you  will  shake  hands  with 
me."  "I  want  to  shake  haxids  with  you  and  tell  you  that  was  a 
dandy  address  you  gave  us;  but,  when  I  saw  on  the  programme  that 
the  Honorable  John  A.  Brashear  was  to  speak,  1  turned  t(j  the 
gentleman  on  my  left,  and  said  to  him,  'Who  is  this  man  f  He 
evidently  was  a  Pittsburgher  and  knew  you  and  replied,  'Well,  he  is 
a  celebrated  astronomer;  one  of  our  greatest  men;'  and  when  I 
looked  up  on  the  stage  and  saw  an  old  white-headed  fellow  sitting 
there,  do  you  know  what  I  thought?" — you  will  excuse  me,  gentlemen, 
for  giving  it  to  you  in  his  exact  language — "I  thought  what  the  hell 
are  they  going  to  give  us  now?" 

I  suppose  he  thought  I  was  going  to  give  them  a  lot  of  dry  old 
figures  that  he  could  not  understand,  and  that  nobody  else  could 
understand;  but  I  didn't  do  anything  of  the  kind,  and  I  hope  I  am 
not  going  to  perpetrate  anything  of  that  sort  on  you  to-day.  I 
am  very  glad  to  meet  and  welcome  you  all,  as  did  our  good,  loyal  friend 
the  last  speaker,  to  the  City  of  Pittsburgh. 

I  did  not  know  it.  but  I  was  glad  to  learn  that  we  had  a  lawyer 
who  had  the  love  of  mother  and  wife  and  sister  down  in  his  heart, 
and  was  not  afraid  to  come  before  you — and  there  are  probably  some 
bachelors  here — and  speak  it  right  out. 

Here  is  my  dear  friend  from  California.  He  knew  when  I  stood 
up  before  the  great  crowd  of  mining  engineers — and  they  were  half 
women — and  somebody  had  been  telling  the  story  of  Adam  and  the 
apple;  I  said  that  I  considered  that  man  Adam  the  damnedest  coward 
that  ever  was  born  on  the  face  of  the  earth,  because,  when  the  Lord 
came  around,  Adam  said,  *'The  woman  did  tempt  me  and  I  did  eat." 
I  would  have  liked  to  have  been  there  about  that  time  with  an  old- 
fashioned  shot-gun.  "The  woman  did  tempt  me"— what  do  you 
say,  ladies?     Wasn't  he  a  cur?     They  all  nod  their  heads. 

This  is  a  city  that  I  love.  I  have  been  in  it  for  more  than  50 
years.  I  have  been  associated  with  some  of  the  men  that  have  done 
great  work  in  the  City  of  Pittsburgh.  I  wish  to  pay  a  tribute  right 
here  to  one  of  those  pioneers,  as  that  dear  fellow,  your  Chairman, 
has  been  telling  us  in  the  letters  that  he  read.  I  want  to  pay  a 
tribute  to  the  name  of  William  Thaw,  one  of  the  first  men  that  appre- 
ciated scientific  work  in  the  City  of  Pittsburgh. 

Away  back  in  1859  the  citizens  of  Pittsburgh  got  together,  a  few 
of  them,  and  raised  money  for  an  observatory  up  on  the  hill  above 
us.  William  Thaw  was  one  of  its  first  directors.  The  first  director 
of  that  observatory  was  so  proud  of  his  telescope  that  he  would  not 
even  let  the  Board  of  Trustees  look  in  it  without  previous  arrangement. 

However,  in  1867,  Professor  Samuel  Pierpont  Langley  came  to 
the  observatory,  and — what  many  of  you  do  not  know — there  estab- 
lished the  first  standard  time  system  on  a  permanent  basis — the  first 
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accurate  time  system  that  was  established  in  the  United  States  of 
America,  or  in  any  other  country,  for  that  matter. 

The  Harvard  Observatory  and  the  United  States  Naval  Observatory 
had  sent  out  a  few  desultory  messages  of  the  time  by  the  stars,  but 
Langley  was  the  first  to  establish  it;  and  before  a  year  had  passed 
5  700  miles  of  railways — and  that  was  a  great  many  for  those  days — 
had  the  time  signal  sent  out  to  their  stations;  and  to  this  day  the 
Allegheny  Observatory  stands,  with  its  record  of  accurate  time,  better 
perhaps  than  any  other  place  in  the  United  States,  although  some 
of  the  observatories  keep  it  very  accurately — the  average  error  for 
last  year  was  ^^^^^  of  a  second — close  enough  for  you  to  set  your  watch. 
For  1914  the  average  was  ^^  of  a  second,  and  we  worried  a  good  deal 
about  that  -^^^  of  a  second. 

It  was  here  that  Langley  began  his  studies  on  the  sun,  and  gave 
to  the  world  probably  one  of  the  most  unique  studies  and  determina- 
tions that  have  ever  been  made,  that  is,  he  found  the  reason  why 
you  and  I  can  live  upon  this  earth;  why  the  flowers  can  bloom;  why 
the  birds  can  sing;  and  the  reason  why  life  may  be  possible  upon 
any  other  planet  in  this  great  universe  of  God's  creation ;  and  I  would 
like  to  tell  you,  because  you  have  been  talking  about  aviation,  I 
would  like  to  tell  you  that  one  of  the  saddest  half  hours  of  my  life 
was  when  my  dear  friend  Langley  failed  in  that  flight  down  on  the 
Potomac,  and  the  word  was  sent  out  "Langley's  machine  a  failure." 
When  he  talked  to  me  at  the  Smithsonian  Institution  about  his  failure, 
he  said  "Mr.  'Brazier' " — he  always  called  me  'Brazier' — "my  lifework 
is  a  failure."  I  said  to  him,  "Langley,  if  you  had  done  nothing  more 
than  your  memorable  work  to  prove  the  reason  and  to  give  us  the 
facts  why  life  is  possible  on  the  earth,  you  have  done  enough  for  one 
man" ;  but  I  could  not  console  him,  and  shortly  afterward  he  took 
the  fatal  stroke  that  ended  his  dear  life,  because  a  wicked  newspaper 
man,  who  had  a  grudge  against  him,  sent  out  that  unkind  message. 

Gentlemen — ladies  first — I  was  with  him  in  all  those  early  researches 
and  also  in  his  work  in  aviation ;  and  I  shall  not  forget  when  I  received 
a  letter  from  that  magnificent  man,  Helmholtz,  who  had  gone  over 
the  research  work  of  Langley,  with  duplicate  apparatus  we  had  made 
for  him.  In  that  letter  Helmholtz  said  "My  dear  Mr.  Brashear,  I 
have  gone  over  Langley's  whole  work  in  relation  to  the  life  history 
of  the  earth,  and  I  cannot  find  a  single  flaw  in  it" ;  and  some  day, 
when  your  friend  who  stands  before  you — I  won't  be  here — but  when 
the  little  box  that  lies  in  the  corner  stone  of  the  work-shop  on  the 
hill  is  uncovered,  that  letter  of  Helmholtz  will  be  found  there.  I  don't 
know  whether  Langley  knows  anything  about  it,  on  the  other  side, 
but  I  think  he  does,  his  work  had  been  done  so  well,  and  so  useful 
was  the  record  that  he  made  on  Observatory  Hill  in  Pittsburgh. 
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Then  Keeler  came  along.  It  was  he  who  solved  the  problem  of 
the  motions  of  the  nebulous  bodies  in  the  heavens,  and  gave  to  the 
world  a  ])li,vsical  solution  of  the  character  of  the  rings  of  Saturn. 
Laplace  had  worked  it  out  mathematically,  but  the  solution  was  not 
satisfactory,  and  finally  Maxwell  came  along  and  proved  mathemati- 
cally that  the  rings  were  composed  of  discrete  particles,  like  meteoric 
bodies,  but  it  remained  for  Keeler  to  solve  the  problem,  and  that  was 
done  on  Observatory  Hill  above  our  city. 

And  you  engineers  know  of  the  work  of  that  magnificent  man, 
George  Westinghouse,  what  was  done  in  this,  our  city,  and  how  his 
work  contributed  to  human  knowledge  and  human  betterment,  the 
prophetic  and  actual  saving  of  untold  thousands  of  American  lives. 

Friend  Davison,  I  have  always  liked  the  name  of  your  Society. 
There  is  something  back  of  it.  The  Civil  Engineer  puts  into  his 
work  something  that  has  a  human  touch  that  none  of  the  rest  seem 
to  have — civil  engineers — God  bless  you! — that  is  the  work  that  counts 
in  our  lifework.  I  do  not  care  if  you  build  great  structures,  that  you 
construct  the  great  buildings  and  bridges  that  you  do,  if  you  have 
not  the  word  ''civil"  back  of  you,  you  are  not  "worth  a  continental." 
It  is  that  element  that  comes  into  the  lives  of  busy  men  and  makes 
them  great;  you  must  have  that  element;  and  I  hope  that  you  are 
every  one  civil  to  one  another,  civil  to  the  ladies — you  could  not  help 
but  be  that,  for,  if  you  were  not,  your  fellow  members  would  kick 
you  out  of  the  community,  and  right  they  would  be. 

I  have  had  a  long  exi)erience  in  this  old  round  world,  and  in  that 
experience  of  more  than  45  years  associated  with  devotees  of  science, 
1  have  known  ISO  of  the  greatest  investigators  in  the  world.  Two- 
thirds  of  them  are  in  heaven  now.  In  the  best  of  these  men  I  have 
found  that  element  of  civility,  of  kindness,  of  helpfulness,  that  counts 
for  a  great  deal  in  life's  work;  indeed,  in  my  humble  opinion,  no 
man  can  be  great  unless  these  factors  are  a  part  of  his  make-up. 

I  do  not  know  whether  they  are  building  bridges,  studying  the 
stars,  or  laying  out  railroads  there  or  not,  just  so  long  as  they  are 
there,  and  they  will  be  well  taken  care  of  I  believe  when  they  get 
there.  I  have  in  my  possession  a  most  interesting  letter  from  my 
dear  old  friend  Prebendary  Webb,  a  great  astronomer,  a  good  pious 
man,  an  Episcopal  minister.  We  had  been  studying  a  crater  plain 
on  the  moon,  where  we  thought  volcanoes  were  still  active — Burtt, 
Webb,  and  about  twenty  others  were  among  the  students.  Before  the 
work  was  done,  Burtt  died,  and  Webb  wrote  me:  "My  dear  Brashear, 
our  friend  Burtt  has  gone  over  to  the  other  side,  but  I  am  sure  that 
in  going  to  heaven,  if  he  had  his  way,  he  would  stop  by  way  of  the 
moon."     I  would  like  to  stop  that  way  too,  although  it  is  an  awfully 
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cold  place,  and  not  a  very  good  place  for  engineers,  or  anybody  else, 
for  that  matter. 

How  can  we  differentiate  the  wonderful  work  of  the  scientist  with 
the  engineering  progress  that  has  been  made  in  more  than  50  years. 
When  I  look  back  at  what  has  been  done  in  engineering  science,  it 
is  wonderful,  indeed.  Why,  bless  you,  my  old-time  friend  Quincy 
told  me  that  when  he  was  on  the  Baltimore  Railroad,  in  the  first 
years  of  its  operation,  the  trains  stopped  when  it  got  dark,  and  when 
it  grew  light  again  they  started  up.  There  is  nothing  like  that  now- 
adays, gentlemen. 

Two  years,  ago,  down  in  Los  Angeles,  I  got  into  a  flying  machine, 
and  went  up,  and  up,  and  up.  As  we  got  away  above  that  beautiful 
St.  Gabriel  Valley,  I  thought,  "What  hath  man  wrought,"  as  well  as, 
'What  hath  God  wrought?"  and  my  one  wish,  when  I  was  sailing 
around  in  that  pure,  clear  atmosphere,  up  there,  was  that  Langley  had 
been  sitting  by  my  side.  There  we  were  flying  nearly  3  000  ft.  above 
the  plain,  and  I  was  as  "happy  as  a  big  sunflower,"  only  I  wished 
that  Langley  had  been  with  me. 

These  things  have  all  come  since  my  debut  into  this  world,  and 
they  have  all  been  so  closely  associated  with  the  advancement  of  every 
form  of  engineering  that  I  do  not  see  how  you  are  going  to  separate 
them. 

I  was  at  a  wonderful  meeting  of  scientific  men  in  Terre  Haute, 
30  years  ago,  when  they  had  a  gathering  of  the  American  Association 
for  the  Advancement  of  Science,  and  old  Dick  Thompson,  who  was 
Secretary  of  the  Navy  under  Garfield  or  some  other  President  whom 
I  cannot  now  remember,  was  asked  to  make  a  speech.  Here  is  his 
story:  "I  don't  know  what  I  can  tell  you  scientific  men  that  will  be 
greatly  interesting  to  you,  but  I  will  tell  you  of  my  association  with 
the  electrical  telegraph."  Then  he  told  us  the  story  of  how,  in  1844, 
he  was  a  Member  of  Congress  from  that  district  in  Indiana,  with 
two  other  men  who  were  in  Congress  from  his  State.     He  said: 

''We  had  to  ride  horseback  and  stage  coach,  and  when  we  got 
to  Ohio,  where  there  happened  to  be  a  canal,  we  took  passage  for 
part  of  our  journey.  Reaching  Cumberland,  got  into  a  little  railroad 
train  and  were  taken  to  Philadelphia ;  and  then  to  New  York,  for  we 
wanted  to  see  the  great  city. 

"A  Member  of  Congress  came  across  the  hallway  and  said,  'Thomp- 
son, there  is  a  man  here  in  New  York  by  the  name  of  Morse,  who 
has  an  instrument  he  calls  the  electric  telegraph,  and  says  that  he 
can  send  a  message  from  Washington  to  Baltimore  in  less  than  two 
seconds.  He  wants  to  ask  a  subsidy  of  $25  000  from  Congress  to  put 
up  the  line.' 
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"I  went  over  the  next  day.  There  were  several  gentlemen  standinf? 
around  the  machine.  Pie  was  tapping  on  it,  and  there  was  a  little 
white  ribbon  of  paper  came  out,  marked  with  dots  and  dashes.  I 
could  not  see  very  well,  but  when  the  gentlemen  were  gone,  I  was 
introduced  to  Mr.  Morse  who  said  to  me,  'Mr.  Thompson,  I  want 
to  explain  this  machine  to  you.'  He  told  me  he  had  10  miles  of  wire 
through  the  house,  and  said,  'I  can  send  a  message  instantaneously, 
for  you  see  when  1  put  down  my  key,  the  message  comes  down  the 
wire.'  He  then  said,  'Will  you  ask  me  a  question,  and  I  will  try  to 
answer  it?'  James  K.  Polk  and  Henry  Clay  were  then  running  for 
President.  Thompson  said,  'Do  you  know  what  I  asked  him?'  I 
asked  him  who  would  be  the  next  President  of  the  United  States. 
He  began  tapping  the  key  and  at  the  same  time  dots  and  dashes 
came  out  on  the  little  ribbon.  He  picked  it  up  and  read  to  me,  'Henry 
Clay.'  Gentlemen,  do  you  know  what  I  said?  'I  don't  know  a  damned 
thing  about  your  machine,  but  I  like  its  politics,  and  I  will  vote  for 
you.' " 

Well,  the  politics  was  all  right.  He  voted  for  the  subsidy  and  Mr. 
Thompson  told  us  that  at  the  next  election  he  got  through  by  the 
skin  of  his  teeth,  but  his  colleague  was  defeated  for  wasting  the  public 
money.  Think  of  it.  Now,  what  could  you  civil  engineers  do  with- 
out the  telegraph  to-day? 

The  other  day  I  was  down  in  Washington.  I  took  the  receiver 
of  a  telephone  and  put  it  to  my  ear.  I  heard  the  ticking  of  a  clock 
500  miles  away.  I  was  in  New  York  on  a  Sunday  afternoon,  the 
24th  of  January  a  year  ago,  with  my  friend  Alexander  Graham  Bell, 
and  Mr.  Carty,  the  Engineer  of  the  American  Bell  Telephone  Com- 
pany. We  heard  messages  across  our  good  country  from  the  Pacific 
Coast.  We  listened  to  Mr.  Watson's  voice,  but  it  did  not  carry  well. 
Watson  was  the  first  man  to  hear  Mr.  Bell's  voice  over  the  telephone. 
However,  when  Mr.  Moore,  President  of  the  Panama-Pacific  Exposi- 
tion spoke  in  the  telephone,  I  heard  it  almost  as  plainly  as  if  he  were 
speaking  from  a  local  station.  And  then  Mr.  Carty  told  us  he  would 
put  up  a  replica  of  the  original  apparatus  made  by  Watson  for  Bell, 
and  said  to  me:  "You  go  in  the  other  room  and  we  will  see  what  we 
can  get  from  Omaha  and  back  again?"  Dr.  Bell  talked  to  me  and 
said,  "Brashear,  do  you  hear  me?"  and  over  that  3  000  miles  of  wire, 
over  to  Omaha  and  back  again,  I  heard  Bell's  voice  clearly  and 
answered  it,  to  his  delight.     There  was  no  relay  at  Omaha. 

When  I  was  a  guest  of  my  friend  Carty  on  the  Pacific  Coast  last 
year,  he  took  me  to  a  private  room  of  the  Telephone  Company,  and 
I  heard  a  message  from  New  York;  and  then  a  megaphone  on  the 
telephone  at  Atlantic  City  enabled  me  to  hear  the  dashing  of  the 
waves    upon   the   Atlantic   Coast,    while   I    was   listening   out   on    the 
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Pacific  Coast.  What  would  the  civil  engineer  do  without  the  tele- 
phone to-day^ 

A  German  for  the  first  time  was  asked  to  listen  at  the  telephone, 
when  he  heard  that  his  wife  was  at  the  other  end,  at  a  friend's  house. 
Just  as  he  picked  up  the  telephone  and  his  wife  came  to  it,  there  was 
a  flash  of  lightning  that  knocked  him  down,  and  he  said  ''That's 
her;  I  know  her  voice." 

There  are  some  of  us  who  may  think  that  pure  science  and  engi- 
neering do  not  have  much  in  common,  no  interlocking  places.  Ask 
my  friend  Smith,  of  our  University,  whom  I  see  in  the  audience,  why 
he  is  interested  in  everything  of  a  scientific  character.  He  is  Professor 
of  Engineering  at  our  University;  he  is  dabbling  in  scientific  things 
all  the  while. 

I  was  a  guest  at  the  meeting  of  the  National  Association  of  Scien- 
tific men  at  Washington  about  three  weeks  ago— they  are  the  great 
moguls  and  the  House  of  Lords  of  our  scientific  men — and  had  the 
pleasure  of  speaking  to  them  about  our  wonderful  National  Engineer- 
ing Societies,  of  which  I  believe  the  Civil  Engineers  have  the  greatest 
number  of  members  and  some  of  the  most  splendid  men  who  have  made 
this  country  what  it  is.  I  asked  them  if  they  would  not  join  forces 
with  these  societies.  There  is  no  doubt  we  will  get  all  the  National 
Associations  to  join  forces  with  us.  The  thing  is  coming,  and  I  am 
here  to  appeal  to  you  Civil  Engineers  to  hasten  the  day  when  there 
shall  be  no  line  of  demarcation  between  applied  science,  between 
pure  science  and  engineering.  Indeed,  engineering  is  to-day  on  a 
higher  plane  of  science  than  ever  before,  and  the  day  of  empiricism 
is  passed  forever.  You  cannot  do  anything  nowadays  without  a 
knowledge  of  science.  You  do  not  do  things  empirically  when  you 
build  a  bridge.  No  more  guesses  at  the  depth  of  the  bridge  girder, 
or  at  the  strength  of  the  ties.  Would  you,  my  friend  Taylor,  lay 
out  a  railway  without  a  little  knowledge  of  the  use  of  the  transit? 
I  do  not  think  you  would  do  as  the  sailor  did  when  the  captain  left 
him  in  charge  of  the  helm,  saying,  "I  want  you  to  keep  the  ship  on 
that  star".  When  the  captain  came  back  from  his  supper  he  found  that 
the  ship  was  turned  around  a  number  of  points.  "Didn't  I  tell  you 
to  keep  your  ship  on  the  star?"  The  sailor  replied,  "Captain,  I  passed 
that  damned  star  long  ago."  Taylor  does  not  do  things  like  that.  He 
keeps  that  old  transit  of  his  pointed  in  the  right  place. 

I  have  for  many  years  been  interested  in  science;  I  love  it  for  its 
own  sake.  So  I  want  you  to  get  at  least  a  smattering  of  the  sciences 
outside  of  that  which  relates  purely  to  civil  engineering.  Do  you 
think  that  it  makes  this  carnation  that  is  colored  a  very  beautiful  pink 
any  the  less  beautiful  because  we  happen  to  know  the  reason  why  it 
is  so?     Do  you  think,  when  I  look  at  a  lovely  rose,  that  it  is  any  the 
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less  beautiful  because  I  know  it  sends  out  certain  rays  of  light  to  that 
wonderful  structure,  the  human  eye,  and  makes  us  see  the  rose  so 
beautiful  ?  Do  you  think  it  is  less  wonderful  when  a  blind  man  goes 
through  the  conservatory,  and  smells  the  wonderful  fragrance  of  the 
rose,  and  tells  us  of  its  wonderful  structure  by  the  delicate  touch  of 
his  sensitive  finger  tips?  There  is  beauty  in  everything.  You  know 
the  words  of  the  poet  Wordsworth : 

"A  primrose  by  a  river's  brim 
A  yellow  primrose  was  to  him, 
And  it  was  nothing  more." 

I  see  beauty  in  the  pebbles  they  haul  in  the  wagons  along  the  streets 
to  fix  the  pavements.  I  see  beauty  in  the  cement  they  mix  it  with.  My 
friend  Dr.  King  told  me  that  the  Indians  in  the  North,  when  they 
went  to  see  the  wonderful  sight  of  the  eclipse,  saw  nothing  so  wonder- 
ful in  the  eclipse  as  when  they  put  the  water,  ''dust",  and  sand 
together  and  made  solid  stone  out  of  it. 

The  best  beauty  of  all  is  this  civility,  is  this  friendship,  is  this 
affection.  You  shall  find  it  here  in  the  City  of  Pittsburgh.  The  other 
day  at  a  meeting  somebody  said,  "Whoever  loves  Uncle  John,  put  up 
his  hands",  and  every  woman  in  the  whole  place  put  her  hand  up. 
Don't  you  think  that  is  awfully  nice?     Sure  it  is. 

You  show  helpful  affection  when  you  do  something  for  the  other 
fellow.  Do  not  wait  for  him  to  do  it  for  you.  Do  it  first.  I  would 
like  to  tell  you  something  of  the  things  we  have  had  done  for  us  in 
the  great  City  of  Pittsburgh,  but  I  believe  a  good  part  of  it  is  in  our 
friendship,  and  we  are  going  to  show  it  to  you  here. 

I  don't  care  whether  the  Mayor  was  here  to  welcome  you  to-day, 
or  whether  you  may  see  him  to-morrow  and  say,  "We  are  going  to  get 
another  mayor  next  year",  or  tell  him  you  want  him.  We  do  not  care 
about  that.  We  want  you  to  enjoy  yourselves  in  our  beautiful  city,  in 
our  beautiful  park,  in  our  beautiful  observatory,  in  all  our  beautiful 
surroundings;  and  when  you  see  our  wonderful  mills  and  factories, 
carry  away  the  memory  that  here  in  Pittsburgh  there  are  some  human 
hearts  that  beat  in  sympathy  with  their  fellows,  and  hope  to  get  them 
to  Heaven  and  give  them  a  helping  hand  to  get  there. 

The  Chairman. — There  may  be  a  reluctance  (from  the  large  num- 
ber of  regrets  that  were  sent  by  the  75ers)  to  test  repeatedly  the  hos- 
pitality of  Pittsburgh,  but  I  am  pleased  to  say  that  of  the  75ers, 
there  are  a  few  for  whom  this  city  has  no  terrors ;  I  take  great  pleasure 
in  introducing  one  of  them,  Mr.  S.  M.  Gray,  of  Providence,  R.  I. 

S.  M.  Gray,  M.  Am.  Soc.  C.  E. — Mr.  Chairman  and  Gentlemen  of 
the  American  Society  of  Civil  Engineers  and  Ladies,  I  was  surprised 
when  Mr.  Davison  vrrote  me  that  it  was  41  years  ago  since  I  attended 
a   Convention  of  the  American   Society  of  Civil  Engineers  in  Pitts- 
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burgh.  I  well  remember  it;  I  well  remember  the  pleasure  of  it;  and 
I  can  only  say  that  I  hope  to  be  here  for  41  years  to  come,  in  1957. 

The  Chairman. — Mr.  Gray  is  not  alone  among  those  of  our  former 
guests.  I  take  additional  pleasure  in  introducing  Mr.  Clemens 
Herschel,  who,  regardless  of  his  youthful  appearance,  claims  that  he 
was  here  41  years  ago. 

Clemens  Herschel,  President,  Am.  Soc.  C.  E. — Ladies,  Guests, 
and  Fellow-Members:  You  have  probably  noticed,  all  of  you,  what 
good  work  the  Committee  of  Reception  in  Pittsburgh  is  doing  for  us. 
Well,  in  their  wisdom,  and  having  seen  fit — ^this  being  the  "City  of  57 
Varieties"— to  call  on  me,  on  one  such  as  I,  to  speak  in  behalf  of  those 
who  were  here  41  years  ago.  I  will  only  say  that  we  had  a  most 
delightful  time  then,  and  I  do  not  question  for  a  moment  but  that  we 
shall  repeat  it. 

At  that  time  the  oil  industry  was  just  beginning,  and,  as  one  of  the 
sights  of  the  day,  they  took  us  up  into  the  mountains  somewhere  near 
here,  and  showed  us  a  pipe  line,  IJ  in.  in  diameter,  through  which  oil 
was  pumped  about  300  or  400  ft.,  possibly  farther.  We  saw  the  Lucy 
Furnace,  supposed  then  to  be  the  biggest  thing  out.  Andrew  Carnegie 
was  there  to  show  it  to  us ;  and,  from  what  our  Chairman  of  the  Recep- 
tion Committee  has  said,  you  know  what  progress  has  been  made  since 
then;  and  what  I  have  been  describing  was  the  beginning  of  some  of 
that  progress.  I  need  not  expatiate  upon  it.  I  am  very  happy  to  give 
my  little  tribute  to  41  years  ago.  , 

The  Chairman. — Your  Local  Committee  has  undertaken  to  place 
before  you  in  a  very  simple  way  the  various  events  of  the  Convention. 
The  programmes  were  very  late  in  being  delivered  at  the  hotel,  but 
we  hope  that  you  will  secure  copies  of  them  at  once,  if  you  do  not 
already  have  them.  Please  study  them  carefully,  and  indicate  at  the 
Information  Booth  the  excursions  on  which  you  wish  to  go. 

I  want  to  call  particular  attention  to  the  trip  for  the  ladies  this 
afternoon.  That  will  occur  at  2  o'clock,  and  the  arrangements  are  in 
charge  of  a  committee  headed  by  Mr.  E.  K.  Morse  as  Chairman;  also 
to  the  dinner  dance  of  this  evening. 

We  hope  that  you  will  all  be  present  and  enjoy  yourselves.  The 
committee  in  charge  of  the  latter  affair  is  under  the  leadership  of 
Mr.  Khuen.  I  need  not  mention  the  remainder  of  the  programme,  as; 
it  is  self-explanatory. 

The  time  has  now  come  when  the  President  of  our  Society  shall 
deliver  the  Annual  Address.  I,  therefore,  take  occasion  again  to  intro- 
duce to  you  Mr.  Clemens  Herschel,  President  of  the  American  Society 
of  Civil  Engineers. 

The  President,  Clemens  Herschel,  then  delivered  the  Annual 
Address.* 

•  See  page  835  of  Papers  and  Discussions. 
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Tm:  CiiAiii.MAN. — I  have  been  asked  to  request  you  all  at  once  to 
secure  your  tickets  for  the  dinner  dance  this  eveninji;  and  for  the  boat 
excursion  to-morrow,  so  that  the  committees  in  charp:e  of  these  affairs 
shall  be  fully  informed  of  the  number  for  which  they  must  provide. 
This  suggestion  is  equally  important  in  connection  with  the  auto- 
mobile trip  for  Friday.  So,  at  the  adjournment  of  this  meeting,  those 
who  have  not  already  made  their  arrangements  should  go  to  the  Regis- 
tration Room  and  attend  to  these  matters. 

This  meeting  now  stands  adjourned,  and  the  Business  Meeting  of 
the  Society  will  convene  at  2  o'clock  in  this  room. 

SECOND  SESSION,    BUSINESS  MEETING. 

Tuesday,  June  27th,  1916.. — The  meeting  was  called  to  order  at 
2  p.  M. ;  President  Clemens  Herschel  in  the  chair;  Charles  Warren 
Hunt,  Secretary;  and  present,  also,  about  100  members. 

The  President. — I  call  this  meeting  to  order.  The  first  subject 
put  down  for  discussion  is  the  time  and  place  for  holding  the  Forty- 
ninth  Annual  Convention.  What  have  you,  Mr.  Secretary,  on  that 
subject. 

The  Secretary. — Mr.  President,  the  first  thing  to  report  is  a  sum- 
mary of  the  suggestions  that  have  been  received  as  to  the  time  and 
place  for  holding  the  Annual  Convention  of  1917. 

Report  of  the  Secretary  on 

Suggestions  as  to  Time  and  Place 

For  Holding  Annual  Convention,  1917 

"As  to  place : 

''Total  number  of  suggestions  received,  443. 

Chicago,  111 60  Washington,  D.  C 9' 

Detroit,    Mich .52   Buffalo,    K    Y 7 

Boston,    Mass 44  Los  Angeles,  Cal 7 

New  York  City 23   Minneapolis,    Minn 6 

Denver,  Colo 17  Philadelphia,    Pa ....  .  .:.3^;.  i)J.'t'.  6 

Kansas  City,  Mo 15   Salt  Lake  City,  Utah ...... 6 

St.  Louis,  Mo 15  Seattle,  Wash 6 

Atlantic  City,   N.  J 13  Asheville,   N.   C 5 

Cleveland,    Ohio 11  Dallas,   Tex 5 

Milwaukee,   Wis 11  Jacksonville,    Fla 5 

Cincinnati,    Ohio 10   San  Francisco,  Cal 5 

Atlanta,  Ga 9   Saratoga  Springs,  N.  Y 5 

'New  Orleans  La 9 

"The  following  received  4  votes:  Portland,  Ore. 

"The  following  received  3  votes  each :  Birmingham,  Ala.,  Duluth,. 
Minn.,  Louisville,  Ky.,  Niagara  Falls,  N.  Y.,  Omaha,  Nebr.,  Portland, 
Me.,  St.  Paul,  Minn.,  Spokane,  Wash. 
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"The  following  received  2  votes  each:  Baltimore,  Md.,  Butte,  Mont., 
Galveston,  Tex.,  Havana,  Cuba,  Mackinac  Island,  Mich.,  Plattsburg, 
N.  Y.,  Roanoke,  Va.,  Rochester,  N.  Y. 

"The  following  received  1  vote  each:  Alexandria  Bay,  N".  Y.,  Bur- 
lington, Vt.,  Buenos  Aires,  Argentine  Republic,  Calgary,  Alberta, 
Canada,  Cape  May,  IST.  J.,  Cooperstown,  N",  Y.,  Greenbrier,  W.  Va., 
Harrisburg,  Pa.,  Honolulu,  Hawaii,  Hot  Springs,  Va.,  Indianapolis, 
Ind.,  Ithaca,  N.  Y.,  Lake  George,  N.  Y.,  Mackinaw,  Montgomery,  Ala., 
Montreal,  Que.,  Canada,  Newark,  N.  J.,  New  London,  Conn.,  Panama 
City,  Panama,  Pittsburgh,  Pa.,  Quebec,  Que.,  Canada,  Quebec  Bridge, 
Richmond,  Va.,  San  Diego,  Cal.,  San  Jose,  Costa  Rica,  San  Juan,  Porto 
Rico,  Sault  Ste.  Marie,  Mich.,  Savannah,  Ga.,  Syracuse,  N.  Y.,  Toronto, 
Ont.,  Canada,  Vieksburg,  Miss.,  Wliite  Sulphur  Springs,  Winnipeg, 
Man.,  Canada,  Some  point  in  Florida,  on  Chartered  Steamer,  Buffalo 
to  Duluth,  Steamer  on  Great  Lakes,  Some  Summer  Resort,  Rotation 
by  Director  Districts. 

"Suggestions  as  to  time: 

"Total  number  of  suggestions  received,  390. 

February 6  July   31 

March    2  August    7 

April    8  September 11 

May   26  October   5 

June    259  November 3 

January    or    February 1   October  or  November 2 

April  or  May 2  Early   Summer 2 

May   or   June 2  Winter 2 

May  or  October 1  Annual  Rose  Festival  (In  con- 

Jiine  or  July 11  nection  with  Portland,   Ore., 

June,  July,  or  August 1       as  the  place) 1 

June  or  September 1   Some  summer  month 1 

June  or  October 1  Any  time 1 

July,  August,  or  September. .  .  1    Fair  weather 1 

September  or   October 1 

"The  Secretary  also  has  invitations  from  the  Chicago  Association 
of  Commerce,  The  Columbus  Conventions  and  Publicity  Association, 
the  Conventions  Committee  of  the  New  Haven  Chamber  of  Commerce, 
the  Publicity  and  Conventions  Bureau,  Portland,  Ore.,  Chamber  of 
Commerce,  the  Toledo  Convention  and  Tourist  Bureau,  and  from 
Edward  B.  Temple,  President  of  the  Philadelphia  Association  of 
Members  of  the  Society,  enclosing  letters  from  the  Mayor  and  from 
the  Philadelphia  Chamber  of  Commerce,  all  inviting  the  Society  to 
hold  its  next  Annual  Convention  in  their  cities. 
"Respectfully  submitted, 

"Chas.  Warren  Hunt, 

"Secretary." 
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George  F.  Swain,  Past-President,  Am,  Soc.  C.  E. — I  move  that  the 
time  and  i)lace  for  holding  the  next  Convention  be  referred  to  the 
Board  of  Direction  with  power. 

(Motion  seconded.) 

The  Secretary. — Mr.  President,  before  that  motion  is  put,  I  think 
it  might  be  well  to  inform  the  meeting  that  the  Society  is  now  divided 
into  13  districts,  12  of  which  are  non-resident,  and  that  a  committee 
of  the  Board  of  Direction  has  been  appointed  for  the  purpose  of  estab- 
lishing a  rotation  between  those  districts,  so  that  the  Conventions  of 
the  Society  will  be  held  automatically,  first  in  one  and  then  in  another 
section  of  the  country;  and  the  scheme  is,  that  when  that  order  is 
established,  the  members  residing  in  that  particular  district  shall 
simply  be  asked  where  in  that  district  they  want  the  Convention  held. 

The  President. — You  have  heard  the  motion.  Are  you  ready  for 
the  question?  All  in  favor  of  the  motion  to  refer  this  matter  of  the 
time  and  place  of  holding  the  Annual  Convention  to  the  Board  of 
Direction,  please  say  "aye";  contrary-minded,  "no".     It  is  a  vote. 

(Motion  carried.) 

The  President. — The  next  business  is  Reports  of  Special  Com- 
mittees. Are  there  any  Chairmen  of  Special  Committees  here  who 
want  to  report? 

The  Secretary. — Mr.  President,  the  only  report  that  was  expected, 
so  far  as  I  know,  was  that  of  the  Special  Committee  on  Concrete  and 
Reinforced  Concrete.  The  instructions  to  that  Committee  were  to 
present  a  final  report  on  July  1st,  1916. 

The  President. — Is  there  any  one  here  from  that  Committee? 

J.  ViPOND  Davies,  M.  Am.  Soc.  C.  E. — I  would  like  to  move,  Mr. 
President,  the  discharge  of  the  Special  Committee  on  Concrete  and 
Reinforced    Concrete. 

In  doing  so,  I  wish  to  make  an  explanation  to  the  membership. 

Over  a  year  ago,  when  I  became  a  member  of  the  Board  of  Direc- 
tion, the  Board  was  treated  by  some  of  the  various  Special  Committees 
as  though  the  Board  of  Direction  did  not  exist. 

The  Board  asked  for  the  presentation  of  budgets  by  the  various 
Special  Committees,  in  order  to  obtain  a  knowledge  of  what  was  going 
to  be  spent  and  of  what  the  duties  and  obligations  of  the  Society 
might  be  in  relation  to  these  Special  Committees. 

The  majority  of  these  Special  Committees  are  doing  splendid  work ; 
however,  at  the  end  of  the  year  it  became  obvious  that,  despite  the 
efiorts  of  the  Board,  these  Committees  were  running  on  in  their  own 
way  and  manner.  The  Board,  therefore,  appointed  a  sub-committee  of 
its  own  members,  of  which  I  was  appointed  Chairman  with  Mr.  Lin- 
coln Bush  and  Mr.  Virgil  G.  Bogue,  to  study  and  consider  the  work  of 
the  various    Special   Committees.      Thereupon,   I   communicated   witli 
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each  Special  Committee  and  requested  information  from  each  as  to 
what  work  it  intended  to  do.  when  it  intended  or  contemplated  com- 
pleting its  work,  what  budget  appropriations  should  be  made  for  its^ 
work,  and,  generally,  what  its  plan  of  operations  was  to  be. 

In  the  early  part  of  this  year  I  received  from  the  various  Special 
Committees  certain  replies.  The  Special  Committee  on  Concrete  and 
Reinforced  Concrete  stated  that  it  expected  to  make  a  final  report. 
by  July  1st,  that  it  had  bills  outstanding  of  more  than  $3  000  un- 
paid, and  that  it  required  for  the  current  year  expenditures  of  $675. 
I  inquired  of  this  particular  Committee  what  was  meant  by  this  unpaid 
obligation  and  was  told  that  it  was  the  salary  of  its  Secretary,  a 
Member  of  this  Society,  and  other  disbursements  that  had  never  been 
authorized  by  the  Board  of  Direction,  and  which  the  Board  of  Direc- 
tion has  since  declined  to  recognize. 

The  Board  appropriated  $675  for  the  work  of  this  Conunittee  for 
the  current  year,  with  the  definite  instructions,  following  the  agree- 
ment of  the  Special  Conunittee,  that  it  would  complete  its  work  and 
report  to  this  meeting  of  the  Society,  and  by  this  meeting  of  the 
Society  the  work  of  that  Committee  would  be  terminated. 

It  was  fully  expected  by  the  Board  that  the  report  of  this  Com- 
mittee would  be  presented  at  this  meeting  and  no  such  report  is  forth- 
coming. We  have  been  recently  criticized  in  the  engineering  press 
for  the  work  of  these  committees,  and  are  accused  of  allowing  them 
to  go  to  sleep.  This  Committee  was  organized  in  1903,  and  has  been 
existing  for  13  years.  Some  7  years  ago — 6  years  after  its  original 
formation — it  presented  a  report  which  was  a  divided  report,  the  mi- 
nority report  being  signed  by  four  members  of  the  ten  who  then  formed 
the  Committee.  Since  then,  as  far  as  I  know,  this  Committee  has  not 
reported. 

The  cost  to  the  Society  for  the  various  Special  Committees  has- 
been  growing  by  leaps  and  bounds,  from  $316.93  in  1912  to  $10  188.24 
in  1915,  and  the  Society  cannot  afford  to  allow  these  expenditures  to 
go  on  in  this  way. 

At  the  beginning  of  the  current  year  the  Board  of  Direction,  after 
careful  consideration  of  the  money  available  for  the  work  of  the 
Special  Committees,  appropriated  an  amount  of  $5  000  for  the  aggre- 
gate work  of  the  various  Committees  for  the  current  year. 

The  Board  recognizes  that  the  work  of  these  Special  Committees 
is  of  vital  importance  to  the  best  interests  of  the  Society,  but  at  the 
same  time  feels  that  it  is  necessary  to  make  sure  that  the  expenditure 
of  the  Society's  money  on  these  matters  should  be  limited  to  some 
definite  sum  in  each  year,  and  that  each  Committee  should  present  its 
report  within  a  reasonable  period  after  the  date  of  its  appointment. 

This  particular  Special  Committee  was  instructed  that  printing  of 
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rt'iiorts  Wiit^  to  hf  done  throuKli  the  regular  channels  of  the  Society. 
instead  thereof,  this  Oonnnittee  has  proceeded  individually  and  per- 
sonally to  order  the  printing  of  progress  matter  from  the  printers  for 
a  stim.  which  w(^  are  advised  by  the  printers,  as  it  has  not  come  offici- 
ally to  us.  of  $3  000,  which  the  Board  has  not  appropriated  and  which 
there  is.  apparently,  no  reason  why  it  should  appropriate;  and,  so  far 
as  we  can  ascertain,  this  printing-  is  for  a  progress  report  for  use  of 
members  of  the  Committee,  but  neither  the  Board,  nor  this  meeting 
of  the  Society,  has  received  advice  as  to  the  status  of  this  report. 

The  work  of  this  printing  has  been  reduced  by  the  printers,  as  a 
quotation  to  the  Society,  to  the  sum  of  $1  500. 

If  any  private  corporation  or  private  individuals  carried  on  their 
business  in  this  way,  the  services  of  these  employees  would  soon  be 
terminated.  I,  therefore,  move,  without  any  feeling  in  this  matter, 
without  any  desire  to  prevent  a  proper  discharge  of  the  duties  and 
work  of  this  Committee,  but  in  the  interests  of  this  Society,  the  dis- 
charge of  this  Committee  at  this  time. 

(Motion   duly   seconded.) 

The  Pkesident. — You  have  heard  the  motion,  which  has  been 
seconded.     Are  there  any  remarks? 

Mr.  Swain. — Mr.  President,  since  Mr.  Davies  spoke,  and. the  mo- 
tion was  made,  a  good  many  members  have  come  in,  and  I  would  like 
to  ask,  before  the  vote  is  taken,  if  any  member  of  that  Committee  is 
present. 

The  President. — Are  there  any  members  of  the  Special  Committee 
on  Concrete  and  Reinforced  Concrete  present  ? 

Arthur  N.  Talbot,  M.  Am.  See.  C.  E. — I  am  sorry  I  did  not  get 
in  early  enough  to  hear  more  than  the  last  words  of  the  speaker.  I  am 
a  member  of  that  Committee.  I  have  not  known  of  any  question  of 
the  conduct  of  the  work  of  the  Committee.  I  have  been  told  that  a 
letter  has  been  sent  to  the  Chairman  of  the  Committee  to  the  effect 
that  the  Board  of  Direction  had  requested  the  Committee  to  complete 
its  work  by  July  1st. 

The  Committee  has  held  six  meetings  since  last  October  (twelve 
sessions),  at  which  constructive  work  has  been  done,  and  there  have 
been  many  meetings  of  sub-committees.  The  members  of  these  sub- 
committees have  given  considerable  time  and  also  money  for  their 
expenses  in  doing  work  bearing  on  the  final  report  of  the  Committee. 

I  do  not  know  about  the  expenditures  for  printing.  The  printing 
which  has  been  done,  so  far  as  I  am  aware,  is  the  putting  of  the  report 
in  type  in  its  preliminary  form,  so  that  the  members  might  have  it 
before  them  in  clear  form — a  method  which  was  quite  necessary  in  a 
report  of  this  character,  which  is  not  merely  descriptive,  but  contains 
matter  in  which  slight  changes  and  differences  in  wording  make  a 
considerable  difference  in   meaning. 


436  FORTY-EIGHTH  ANNUAL  CONVENTION     [Society  Affairs. 

This  Committee  has  done  a  good  deal  of  work  throughout  its  life. 
It  was  organized  in  1904.  It  has  made  two  reports ;  and  I  think  it  is 
well  established  that  the  reports  of  this  Committee  have  done  a  very 
great  deal  toward  shaping  the  practice  of  reinforced  concrete  in  this 
country,  and  have  had  a  great  influence,  and  are  recognized  as  being 
works  of  value.  I  am  very  much  astonished  to  hear  that  a  motion 
should  be  made  to  have  this  Committee  discharged.  It  seems  to  me 
that  to  pass  this  would  be  an  injustice  to  the  Committee,  and  that  it 
would  be  done  only  without  a  knowledge  of  the  circumstances  con- 
nected with  its  work. 

J.  N.  Chester,  M.  Am.  Soc.  C.  E. — I  heard  only  the  last  remarks 
of  the  former  speaker.  I  am  not  fainiliar  in  any  detail  with  the  work 
that  this  Committee  has  been  doing,  nor  do  I  know  in  any  way  what 
the  product  will  be  if  the  report  is  printed;  but  I  believe  that  the  per- 
sonnel on  that  Committee  assures  us  of  something  that  is  worth,  not 
only  the  appropriation  asked  for,  but  our  while  to  peruse  and  study 
when  it  comes  into  our  hands. 

There  are  few  engineers  who  are  not  familiar  with  the  extensive 
work  done  by  Professor  Talbot  in  the  laboratories  of  the  University 
of  Illinois,  and  the  value  of  its  pamphlets  and  bulletins  to  the  engi- 
neer; and  for  that  reason  let  me  implore  that  no  such  action  as  con- 
templated by  Mr.  Davies  be  taken.  It  is  not  only  an  insult  to  the 
Committee,  but  it  is  a  disgrace  to  the  Society  to  promulgate  such  a 
thing  at  a  meeting  like  this. 

Mr.  Talbot. — May  I  say  one  word  more  that  I  intended  to  say 
when  I  was  on  my  feet?  A  meeting  of  the  Committee  has  been  called 
at  Atlantic  City  on  Friday  of  this  week,  the  30th  of  June.  It  is 
expected  that  the  work  of  the  Committee  is  in  such  shape  that  it  can 
be  completed  at  that  meeting.  It  has  been  the  purpose  of  the  Com- 
mittee since  last  fall,  to  have  its  work  completed  by  the  summer. 

It  may  be,  of  coursei,  that  some  new  discussion  may  arise  that  will 
not  permit  the  work  to  be  completed  at  that  meeting,  but  it  is  expected 
that  the  report  will  be  finally  finished  then. 

John  A.  Ferguson,  Assoc.  M.  Am.  Soc.  C.  E. — Mr.  President  and 
fellow-members,  what  I  have  to  say  will  be  simple  and  brief.  I  wish 
to  speak  of  the  work  of  this  Committee.  It  has  been  organized  as  the 
parent  committee,  associated  with  conunittees  of  other  associations. 
These  associated  committees  have  not  as  yet  presented  their  reports  to 
their  societies.  .  I  understand  that  they  will  do  so  in  a  very  short  time. 
The  American  Society  for  Testing  Materials  is  to  meet  for  this  pur- 
pose on  Friday  of  this  week.  It  would  appear  that  it  is  not  logical 
for  the  parent  committee  to  make  its  report  until  the  sub-committees 
have  made  theirs  to  the  Committee. 

I  think  that  to.  discharge  this,  the  parent  committee,  before  those 
affiliated  with  it  have  reported  would  be  a  breach  of  faith  with  them, 
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and  it  would  put  our  own  Society  in  the  light  of  being  unable  to  cope 
with  its  internal  affairs.  I  don't  know  all  about  the  working  of  the 
Board  of  Direction  or  of  its  authority  over  the  committees,  but  it 
would  appear  to  me  that  this  Committee  would  be  subject  to  the  will 
of  the  Society.  Should  there  have  been  any  breach  of  the  will  of  the 
Society  or  of  the  Board  of  Direction,  I  would  think  that  it  would  be 
much  wiser  to  deal  directly  with  any  person  so  offending,  and  leave 
the  Committee  and  the  members  of  the  Committee  who  have  not 
offended  in  their  original  standing  with  the  parent  Society  and  the 
other  committees  of  the  Joint  Committee. 

I  know  that  this  Committee  has  been  working  upon  many  things 
for  which  the  engineering  world  has  been  waiting.  I  know  that  it 
has  as  members  very  good  and  eminent  men  well  qualified  to  finish 
this  work. 

I  am  myself  holding  back  the  preparation  of  some  ordinances  of 
which  this  city  is  badly  in  need  until  I  may  know  what  is  to  be  the 
finding  of  this  Committee.  My  situation  becomes  more  acute  through 
every  day's  delay.  As  a  Member  of  this  Society,  I  am  entitled  to 
request  that  the  stress  that  exists  throughout  the  country  in  these 
matters  be  adjusted  as  quickly  as  possible,  by  a  report  of  the  Com- 
mittee, and  that  the  matter  be  not  delayed  by  the  discharge  of  the 
Committee. 

Mr.  Talbot,  the  only  one  of  the  Committee  who  is  here,  is,  I  know, 
strong,  upright,  and  capable,  and  one  of  the  best  engineers  of  the 
country,  and  he  will  not  delay  this  matter  any  more  than  it  is  neces- 
sary in  order  to  get  at  the  bottom  of  the  matter.  I  would  suggest  that 
such  action  as  is  taken  here  support  the  work  of  the  men  of  such 
caliber  as  his.  And  remember  that  every  single  day  spells  some  ad- 
vance in  this  art,  and  it  is  a  very  difficult  matter  to  decide  just  what 
it  is  best  to  do  in  this  whole  problem.  Thus  it  will  be  realized  how 
hard  it  is  to  find  a  stopping  place  so  as  to  make  a  report  that  will  do 
what  we  want  it  to  do. 

The  President. — Any  further  remarks? 

Mr.  Davies. — I  would  like  to  say  one  word  that  arises  out  of  the 
last  speaker's  remarks.  I,  also,  am  a  member  of  the  American  Society 
for  Testing  Materials.  One  of  the  troubles  in  the  present  situation 
appears  to  me  to  rest  in,  what  I  believe  to  be,  the  fact  that  the  interests 
of  the  American  Society  of  Civil  Engineers  are  subordinate  to  other 
committees  co-operating  with  it  in  this  work. 

If  we  cannot  obtain  a  report  from  the  Special  Committee  on  Con- 
crete and  Reinforced  Concrete  now — 13  years  after  the  date  of  its 
appointment — the  only  way  to  defend  the  Board  of  Direction  is  to 
put  the  situation  up  to  the  membership,  as  I  am  doing  now. 

Personally,  I  do  not  care  which  way  you  vote  in  this  matter,  but  I 
do  want  to  put  on  you,  the  members  of  our  Society,  the  onus  of  decid- 
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ing  whether  you  wish  this  Committee  to  fulfill  or  ignore  the  obliga- 
tions which  it  took  upon  itself  13  years  ago,  to  finish  its  investigations 
and  report  to  this  Society. 

Mr.  Talbot. — I,  also,  am  a  member,  of  the  American  Society  for 
Testing  Materials,  a  very  excellent  society,  a  society  which  is  doing  a 
strong  work.  In  some  respects,  I  wish  the  committee  work  of  the 
American  Society  of  Civil  Engineers  was  as  strong,  active,  and  vig- 
orous as  the  committee  work  of  that  society.  The  representatives  of 
the  American  Society  for  Testing  Materials  on  the  Joint  Committee 
on  Concrete  and  Reinforced  Concrete  have  not  been  unduly  active; 
they  are  not  more  active  than  the  membership  from  the  American 
Society  of  Civil  Engineers.  As  a  matter  of  fact,  it  is  the  feeling  of 
the  officers  of  the  American  Society  for  Testing  Materials  that  much 
of  the  work  of  this  Committee  is  outside  of  the  province  of  the  Ameri- 
can Society  for  Testing  Materials,  and  though  they  have  kept  their 
connection  with  the  work,  it  has  been  felt  that  the  part  in  which  that 
society  was  interested  is  connected  with  the  materials,  the  concrete 
as  concrete,  and  the  materials  which  go  to  make  up  the  concrete, 
rather  than  with  features  relating  to  building  ordinances,  the  calcu- 
lations of  stresses,  or  the  requirements  of  design. 

Mr.  Swain. — I  understand  the  situation  is  this.  The  Board  of 
Direction  has  requested  this  Committee  to  submit  its  final  report. 
Professor  Talbot  says  it  was  requested  to  submit  its  final  report  by  the 
end  of  the  month. 

Mr.  Talbot. — So  I  am  informed. 

Mr.  Swain. — The  Committee  contemplates  complying  with  the 
request,  and  expects  to  have  its  report  completed  and  submitted  by  the 
end  of  this  month,  having  its  last  meeting  on  the  30th.  Under  those 
circumstances  it  does  not  seem  to  me  that  it  would  be  quite  proper  for 
this  Society  to  discharge  the  Conmiittee  at  this  time;  and  it  seems  to 
me  that  the  best  form  of  the  motion  wovild  be,  that  upon  the  receipt 
of  the  report  of  the  Committee,  which  is  expected  within  a  few  days, 
the   Committee  be   discharged. 

Mr.  Davies. — I  accept  that  if  Professor  Swain  will  set  some  day 
as  a  date  for  the  termination  of  that  period. 

Mr.  Swain. — I  understand  that  the  Conuuittee  has  been  asked  by 
the  Board  to  submit  its  final  report  by  the  end  of  this  mouth,  and  it 
expects  to  submit  it  by  the  end  of  the  month. 

Mr.  Davies. — Then  I  am  perfectly  willing  to  accept  the  amendment. 

The  President. — You  have  heard  the  motion  as  it  is  amended — — 

A.  Marston,  M.  Am.  Soo.  C.  E. — I  think  that  we  wish  to  uphold 
the  authority  of  the  Board  of  Direction,  but  that  we  do  not  wish  to 
throw  away  the  very  excellent  work  which  this  Committee  bus  been 
performing. 
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I  am  sorry  to  hear  the  criticism  of  the  American  Society  for  Test- 
ing Materials.  That  Society  has  had  similar  troubles  in  connection 
with  the  work  of  this  same  Committee;  and  the  Board  of  Direction  is 
not  alone  in  experiencing  difficulties  of  the  kind  described  to-day.  1 
think  the  difficulties  are  due,  not  to  the  membership  of  the  Committee 
as  a  whole,  but  to  certain  members  of  the  Committee.  In  spite  of  the 
difficulties  mentioned,  the  report  of  the  Committee  should  certainly  be 
received,  printed,  and  circulated  widely. 

Mr.  Talbot. — If  I  may  have  another  word,  I  submit  that  it  is  not 
fair  to  a  Committee,  which  has  given  12  years  of  time  and  which  has 
done  work  through  most  of  those  12  years,  to  discharge  the  Committee 
immediately  upon  the  receipt  of  its  report,  without  giving  the  Com- 
mittee a  chance  to  present  it,  without  giving  a  chance  to  defend  it,  in 
case  there  is  a  minority  report,  as  it  seems  quite  possible  there  may  be, 
from  some  member  of  the  Joint  Committee  not  a  member  of  the 
Special  Committee  of  the  American  Society  of  Civil  Engineers. 

If  there  is  something  connected  with  the  financial  management 
which  is  open  to  question  (and  I  feel  quite  certain  that  the  statements 
made  here  respecting  the  cost  of  printing  the  report  are  in  error),  then 
let  the  Board  of  Direction  take  that  up,  but  do  not  bring  it  before  the 
Society  in  Annual  Convention,  where  there  is  little  opportunity  to 
know  the  status  or  to  discuss  the  situation. 

I  feel  that  to  pass  such  a  motion  as  this  would  be,  to  use  a  common 
expression,  a  slam  at  the  Committee  and  also  at  all  Special  Committees 
of  the  Society. 

Gardner  S.  "Willl\ms,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  we 
are  confronted  with  an  awkward  and  an  unfortunate  situation.  This 
Committee  was  created  before  the  present  regulations  of  the  Board 
regarding  committees  were  promulgated.  It  was  created  by  action  of 
the  Society,  and  is  only  a  creature  of  the  Board  in  so  far  as  the  Board 
has  the  general  direction  of  the  financial  matters  of  the  Society.  If  I 
remember  the  conditions  under  which  it  was  created,  it  could  only  be 
dismissed  by  a  meeting  of  the  Society,  either  at  this  time  or  at  the 
Annual  Business  Meeting.     Am  I  not  correct,  Mr.   Secretary? 

The  Secretary. — I  do  not  know.  I  believe  that  the  original  action 
was  by  the  Society  in  Annual  Meeting  and  that  subsequently  the 
Committee  was  appointed  by  the  Board  of  Direction. 

Mr.  Williams. — But  pursuant  to  the  act  of  the  Society.  Our  Con- 
stitution is  not  altogether  definite  in  these  matters;  but  there  is  fairly 
good  ground,  at  least,  for  the  position  that  if  that  Committee  is  to  be 
dismissed,  it  must  be  dismissed  by  the  Society  and  not  by  the  Board  of 
Direction. 

Now,  we  all  know  niore  or  less  of  the  personnel  of  that  Committee. 
We  know  that  it  has  upon  it  some  of  the  most  eminent  men  in  the 
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Profession,  in  the  particular  branch  involved,  men  against  whom  none 
of  us  could  raise  a  finger.  It  is  a  fact,  however,  as  I  know  from  my 
own  personal  observation,  that  the  Committee  has  not  given  to  the 
Board  of  Direction  the  information  which  the  Board  was  entitled  to 
ask  or  entitled  to  receive.  That  cannot  be  denied  by  any  member  of 
the  Committee  who  is  conversant  with  the  facts.  The  Board  of 
Direction — I  am  not  a  member  of  it  now,  gentlemen — had  no  alterna- 
tive but  to  come  to  you  and  to  ask  you  to  take  this  matter  in  hand. 
Now,  the  Committee  says  it  is  going  to  be  good,  and  I  hope  it  will  be; 
I  believe  it  will  be ;  but  I  think  that  after  this  little  airing  of  the  situa- 
tion it  would  be  better  if  we  were  to  substitute  for  the  motions  before 
the  Society  something  to  the  effect  that  this  Committee  be  given  until 
the  Annual  Meeting  in  January  to  finish  its  report,  and  that  at  that 
time  it  be  discharged. 

I  would  offer  that  as  a  substitute  for  the  motion  that  is  now 
pending. 

The  President. — Are  there  any  further  remarks? 

G.  G.  Underhill,  Assoc.  M.  Am.  Soc.  C.  E. — The  situation  before 
the  Society  is  that  it  would  like  to  get  this  report,  and  would  like  to 
have  everything,  the  treatment  of  the  Committee  and  the  treatment  of 
the  Board,  satisfactory;  and  I  thinli  that  can  be  attained  by  a  further 
amendment  to  the  effect  that  unless  the  Committee  presents  its  report 
by  the  next  Annual  Meeting  that  it  be  discharged.  The  effect  of  such 
action  will  be  that  if,  at  the  next  Annual  Meeting,  the  report  is  pre- 
sented, the  Society  will  then  be  in  a  position  to  accept  it,  and  give  the 
proper  thanks  to  the  Committee  for  its  work;  but  if  the  Committee 
during  the  next  6  months  is  still  delinquent,  it  will  be  so  in  the  face  of 
the  certain  knowledge  that  at  that  time  it  will  be  discharged.  I, 
accordingly,  move  to  amend  the  amendment  before  the  meeting  to  the 
effect  that  unless  the  Special  Committee  on  Concrete  and  Reinforced 
Concrete  presents  its. report  at  the  next  Annual  Meeting,  that  it  be 
discharged. 

Charles  F.  Loweth,  M.  Am.  Soc.  C.  E. — I  hope  the  last  motion 
will  not  prevail.  It  seems  to  me  that  the  Committee  has  had  sufficient 
notice  of  the  action  that  we  take  here.  I  am  quite  in  accord  with  what 
Professor  Underbill  has  said.  I  think  that  we  should  give  the  Com- 
mittee until  the  next  Annual  Meeting  to  bring  in  its  report,  and  that 
if  further  time  is  needed  at  that  time,  that  the  Committee  can  take  it. 
I  hope  that  that  amendment  will  carry. 

(Motion  duly  seconded.) 

Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. — I  think  that  is  the  only 
course  which  the  Society  should  take,  after  what  has  been  said  here 
to-day.  It  gives  ample  notice;  it  is  not  threatening;  but  it  shows  the 
tenor  of  opinion  in  the  Society.  We  are  impatient  to  get  that  valuable 
report,  but  we  cannot  get  any  report  of  value  on  3  or  4  days'  notice. 
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However,  1  think  G  months'  notice  should  be  sufficient,  as  I  understand 
that  the  report  is  about  completed.  We  can  then  take  whatever  action 
is  advisable.     I  second  Mr.  Williams'  motion. 

Mr.  Talbot. — As  there  seems  to  be  no  one  else  here  who  knows 
about  the  work  of  the  Committee,  I  hope  that  I  may  be  permitted  to 
say  one  more  word  concerning^  the  work  of  the  last  two  years. 

At  the  meeting  of  the  Committee  held  in  Baltimore,  at  the  Annual 
Convention  two  years  ago,  the  Committee  decided  to  make  another 
report,  with  the  expectation  that  it  would  be  the  final  report.  Con- 
siderable matter  was  formulated  before  the  time  of  the  meeting,  which 
was  held  in  New  York  last  October,  and  at  that  meeting  it  was  defi- 
nitely voted  to  make  the  report  the  final  report  and  to  ask  the  Society 
that  the  Committee  be  discharged. 

There  was  some  opposition  to  this  action  at  the  beginning,  even 
from  the  officers  of  the  American  Society  of  Civil  Engineers,  because 
it  was  stated  that  with  the  difficulty  in  forming  a  Committee  of  this 
kind  it  would  be  much  better  to  keep  this  Committee  in  existence,  and, 
when  a  further  consideration  of  the  subject  was  needed,  the  work  could 
be  started  again  without  difficulty,  even  with  a  changed  personnel  of 
the   Committee. 

The  Committee,  however,  felt  that  it  was  wiser  that  this  Committee 
should  make  its  report  and  retire,  and  then  when  there  is  need  for 
further  report  upon  this  subject  and  when  further  experience  and 
data  are  available,  a  new  committee  may  be  appointed,  with  a  new 
personnel,  a  new  point  of  view,  and  the  new  committee  would  then 
take  up  the  matter  in  an  entirely  new  way. 

It  may  be  proper  to  say  that,  in  the  last  12  years,  practice  in  rein- 
forced concrete  in  this  country  has  gone  through  a  great  growth  and 
development.  It  was  in  a  chaotic  state  in  1904,  and  the  first  report, 
made  in  1909,  helped  to  modify  practice  in  design  materially  and  to 
unify  the  practice  of  the  country.  The  second  report,  made  in  1912, 
was  a  revision  and  extension  of  the  first. 

The  two  reports  went  far  toward  standardizing  methods  of  calcu- 
lation, principles  of  design,  limits  of  working  stresses,  and  details  of 
construction  among  engineers,  building  departments,  and  architects. 
Although  not  all  the  recommendations  have  been  accepted  in  detail, 
the  reports  have  had  a  strong  influence  on  practice,  and  the  principles 
of  the  reports  have  been  quite  generally  accepted.  It  is  hoped  that  the 
third  report  will  go  still  further  in  giving  the  recommendations  of  the 
Committee  on  the  principles  of  design  for  reinforced  concrete  struc- 
tures. 

A  new  subject  being  treated  in  the  final  report  is  the  flat  slab  type 
of  floor  construction  for  heavy  building  work.  To  show  something  of 
the  time  required  for  formulating  a  report,  a  draft  of  a  chapter,  so- 
called,  on  flat  slab  construction  was  presented  to  the  members  of  the 
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Committee  before  the  October  meeting.  It  was  distributed  to  members 
of  the  Committee  and  to  others  who  were  engaged  in  reinforced  con- 
crete design  and  construction  outside  of  the  Committee,  and  another 
meeting  was  held  in  January,  at  which  there  was  a  wide  divergence 
of  opinion  expressed  as  to  whether  the  method  and  principles  proposed 
were  proper.  I  think  you  would  all  be  surprised  to  know  how  divergent 
were  the  views  held  on  the  action  of  the  flat  slab  structure  and  on  the 
methods  which  should  be  followed  in  its  design.  An  informal  meeting 
of  the  Committee  was  held  at  Chicago  in  February,  at  which  there 
were  present  representatives  of  several  of  the  leading  reinforced  con- 
crete construction  interests,  contractors,  designers  of  so-called  systems, 
and  so  forth;  and  they  presented  their  views,  offered  their  objections, 
and  gave  their  opinions;  they  also  presented  data  on  building  con- 
struction  and  tests  that  took  time  to  be  digested.  The  flat  slab  report 
was  then  modified  by  the  sub-conmaittee  in  May  and  discussed,  and 
was  presented,  modified,  and  extended  at  a  meeting  held  about  a  month 
ago ;  and  that  modified  and  extended  report  is  one  of  the  matters  which 
will  be  considered  at  the  meeting  at  the  end  of  this  week. 

If  a  satisfactory  formulation  of  the  principles  and  methods  of 
design  for  flat  slab  structures  can  be  agreed  to  by  this  Committee,  and 
then  finally  accepted  in  fair  measure  by  the  country,  I  think  a  great 
step  in  advance  will  have  been  made,  and  if  necessary  to  accomplish 
this,  a  delay  of  a  year,  or  even  of  two  years,  in  the  completion  of  the 
report  would  be  compensated  for. 

I  am  not  sure  that  the  diversity  of  views  held  on  some  of  these 
matters  is  appreciated,  or  the  great  differences  among  commercial  and 
building  interests  which  must  properly  be  considered.  I  do  not  believe 
that  you  understand  what  differences  in  view  there  are,  differences 
among  designers  as  to  how  a  structure  acts,  differences  among  various 
interests,  all  of  which  take  time  in  obtaining  agreement  in  action,  or 
there  would  be  no  thought  of  passing  a  motion  such  as  is  proposed  here 
to-day. 

John  Lundie,  M.  Am.  See.  C.  E. — Mr.  President,  I  understand  the 
present  discussion  is  brought  about  because  of  the  fact  that  this  Com- 
mittee is  essentially  a  creature  of  a  Convention  or  of  the  Members  of 
the  Society,  and  not  appointed  by  the  Board  of  Direction.  Now,  why 
would  not  this  be  the  proper  course:  let  the  Convention  turn  back  its 
powers  of  appointment  to  the  Board  of  Direction.  I,  therefore,  make 
a  motion  that  this  whole  matter  be  turned  over  to  the  Board  of  Direc- 
tion with  power  to  act. 

Mr.  Swain. — I  would  like  to  ask  if  Professor  Talbot  has  any  mo- 
tion which  he  would  like  to  suggest  as  covering  the  situation,  which 
he  thoroughly  understands,  as  I  think  we  all  do,  now. 

Mr.  Davies. — I  would  like  to  state  to  Professor  Talbot  that  if  we 
had  had  furnished  to  us  such  information  as  he  has  given,  as  to  the 
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work  of  the  Committee  and  the  difficulties  of  the  Committee  he  repre- 
sents, in  arriving  at  its  report,  we  would  probably  have  felt  differ- 
ently. On  February  10th  last,  I  asked  the  Chairman  of  this  Special 
Committee  what  was  remaining  to  be  done  and  how  long  it  would  take 
to  complete  the  work  of  his  Committee.  There  was  at  that  time  no 
intention  or  desire  to  hurry  the  Committee.  The  reply  then  was  that 
it  was  the  intention  to  issue,  by  July  1st  of  this  year,  a  final  report. 
This  report  has  not  yet  made  its  appearance,  and  that  is  the  reason 
why  it  has  come  up  in  the  way  it  has. 

Mr.  Talbot. — ^Allow  me  to  say  that  I  have  information  from  Mr. 
Worcester,  the  Chairman  of  the  Committee,  that  he  received  from  the 
Chairman  of  the  Committee  on  Special  Committees  of  the  Board  of 
Direction,  word  to  the  effect  that  the  report  received  from  the  Chair- 
man of  the  Committee  on  Concrete  and  Reinforced  Concrete  concern- 
ing its  work  was  the  only  one  received  from  any  committee  of  the 
American  Society  of  Civil  Engineers. 

Mr.  Davies. — That  was  the  budget  asking  for  the  appropriation  of 
$675  plus  $3  000,  which  this  Committee  has  expended  in  the  past  3 
years  and  for  which  the  Board  had  never  made  appropriation.  The 
expenditure  included  $2  000  for  the  Secretary's  salary  and  other 
expenses. 

Mr.  Talbot. — I  do  not  anticipate  trouble  about  the  budget.  The 
financial  statements  have  been  sent  oiit  by  the  Committee  to  its 
members. 

I  wish  to  say  also  that  the  Progress  Report  of  this  Committee,  made 
at  the  Annual  Meeting  in  New  York  last  January,  stated  that  the 
Committee  expected  to  present  its  final  report  this  year. 

Henry  H.  Quimby,  M.  Am,  Soc.  C.  E.— I  hope  that  neither  the 
original  motion  nor  any  of  the  amendments  to  it  will  prevail.  I  think 
that  the  subject  has  been  sufficiently  aired,  and  that  the  most  graceful 
thing  will  be  to  take  no  action  upon  it  here.  I  think  Dr.  Talbot's 
statement  ought  to  be  a  sufficient  explanation  of  everything  that  has 
been  done  or  not  done,  with  the  possible  exception  of  the  financial 
matter  that  Mr.  Davies  has  complained  of;  and  it  does  seem  to  me 
from  what  I  know  of  the  Joint  Committee  work,  although  I  have 
nothing  to  do  with  the  financial  part  of  it,  which  is  being  handled  by 
a  Sub-committee  on  Ways  and  Means,  that  there  must  be  some  mis- 
understanding. I  think  we  did  not  ask  the  American  Society  of  Civil 
Engineers  for  $3  675.  That  amount,  in  my  mind,  is  about  the  total 
that  we  wanted  from  all  the  contributing  societies  together. 

I  am  one  of  the  representatives  of  the  Testing  Materials  Society 
on  the  Joint  Committee.  It  ought  to  be  well  understood  here  that 
the  Special  Committee  of  this  Society  is  acting  with  representatives 
or  corresponding  committees  of  four  other  societies;  and  I  think  that 
the  Special   Committee  of  this  Society  was  given  express  instruction 
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or  authority  so  to  act,  whether  it  was  by  the  Board  of  Direction  or  by 
a  Business  Meeting  of  :the  Society  I  do  not  remember.  At  any  rate, 
their  work  must  necessarily  be  done  together,  and  it  seems  to  me  that 
it  cannot  be  expected  that  any  unit  Committee  can  reasonably  be 
required  under  a  ■  threat  of  dismissal  to  complete  its  work  within  a 
limited  time. 

Since  no  other  member  of  the  Joint  Committee  than  Dr.  Talbot 
has  spoken,  I  feel  as  though  I  ought  to  say  that  what  he  has  told  of 
the  work  of  the  Joint  Committee  is  a  very  moderate  statement  of 
it,  and  especially  of  the  work  of  such  of  the  members  of  that  Com- 
mittee as  represent  this  Society. 

I  think  that  more  of  the  work  of  the  Joint  Committee  has  been 
done  by  Dr.  Talbot  and  his  associates  representing  this  Society  than 
by  the  representatives  of  any  other  single  society  on  the  Joint  Com- 
mittee, and  Mr.  DavieS'  Charge  that  this  Society  is  being  subordinated 
to  other  societies  is  unwarranted.  Also,  nearly  all  the  members  of 
the  Joint  Committee  are  members  of  this  Society.  What  Mr.  Davies 
said  seems  to  me  a  ver^  scant  recognition  of  the  work  of  this  Com- 
mittee. There  has  been  a  lot  of  work  done  and  a  lot  of  expense  paid 
by  the  members  of  the  Committee,  during  the  12  years  of  its  existence. 
Xot  a  year  has  passed  without  several  meetings,  and  this  year  meetings 
are  being  held  monthly. 

The  members  of  the  Committee  have  paid  their  own  railroad  fares 
and  hotel  bills,  and  we  should  not  be  expected  to  pay  also  for  type- 
writing and  printing  and  postage. 

I  think  the  least  this  Convention  can  do  is  to  accept  Professor 
Talbot's  information  regarding  the  work  done  and  to  be  done  as 
constituting  a  satisfactory  progress  report.  As  he  has  -said,  we  are 
programmed  to  meet  at  Atlantic  City  next  Friday,  30th  inst.,  and 
to  continue  in  session  imtil  thie  substance  of  our  final  report  is  defi- 
nitely determined.  This  is  work  that  cannot  be  done  in  a  day.  It  takes 
thought  and  time,  because  the  subject  is  a  large  one. 

I  move,  Mr.  President,  that  the  matter  be  laid  on  the  table. 

(Motion  duly  seconded.) 

The  President. — There  have  been  a  great  many  motions  made; 
some  seconded  and  some  not  seconded.  I  shall  put  the  motion  that 
was  last  made  and  seconded,  that  the  subject  be  laid  on  the  table, 
unless  anybody  wishes  to  make  further  remarks  on  that  subject. 

John  C.  Trautwine,  Jr.,  Assoc.  Am.  Soc.  C.  E. — Mr.  President, 
may  an  Associate  speak  on  this  question? 

Mr.  Williams. — A  motion  to  lay  on  the  table  is  not  debatable.  If 
we  want  to  talk  more  let  us  seek  another  opportunity. 

The  President.— I  put  the  motion  to  lay  on  the  table.  All  in 
favor  say  "aye" ;  contrary-minded,  "no". 
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The  Chair  has  no  doubt.  Unless  objection  is  made  the  Chair 
declares  the  motion  carried.     It  is  carried. 

Is  there  a  report  from  any  other  Special  Committee? 

Is  there  any  new  business  to  bring  before  this  meeting? 

John  A.  Ockerson,  Past-President,  Am.  Soc.  C.  E. — In  response 
to  the  welcome  given  us  this  morning,  I  oflFer  the  following: 

'We  greatly  appreciate  the  cordial  welcome ;  extended  to  us  by  the 
City  of  Pittsburgh  through  its  official  representatives ;:  and  while  the 
interval  between  our  visits  has  been  a  long  one,  we  have  watched  with 
interest  and  pride  the  rapid  development  of  one  of  the  great  industrial 
centers  of  the  world. 

"We  congratulate  the  city  particulairly  on  its  galaxy  of  great  cap- 
tains of  industry,  who  have  contributed  so  much  to  the  development 
and  progress  of  our  whole  country,  and  we  look,  for  even  greater 
achievements  in  the  future. 

"To  the  local  members  of  our  Society,  and  their  associates,  one 
and  all,  we  extend  our  hearty  thanks  for  the  generous  provisions 
made  for  our  entertainment  and  instruction  during  the  Forty-eighth 
Annual  Convention. 

"We  trust  that  we  may  again  have  the  privilege  and  pleasure  of 
enjoying  the  hospitality  of  this  progressive  city." 

Mr.  Williams. — I  second  that  motion.       ; 

The  President. — You  have  heard  the  motion^  .which  is  seconded. 
Are  there  any  remarks?  If  there  are  no  remarks,  I  will  put  the  motion. 
All  in  favor  please  say  "aye";  contrary-minded,  "no".,   It  is  a  vote. 

Is  there  any  further  new  business  to  come  before  this  meeting  ? 

Mr.  Swain. — On  behalf  of  a  Committee  of  the  Board  of  Direction, 
composed  of  Past-President  Ockerson,  Past-President.^ McDonald,  and 
myself,  I  beg  leave  to  submit  the  following  resolution  with  reference 
to  our  lamented  deceased  President : 

"Whereas:  It  has  pleased  the  Almighty,  in  His  Ttifinite  Wisdom, 
to  remove  from  the  scene  of  his  earthly  labors,  Elmer  Lavrrence 
Corthell,  President  of  the  American  Society  of  ■  Civil  Engineers ;  be  it 

"Resolved:  That  the  members  of  the  Society,  in  Annual  Convention 
assembled,  express  their  grief  at. the  loss  of  so :  distinguished  an  Engi- 
neer and  so  lovable  a  Man,  and  their  admiration  for;  his  many  noble 
qualities  of  heart  and  mind.  They  are  thankful  that  he  was  granted 
a  life  so  long,  so  fruitful  for  the  Profession  and  for  'Mankind;  with 
pride  and  pleasant  memories  they  testify  to  his  eminence  as  an 
engineer,  his  enthusiasm  for  the  best  interests  bf  the  Profession,  his 
sterling  character  as  a  man,  his  unswerving  loyalty  as"  a  friend.  With 
saddened  hearts  they  deplore  his  loss,  and  extend  their  deepest  sym- 
pathy to  the  family  so  heavily  bereaved;  with  trust  and  faith  they 
resign  themselves  to  the  will  of  Him  who  doeth  £^11  things  for  the  best. 

"Resolved:  That  these  resolutions  be  transm,itted  to  his  family,  and 
that  a  copy  thereof  be  spread  upon  the  records  of  the  Society." 

I  move  the  adoption  of  these  resolutions. 

(Motion  duly  seconded.) 
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The  President. — Gentlemen,  I  suggest  that  we  vote  on  this  by  a 
rising  vote.     All  in  favor  please  rise. 

(Motion  carried.) 

Is  there  any  new  business  to  come  before  the  Society  ? 

William  N.  Brown,  M.  Am.  Soc.  C.  E. — Mr.  President  and  Gentle- 
men of  the  Society,  I  want  to  bring  to  the  attention  of  the  Society 
a  matter  that  I  think  of  interest  to  engineers,  that  is,  the  matter 
of  Government  competition  in  engineering  along  certain  lines,  thus 
depriving  engineers  of  employment. 

I  think  the  members  of  the  Board,  personally,  have  had  the  matter 
brought  to  their  attention,  and  they  are  taking  action.  I  do  not 
want  to  say  anything,  or  to  ask  for  any  action  that  would  embarrass 
them,  but  I  think  that  a  discussion  of  the  subject,  and  bringing  it 
to  the  attention  of  the  members,  might  do  some  good.  Perhaps  the 
Secretary  could  give  us  some  information  as  to  what  they  are  doing. 

The  Secretary. — The  Secretary  cannot  give  very  much  informa- 
tion. There  was  a  letter  received  by  the  Society  which  complained 
of  interference  by  at  least  one  of  the  Government  departments  or 
bureaus  with  the  work  of  the  private  engineer.  That  matter  was 
referred  to  the  President  of  the  Society,  who  has  taken  it  up  with 
that  bureau,  at  least,  but  nothing  definite  has  been  established  as  yet. 

The  President. — Are  there  any  further  remarks  on  that  subject? 
There  is  no  motion  before  the  house.  If  there  is  any  further  new 
business  to  come  before  the  Society  now  is  the  time  to  present  it. 

The  Secretary. — I  have  one  or  two  announcements  to  make.  With 
regard  to  the  ballots  on  the  question  of  the  proposed  movement  of 
the  Society  Headquarters  from  57th  Street  to  39th  Street,  for  the 
information  of  the  Membership,  and  in  order  to  spread  it  on  the 
minutes  of  the  meeting,  I  will  read  the  report  of  the  tellers,  who 
canvassed  that  ballot,  addressed  to  the  Board  of  Direction.* 

Mr.  President,  I  have  a  list  of  the  persons  elected  by  the  Board 
of  Direction  at  its  meeting  of  June  23d  and  24th,  1916.  There  were 
10  Members,  29  Associate  Members,  and  13  Juniors  elected,  and  18 
Associate  Members  were  transferred  to  the  grade  of  Member  and  9 
Juniors  to  the  grade  of  Associate  Member.  It  would  be  a  great 
pleasure  to  read  those  names,  sir.  if  you  would  like  to  have  it?  Shall 
I  read  them,  sir  ? 

The  President. — If  you  think  proper. 

Hunter  McDonald,  Past-President,  Am.  Soc.  C.  E. — I  move  that 
the  reading  be  dispensed  with. 

(Motion  duly  seconded  and  carried.) 

The  Secretary. — Mr.  President,  I  have  the  following  letter,  which 
I  have  been  asked  to  read  to  this  meeting : 


See  page  458. 


August,  1916.]         I'OUTY-EIGHTH   ANNUAL  CONVENTION  447 

"May  6,  1916. 
"American  Society  of  Civil  Engineers, 
"220  West  57th  Street, 
"New  York,  N".  Y. 

"Dear  Sirs:  In  September  of  this  year  there  will  be  held  in  Phila- 
delphia a  lecture  course  in  illuminating  engineering  which  is  expected 
to  be  of  great  importance  in  promoting  the  lighting  art  as  a  whole, 
nnd  illuminating  engineering  as  a  specialty.  As  this  is  a  matter  of 
far-reaching  importance,  I  take  the  liberty  of  enclosing  herewith  a 
statement  concerning  the  lecture  course,  with  the  request  first,  that 
you  have  an  announcement  made  before  the  meeting  of  your  Society 
which  I  believe  will  take  place  during  Juaie,  and  second,  that  you 
assist  the  project  by  giving  some  publicity  to  it  in  your  Society 
publications. 

"Trusting  that  we  may  be  benefited  by  your  kind  co-operation,  I  am 

"Yours  very  truly, 

"Preston  S.  Millar, 

"Chairman." 

Anybody  interested  may  secure  from  the  Secretary  a  copy  of  the 
programme  of  the  course  of  lectures. 

I  have,  with  regret,  Mr.  Chairman,  to  announce  the  death  of  Charles 
Hopkins  Cartlidge,  of  Chicago,  111.,  elected  Member,  May  4th,  1904; 
died  June  14th,  1916. 

I  have  no  further  announcements  to  make,  sir. 

The  President. — The  Secretary  has  no  further  announcements 
to  make,  but  the  Chairman  of  the  Local  Committee  desires  to  make 
an  announcement  as  to  the  programme. 

George  S.  Davison,  M.  Am.  Soc.  C.  E. — On  behalf  of  the  various 
sub-committees  having  charge  of  the  programme,  I  want  to  impress  on 
you  the  importance  of  immediately  signifying  your  preferences  for 
the  excursions  of  Thursday.  At  the  rear  of  the  hall,  or  near  the  door, 
you  will  find  slips,  upon  which  you  may  record  your  choice.  This  is 
important,  so  that  the  various  committees  may  be  able  to  make  such 
arrangements  as  may  be  necessary. 

I  also  want  again  to  request  those  who  want  tickets  for  the  excur- 
sion to-morrow  and  the  dinner  dance,  to  get  them  at  once;  also 
for  the  automobile  trip  on  Friday,  for  which  there  will  be  no  charge. 

The  committees  in  charge  of  these  three  events  must  order  luncheon 
for  the  parties,  and  as  it  is  desired  to  make  ample  provision,  I  hope 
you  will  assist  these  committees  by  attending  to  the  matter  at  once. 

On  behalf  of  the  Golf  Committee  I  would  say  that  they  have 
posted  a  notice  termed  "Golf  Information"  in  the  Registration  Room; 
but  the  Chairman  desires  me  to  speak  of  the  schedules  of  trains  that 
leave  in  the  morning  for  the  tournament.  He  suggests  that  you 
might  break  up  into  parties  and  not  all  land  at  the  course  at  the 
same  time. 
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He  also  wishes  me  to  read  this  paragraph  from  the  notice:  "Each 
player  wishing  to  enter  this  tournament  should  place  in  the  hands 
of  the  Golf  Committee  his  18-hole  handicap  on  his  home  course, 
also  par  for  the  course,  and  the  length  of  the  course." 

Mr.  Chester,  in  charge  of  the  "57  varieties"  excursion,  asks  me 
to  say  that  he  must  give  the  Heinz  people  notice  to-morrow  morning 
by  9  o'clock  as  to  how  many  will  be  on  the  trip  to  the  Heinz  plant 
on  Thursday.  I  am  mentioning  this  particularly  so  that  you  may 
communicate  this  information  to  the  ladies. 

The  President. — If  there  is  no  further  business  before  the  meeting, 
and  no  further  announcements  to  make,  a  motion  to  adjourn  is  in 
order.     Is  there  any  further  business? 

The  Secretary.— I  move  that  the  Board  of  Direction  be  requested 
to  frame  suitable  resolutions  of  thanks  for  the  courtesies  which  we 
will  receive,  but  for  which  we  cannot  extend  thanks  at  the  present 
moment. 

C.  H.  Keeper,  M.  Am.  Soc.  C.  E. — I  wish  to  say,  as  a  Member  of 
the  Board  of  Direction,  that  I  have  much  pleasure  in  seconding  this 
resolution. 

I  am  sure  that  we  all  feel  very  much  indebted  to  the  Local  Com- 
mittee and  the  Pittsburgh  members  generally,  for  the  opportunities 
they  are  giving  us  in  meeting  here.  There  are,  no  doubt,  many  of 
our  "Brother"  engineers  who,  like  myself,  are  seeing  Pittsburgh  for 
the  first  time.  We,  I  am  sure,  realize  that  in  many  ways  it  is  the 
"Mecca"  where,  as  "Engineering  Pilgrims",  we  have  come  to  the 
place  of  all  places  that  men  of  our  profession  want  to  see  at  some 
time  or  other.  There  is  so  much  provided  for  our  professional 
benefit  and  social  entertainment  by  the  LocaJ.  Committee  that  I  feel 
sure  we  will  be  more  than  satisfied  with  the  choice  of  Pittsburgh  as 
a  Convention  city. 

The  President. — You  have  heard  the  motion.  I  will  repeat  it,  in 
the  language  of  the  brokers,  it  is  a  resolution  to  return  thanks  if,  when, 
and  as  rendered,  when  the  courtesies  are  rendered.  All  in  favor  say 
"aye" ;  contrary-minded,  "no".     It  is  a  vote. 

The  President. — Mr.  Cummings  wishes  to  distribute  certain  cir- 
culars, and  that  is  the  reason  that  the  motion  to  adjourn  is  held  in 
abeyance. 

Allen  Hazen,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  would  like  to 
ask  what  action,  if  any,  has  been  taken  in  regard  to  the  Alfred  Noble 
Memorial. 

The  ,  Secretary. — Mr.  President,  the  Chairman  of  the  Committee 
on  the  Alfred  Noble  Memorial  is  present,  I  think.  Mr.  Bates  might 
say  a  few  words. 
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Onward  Bates.  Past-President,  Am.  Soc.  C.  E. — I  am  very  glad 
that  that  question  has  been  asked,  because  the  Committee  has  found 
that  work  of  this  sort  moves  very  slowly,  and  I  would  not  have  you 
think  that  the  Committee  is  sleeping  on  it.  I  shall  explain  as  well 
as  I  can  the  present  status  of  our  work,  and  will  be  glad  to  answer 
any  questions  about  it. 

In  the  first  place,  the  Committee  had  before  it  the  necessity  of 
procuring  a  site  for  the  Memorial.  I  believe  I  am  right  in  saying 
that  the  resolution  of  the  Board  of  Direction  authorizing  this  Memo- 
rial requires  that  it  shall  be  built  in  the  City  of  Washington,  and 
it  was  necessary  for  us  to  select  a  site  and  to  obtain  Congressional 
approval,  which  was  granted  some  time  during  the  past  winter. 

In  the  next  place,  we  had  to  employ  a  sculptor.  In  October  last 
we  engaged  Mr.  Paul  Bartlett  to  prepare  preliminary  designs  for  the 
Memorial.  Mr.  Bartlett  has  promised  to  attend  a  meeting  of  the 
Conmaittee  which  will  be  held  during  this  Convention,  and  will  then 
submit  plans  and  photographs  of  his  models. 

We  cannot  hurry  work  of  this  character,  and  I  reckon  it  is 
just  as  well  in  this  case,  because  the  last  two  years  has  not  been  a 
good  time  in  which  to  ask  contributions  from  engineers,  and  we 
hope  for  improved  conditions  from  now  on.  It  will  be  in  order,  as 
soon  as  the  Committee  can  adopt  the  design,  to  advise  engineers, 
members  of  this  Society,  and  others,  all  who  honor  the  Profession 
and  who  loved  Alfred  Noble,  of  their  privilege  to  contribute  to  this 
Memorial.  We  will  at  that  time  be  able  to  furnish  a  description  of 
the  proposed  Memorial  and  its  surroundings,  with  illustrations  showing 
its  character,  and  will  then  be  ready  to  receive  the  money  to  pay  for  it. 

Now,  gentlemen,  this  is  a  National  Monument,  and  we  do  not 
expect  that  we  shall  have  to  ask  for  money  for  its  completion.  It 
will  be  a  matter  of  pleasure  and  of  professional  pride  for  us  to  con- 
tribute to  a  National  Engineering  Monument  which  is  dedicated  to 
Alfred  Noble,  and  I  am  sure  that  all  the  money  needed  will  come 
without  effort.  We  have  evidence  of  this,  for  some,  without  waiting 
to  be  asked,  have  already  offered  handsome  contributions.  Speaking 
for  myself,  this  is  the  Engineers'  Monument,  for  all  engineers,  young 
and  old,  each  of  whom  should  have  a  direct  personal  share  in  it. 
and  I  feel  the  same  interest  in  a  small  contribution  from  a  young 
man  just  starting  on  small  salary,  as  in  a  large  gift  from  the  old 
engineers  who  have  been  exceptionally  fortunate  in  their  practice. 

I  hope  the  Committee  will  soon  be  able  to  report  further  progress, 
and  to  accompany  the  reixtrt  with  the  statement  that  the  subscription 
list  is  open.  Now.  if  there  is  anything  I  can  add  I  shall  be  pleased 
to  do  it,  or  to  answer  any  questions. 
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The  Secretary. — Mr.  Bates,  as  Secretary  of  the  Committee,  I 
would  ask  you  to  say  a  word  upon  the  site  that  has  been  selected  and 
approved. 

Mr.  Bates. — I  do  not  know  whether  1  can  make  it  plain  to  you 
just  where  the  site  is.  1  do  not  remember  the  streets  very  well. 
Please  correct  me  if  I  make  a  wrong  statement.  It  is  on  New  York 
Avenue  opposite  the  new  Interior  Building,  which  is  now  under  con- 
struction. It  is  in  form  of  a  rectangle.  I  think  a  good  point  about 
this  site  is  that  it  will  have  to  be  graded,  trees  will  have  to  be  moved, 
and  we  will  have  this  rectangle  block  with  cross-walks  and  diagonal 
walks,  with  the  Memorial  in  the  center,  and  the  shrubbery  adjusted 
for  artistic  effect.  The  trees  are  old,  and  it  is  just  as  well  for  us 
to  have  new  trees  put  in  to  suit  the  general  arrangement. 

The  Committee  has  been  fortunate  in  having  as  a  member  Col. 
Harts,  who  is  Superintendent  of  Buildings  and  Grounds,  and  is  also 
Secretary  of  the  National  Fine  Arts  Commission,  to  which  our  plans 
must  be  submitted  for  approval. 

A  Member. — What  form  will  this  memorial  take? 

Mr.  Bates. — I  am  sorry  I  cannot  tell  you,  because  the  sculptor  has 
not  kept  us  in  touch  with  what  he  is  doing.  We  will  consider  the 
question  of  form  at  the  meeting  of  the  Committee  which  is  to  be  held 
during  this  Convention.  I  may  say  this,  that  the  Committee  is  not 
at  present  committed  to  any  form. 

The  Secretary. — I  think  it  might  be  well  to  say  that  the  Com- 
mittee has  decided  that  it  shall  not  be  in  the  form  of  a  statue. 

Mr.  Bates. — I  believe  it  is  not  to  be  a  picture  statue. 

The  Secretary. — It  will  be  symbolic  in  some  way  or  other. 

Henry  Goldmark^  M.  Am.  Soc.  C.  E. — I  think  there  is  no  doubt 
that  there  has  been  a  great  deal  of  sculpture  erected,  in  both  New 
York  and  Washington,  that  is  not  good,  artistically.  It  would  be 
very  desirable,  I  think,  that  anything  that  is  built  to  honor  Mr. 
Noble  should  be  the  best  of  its  kind;  I,  therefore,  hope  that  every  effort 
will  be  made  to  get  a  memorial  that  will  be  absolutely  of  a  high  order; 
that  there  shall  be  no  mistakes  made,  as  there  have  been  with  the 
best  of  intentions  in  the  case  of  many  monuments,  even  some  quite 
recently  built  in  our  larger  cities. 

Mr.  Bates.— I  can  only  say  that  the  Committee  is  seeking  the  best 
professional  advice  it  can  get.  The  Chairman  is  not  an  artist  him- 
self, but  he  is  accustomed  to  weighing  evidence. 

The  Secretary. — Mr.  President,  it  is  necessary  when  you  put  up 
a  monument,  not  only  to  have  a  sculptor  but  an  architect.  I  can 
say  that  the  Committee  has  the  advice  of  the  very  best  talent  in  both 
of  those  lines,  and  that  the  slow  progress  of  the  Committee  is  not  due 
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to  the  fact  that  it  did  not  want  to  hurry  this  matter,  but  that  it  could 
not  do  it  any  faster. 

The  Committee  hopes,  in  a  very  few  months,  to  place  a  design 
before  the  Profession  that  will  be  accepted,  and  it  does  not  doubt 
that  it  will  be  able  to  do  so. 

The  President. — As  far  as  the  Chairman  is  informed,  the  motion 
to  adjourn  is  now  in  order. 

Mr.  Williams. — I  move  wo  adjourn. 

(Motion  duly  seconded.) 

The  President. — It  has  been  moved  and  secronded  that  we  adjourn. 
All  in  favor  say  '\ve";  contrary-minded,  "no".     It  is  a  vote. 
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FORTY-EIGHTH  ANNUAL  CONVENTION 
EXCURSIONS  AND    ENTERTAINMENTS 


The  arrangements  were  in  the  hands  of  the  following  Local 
Committee : 

George  S.  Davison,  Chairman ; 
J.  A.  Atwood,  D.  W.  McNaugher, 

ROBT.    A.    CUMMINGS,  EmIL    SwENSSON, 

Richard  Khuen,  E.  B.  Taylor, 

Morris  Knowles,  Wm.  Glyde  Wilkins, 

Paul  L.  Wolfel. 

Ladies   Fxcursion 

Tuesday,  June  27th,  1916. — 2  P.  M. — The  visiting  ladies  were  the 
guests  of  the  Ladies  General  Committee  on  a  special  trolley  trip  to 
the  East  End,  and  for  a  general  view  of  the  city.  The  trip  was  very 
enjoyable,  and  was  attended  by  87  ladies.  During  the  trip  the  ladies 
were  the  guests  of  Mr.  H.  J.  Heinz  at  his  East  End  residence,  where 
they  were  afforded  an  opportunity  to  inspect  his  collection  of  curios. 

Dinner   Dance 

Tuesday,  June  27th. — 7  P.  M. — A  Dinner  Dance,  attended  by  262 
Members  and  guests,  was  held  in  the  ball  room  of  the  William  Penn 
Hotel;  dancing  was  informal. 

River    Excursion 

Wednesday,  June  28th. — The  day  was  devoted  to  a  River  Excursion. 
The  party  left  at  9  A.  M.  by  special  train  from  the  Pennsylvania  Station 
to  Lock  No.  4  on  the  Monongahela  River,  where  it  embarked  on  the 
Steamer  Sunshine.  Lvmcheon  was  served  on  the  steamer,  and  the 
trip  was  made  down  the  river  to  Pittsburgh.  While  the  steamer  was 
at  Lock  No.  3,  the  Chittenden  Drum  Weir  was  operated  for  the  benefit 
of  the  party,  through  the  courtesy  of  Col.  F.  R.  Shunk,  Corps,  of 
Engineers,  U.  S.  A.  There  was  informal  dancing  on  the  boat,  and 
324  persons  attended. 

Excursions  to  Industrial  Plants 

Thursday,  June  29th. — Twelve  parties  were  made  up  to  visit  the 
following  plants:  Carnegie  Steel  Co.,  McClintic-Marshall  Construction 
Co.,  Rankin  Plant,  Universal  Portland  Cement  Company's  plant  at 
Universal,  National  Tube  Co.,  McKeesport  Plant,  Armstrong  Cork  Co., 
H.  J.  Heinz  Co.,  U.  S.  Bureau  of  Mines  and  Bureau  of  Standards, 
American  Bridge  Co.,  Ambridge  Plant,  Baltimore  and  Ohio  Improve- 
ments, 33d  Street  Elevation,  Carnegie  School  of  Technology,  Mellon 
Institute  of  Industrial  Research  and  Laboratories  of  the  University  of 


August,  191d.J         FORTY-EIGHTH   ANNUAL  CONVENTION  453 

Pittsburgh,  and  Filtration  Plant  of  the  Pittsburgh  Water  Department. 
The  foregoing  works  were  visited  by  parties  varying  in  numbers  from 
9  to  65. 

President's  Reception  and    Ball 

Thursday,  June  29th.— 8.30  P.  il/.— Three  hundred  and  fifty-five 
Members  and  guests  attended  this  ball.  They  were  received  by  Presi- 
dent and  Mrs.  Herschel  assisted  by  other  officers  of  the  Society  and 
their  wives.  The  evening  was  a  most  enjoyable  one,  and  dancing 
was  kept  up  until  a  late  hour. 

Qolf   Tournament 

Friday,  June  30th. — The  Golf  Tournament  was  participated  in  by 
a  number  of  Members  and  guests  of  the  Society,  and  was  held  at  the 
Oakmont  Country  Club,  which  had  courteously  placed  its  Course  and 
Club  House  at  the  disposal  of  those  in  attendance  at  the  Convention. 
The  tournament  was  an  all-day  aifair,  36  holes  being  played  for  four 
trophies  presented  by  the  Local  Committee. 

Automobile  Drive 

Friday,  June  30th. — 10  A.  M. — Members  and  guests  not  participat- 
ing in  the  golf  tournament  left  the  William  Penn  Hotel  in  special 
automobiles  for  a  50-mile  drive  through  the  country.  The  party 
stopped  for  luncheon  at  the  Oakmont  Country  Club,  where  the  golf 
tournament  was  being  held,  and  returned  to  the  hotel  about  5  P.  M. 
This  was  a  large  party,  consisting  of  253  Members  and  guests. 

Smoker 

Friday,  June  30th.— 8  P.  M. — The  Engineers'  Society  of  Western 
Pennsylvania  tendered  a  "Smoker"  to  the  Members  of  the  Society  and 
their  guests,  in  the  ball  room  of  the  William  Penn  Hotel.  An  inter- 
esting and  amusing  entertainment  of  music  and  vaudeville  was  pre- 
sented, and  the  evening  was  a  great  success.     The  attendance  was  525. 

Attendance 

The  following  323  Members  were  in  attendance.  There  were  also 
present  191  ladies  and  others  of  the  families  of  members. 

Adams,  W.   H Detroit,.  Mich.  Atwood,    J.    A Pittsburgh,   Pa. 

Affelder,  L.  J Pittsburgh,  Pa. 

Africa,  J.  M.  ..  .Himtingdon,  Pa.  Babcock,  W.  S New  York  City 

Allen,  Kenneth. .  .New  York  City  Baker,  I.  O Urbana,  111. 

Alvord,   J.   W Chicago,  111.  Baker,  J.  J Johnstown,  Pa. 

Ammann,  O.  H. .  .New  York  City  Baldwin,   A.   S Chicago,   111. 

Anderson,  J.  H. .  .Pittsburgh,  Pa.  Ball,   C.   B Chicago,  111. 

Atkinson,   Asher,  Banks,  J.  E Ambridge,  Pa. 

New   Brunswick,    N.    J.  Bates,    Onward Chicago,    HI. 
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Beach,   L.   H.  . .  .Cineinuati,   Ohio    Collins,   C  P Johnstown,  Pa. 

Beard,   V.    D Pittsburgh,    Pa.  Connor,  E.  H.Leavenworth,  Kans. 

Beebe,  J.   C Dayton,   Ohio  Constant,  i\  H.  .  .Princeton,  N.  J. 

Begg,  E.   B.   H.  .Blacksbiirg,   Va.  Cooley,  M.  E.  .Ann  Arbor,  Mich. 

Beggs,   G.   E Princeton,   N.   J.    Covell,   V.   R Pittsburgh,   Pa. 

Bensel,  J.  A New  York  City    Crellin,   E.   W Pittsburgh,   Pa. 

Bigelow,  E.  M.  ..  .Pittsburgh,  Pa.    Crocker,  H.   S Denver,  Colo. 

Blackford,  F.  W.  .Columbus,  Ohio  Cummings,  R.  A.  .Pittsburgh,  Pa. 

Blickle,   H.   R Pittsburgh,  Pa.  Cushing,  W.  C. .  .Pittsburgh,  Pa. 

Blum,   L.   P Pittsburgh,   Pa. 

Boardman,  C.  S... Buffalo,  N.  Y.   Da  Lee,  W.  A Pittsburgh,  Pa. 

Bonteeou,  Daniel,  Dambach,  W.  N.  .Pittsburgh,  Pa. 

Kansas  City,  Mo.  Danzilli,  A.  M ....  Pittsburgh,  Pa. 

Booth,  A.  A Spokane,  Wash.   Davies,  J.  Y New  York  City 

Boyd,  W.  C Pittsburgh,  Pa.  Davis,  A.  P ...  Washington,  D.  C. 

Brady,  S.  D Fairmont,  W.  Ya.   Davis,  D.  E Pittsburgh,  Pa. 

Bringhurst,  H.  M.Pittsburgh,  Pa.    Davis,  Meyer Pittsburgh,  Pa. 

Brower,  L  C Evanston,  111.  Davison,  A.  S.  ..  .Pittsburgh,  Pa. 

Brown,  N.  F Pittsburgh,  Pa.   Davison,  G.  S Pittsburgh,  Pa. 

Brown,  W.  N.  .Washington,  D.  C.  de  Mey,  E.  J.  B.  .Pittsburgh,  Pa. 

Brown,  W.   P ....  Cleveland,   Ohio  Demorest,   G.   M.  .Pittsburgh,   Pa^ 

Bryant,  B.  H New  York  City  Develin,  R.   G.  .Philadelphia,  Pa. 

Bryson,  Andrew.  New  Castle,  Del.  De  You,  J.  L ....  Pittsburgh,  Pa. 

Buckwalter,   H.   D.,  Deyo,  S.  L.  F New  York  City 

Harrisburg,   Pa.   Dibert,  H.  M Troy,  N.  Y. 

Burden,    Morton.  .Pittsburgh,    Pa.    Didier,    Paul Pittsburgh,    Pa. 

Burns,  C.  S.... Kansas  City,  Mo.  Dilworth,  E.   C. .  .Pittsbiirgh,  Pa. 

Bush,   H.   D Baltimore,  Md.   Doane,  W.  A Meadville,  Pa. 

Bush,  Lincoln. ..  .New  York  City  Donley,  W.  M ....  Pittsburgh,  Pa. 

Byers,   B.   B.   F.  .Pittsburgh,   Pa.   Duis,  F.  B Wheeling,  W.  Ya. 

Dunnells,  C.  G. .  .Pittsburgh,  Pa. 

Campbell,  C.  C  Philadelphia,  Pa.  Duryea,  Edwin,  Jr., 

Cappelen,  F.  W.,  San   Francisco,   Cal. 
Minneapolis,   Minn. 

Casani,  A.  A Pittsburgh,  Pa.    Earl,  G.  G New  Orleans,  La. 

Case,  G.  W Pittsburgh,   Pa.   Emanuel,  M.  C Erie,  Pa 

Chandler,  E.  F.University,  N.  Dak.  Emerson,  C.  A.,  Jr., 

Chase,  C.  E Pittsburgh,  Pa.  Harrisburg,  Pa. 

Chester,   J.   N Pittsburgh,  Pa.  Endicott,  M.  T., 

Christie,  H.  L Pittsburgh,  Pa.  Washington,  D.  C. 

Christy,   G.    L Pittsburgh,   Pa.    Ericson,   E.   G Pittsburgh,   Pa. 

Churchill,   C.    S.... Roanoke,  Ya. 

Claybaugh,  H.  W. .  .Franklin,  Pa.  Farnham,  Robert, 

Coe,  C.  S St.  Augustine,  Fla.  Philadelphia,   Pa. 

Collier.  B.  C Allentown.  Pa.  Farrington,  H.  P. New  York  City 
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Farris,  John Pittsburgh,  Fa.  Haupt,  Edward Chicago,  111. 

Ferguson.  J.  A.  .  .Pittsburgh,  Pa.  Hawley,  J.  B...Fort  Worth,  Tex. 

Fickes,   E.    S Pittsburgh,   Pa.  Hawley,  W.   C.  .Wilkinsburg,  Pa. 

Fisher,  E.  A. . .  .Eochester,  N.  Y.  Hay  dock,   Charles, 

Fisher,  S.  B Parsons,  Kans.  Philadelphia,  Pa. 

FitzGerald,   C.   C.  .Havana,   Cuba  Hazen,  Allen New  York  City 

Fleming.  Thomas,  Jr.,  Heerlein,  K.  W ...  Pittsburgh,  Pa. 

Pittsburgh,    Pa.  Heinonen,  H.  J.  .Canonsburg,  Pa. 

Fort,  E.  J Brooklyn,  N.  Y.  Hench,  N.  M Pittsburgh,  Pa. 

Foss,  F.  E New  York  City  Henderson,  A.  A.  .Pittsburgh,  Pa. 

Foster,   E.   H....New  York  City  Herschel,  Clemens, 

Fox,   C.   L Wilkinsburg,  Pa.  New  York  City 

Freeman,  J.  R.  .Providence,  R.  I.  Hess,   E.   W Clearfield,   Pa. 

Frick,  Walter Lewisburg,  Pa.  Hiles,  E.  K Pittsburgh,  Pa. 

Fuller,  G.  W New  York  City  Hopkins,  N.  F.' ..  .Pittsburgh,  Pa. 

n   -n     J     a     n     t)i,-i   j  i  i,-      t>  Howes,  B.  A New  York  City 

Graillard,   b.   G.  .Philadelphia,  Pa.  -rr  ,  i    n    /-,     o         tdv^  u       u    -d 

_    ,,      '       _         „  .„      '   -  .  Hubbell,  G.   S.  ..  .Pittsburgh,  Pa. 

Geddes,  D.   i . . .  .ZanesviUe,  Ohio  -rr  j         t  ■n-i.j.  i.       ^     -n 

^., ,      '        ,  -n..  .  1        1     T^  Hudson,  Leo Pittsburgh,  Pa. 

Gibbs,  E.  A Pittsburgh,  Pa.  -rr     ,         t    xxt  tti  •      t> 

r^-rc     J    /^     -n         at        ^-    i     n-^  Hughes,  J.  W Erie,  Pa. 

Gifford,  G.  E New  lork  City  t-.  .       ^    /-<  -d  ji:    j    -d 

r^   js         i?j       J     X.-**  1        V,    x>  Hulse,  S.  C Bedford,  Pa. 

Godfrey,  Edward.  .Pittsburgh,  Pa.  tt         i  -rv    /^     t      •    ^        tt 

n   j£         n  IT       x>i,-i   J  1  1,-      T>  Humphreys,  D.  C.  .Lexington,  Va. 

Godfrey,  Hollis.  .Philadelphia,  Pa.  tt      ,     m,     i       ttt 

^  ,,        ,     -rr  T.T        -tr    1    v.-,  Hunt.   Charlcs    Warren, 

Goldmark,  Henry.rJew   York  City  t.-t        -^^    ,    ^.^ 

/^     J    •       T    T\       ■D-4.4.  v       I,     T.  ^^w  York   City 

Goodwin,   1.    D. .  .Pittsburgh,    Pa.  -rr     i,      j    r^    nr       td-^j.  u       i.    n 

^     ,        '        _  *=   '  Husband.  C.  M.  .  .Pittsburgh,  Pa. 

Grafton,    C.   E., 

New  Cumberland,  W.  Va.  t     •      t3-  t.     j         t>-^x  t.       i,    n 

_  ^    -.r  T.       •  1  T>    T  Irvm.  Kichard.  ..  .Pittsburgh,  Pa. 

Gray,  S.  M Providence,  K.  1. 

Gregory   W^B.. New  Orleans,  La.  ^^^^^^^^   g    W. .  .Pittsburgh,   Pa. 

Groat,    B.    F.  .     .Pittsburgh,    Pa.  ^^^^^^  ^    ^ g^    ^^^.^^  ^^ 

Gudmundsson,  Gish,  t  t       xt.       •dt.-i   j  i  i,-      -o 

-r,',  ,        ,      -r,  Jones,  Jonathan.  Philadelphia,  Pa. 

Pittsburgh,   Pa.  j^^^^^^  J    ^ Pittsburgh.  Pa. 

Haggart,   C.   N ...  Pittsburgh,   Pa.  Joyce,  W.  E., 

Hall,  W.  M.  .Parkersburg,  W.  Va.  Montreal,  Que.,  Canada 

Hammatt,  W.  C,  Judd,  W.  M Pittsburgh,  Pa. 

San  Francisco,  Cal. 

Hammond,  G.  T.  .Brooklyn,  N.  Y.  Keefe,  D.   A Athens,   Pa. 

Hansel,   Charles.  .New  York  City  Keefer,  C.  H., 

Haring,  J.  S Crafton,  Pa.  Ottawa,  Ont.,  Canada 

Harlan,  C.  H Pittsburgh,  Pa.  Ketchum,   M.    S... Boulder,    Colo. 

Harshbarger,  E.  D.Pittsburgh,  Pa.  Khuen,  Richard.  ..Pittsburgh,  Pa. 

Harvey,   C.   K.  ..  .Pittsburgh,   Pa.  Kinney,   W.   M Chicago,  111. 

Haskell,  E.  E Ithaca,  N.  Y.  Knoch,  J.  J Fayetteville,  Ark. 

Haslam,    E.    E ....  Greenville,    Pa.  Knowles,   Morris.  .Pittsburgh,   Pa. 

Hatt,   W.   K La   Fayette,   Ind.  Knox,  S.  B New  York  City 

Hatton.  T.  C.  ..  .Milwaukee,  Wis.  Knutson.  G.  H.  ..  .Jackson.  Mich. 
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Landreth,  O.  H.,  Marx,   C.  D., 

Schenectady,  iST.  Y.        Stanford  University  P.  O.,  Cal. 

Lantz,   C.  I.MorgantovvTi,  W.   Va.   Mehren,  E.  J New  York  City 

Lathrop,  J.   C Columbus,  Ohio   Merrill,    F.    S Pittsburgh,    Pa. 

Laub,  Hermann.  .  .Pittsburgh,  Pa.   Metzger,   F.   L ....  Pittsburgh,  Pa. 

Layfield,  E.  N Chicago,  111.   Miller,   H.   B Pittsburgh,   Pa. 

Lay  ton,  H.  F Pittsburgh,  Pa.   Mitchell,    S.   P.  .Philadelphia,  Pa. 

Lee,  A.  L Ambridge,  Pa.   Mogensen,  O.  E.  .New  York  City 

Leeper,  J.  B Pittsburgh,  Pa.   Morse,   C.  M Buffalo,  N.   Y. 

Leisen,  T.  A Detroit,  Mich.   Morse,  E.  Iv Pittsburgh,  Pa. 

Lewis,   H.   M Brooklyn,  K   Y.   Mott,   W.   E Pittsburgh,   Pa. 

Lewis,  N.  P New  York  City   Munn,  H.  T Pittsburgh,  Pa. 

Lex,  W.  I Philadelphia,  Pa. 

Linton,  Harvey Altoona,  Pa.   Neeld,  C.  M Pittsburgh,  Pa. 

Lockwood,  J.  B.  C.Portland,  Ore.   Neff,  F.  H Cleveland,  Ohio 

Loewenstein,  Jacob,  Neilson,  G.  H Braeburn,  Pa. 

New  York   City   Norcross,  P.  H Atlanta,  Ga. 

Long,  C.  E Pittsburgh,  Pa. 

Loomis,   Horace.  .New  York   City   Ockerson,  J.  A....  St.  Louis,  Mo. 

Low,   Emile Buffalo,   N.   Y.   O'Connor,  J.  A Albany,  N.  Y. 

Loweth,  C.  F Chicago,  111.   Orr,  D.  K Brownsville,  Pa. 

Lowinson,  Oscar.  .New  York  City   Osborn,    K.    H ...  Cleveland,    Ohio 

Lucas,  G.  L New  York  City 

Lundie,  John New  York  City  Parker,  D.  J.  . . .  .Pittsburgh,  Pa. 

Lyon,  F.  W Pittsburgh,  Pa.   Pegram,  G.  H New  York  City 

Pendergrass,   R.   A., 

Machen,  H.  B New  York  City  Pittsburgh,    Pa. 

MacMinn,  Robert . Pittsburgh,  Pa.   Perkins,  W.  W.  C.Conneaut,  Ohio 
McDonald,   Hunter,  Phelps,  E.  B.  .Washington,  D.  C. 

Nashville,  Tenn.   Porter,   H.    T Greenville,   Pa. 

McGee,  R.  K Pittsburgh,  Pa.   Potter,  Alexander, 

McGrew,  A.  B Pittsburgh,  Pa.  New  York   City 

McHose,  K.  W.  .Wilkinsburg,  Pa.   Prichard,   H.   S. .  .Pittsburgh,  Pa. 

McKibben,   H.   S... Warren,   Ohio 

McLain,  L.  R.St.  Augustine,  Fla.    Querbach,   Earl.  ..  .Ambridge,   Pa. 

McNary,  J.  V Harrisburg,  Pa.   Quick,  R.   S Pittsburgh,  Pa. 

McNaugher,   D.   W.,  Quimby,  H.  H.  .Philadelphia,  Pa. 

Pittsburgh,    Pa.   Quincy,  Edmund.  .New  York  City 
Maitland,  Alex.,  Jr., 

Kansas  City,  Mo.  Rankin,  H.  H.  ..  .Pittsburgh,  Pa. 
Mangold,  J.  F .  . .  . Grinnell,  Iowa  Raymer,  A.  R.  ..  .Pittsburgh,  Pa. 
Manning,  R.  G ....  Ambridge,  Pa.   Reppert,  C.  M ....  Pittsburgh,  Pa. 

Marston,  Anson Ames,  Iowa   Reynders,  J.  V.  W.New  York  City 

Martin,   D.   H.,  Rice,  J.  M.  T Pittsburgh,  Pa. 

Port  Robinson,  Ont.,  Canada  Ridgway,  Robert.  .New  York  City 
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Rie^ler,   L.  J Pittsburgh,  Pa.    Tinker,   G.   H Cleveland,   Ohio 

Rights,  L.  D New  York  City    Tinkham,  S.  E Boston,  Mass. 

Rollins,  J.  W.,  Jr.  .Boston,  Mass.  Titsworth,  R.  B. .  .Edgewood,  Pa. 

Royal,  J.  N Pittsburgh,  Pa.   Todd,  C.  L Pittsburgh,  Pa. 

Rue,  M.  A New  York  City  Tolman,  E.  M.Charleston,  W.  Va. 

Rust,  H.  B Pittsburgh,  Pa.  Townsend,  C.  McD., 

St.  Louis,   Mo. 

Safford,  H.   R.,  Trautwine,  J.  C,  Jr., 

Montreal,   Que.,   Canada  Philadelphia,  Pa. 

Sax,  P.  M Philadelphia,  Pa.  Triest,   W.   G....New  York   City 

Scaife,  W.  L Pittsburgh,  Pa.    Tuttle,  A.   S New  York  City 

Schade,  C.  G Pittsburgh,  Pa. 

Scharff,  M.  R Pittsburgh,  Pa.   TJnderhill,  G.  G Albany,  N.  Y. 

Schein,  Nathan. .  .Pittsburgh,  Pa. 

Schlumpf,   O.   L . .  . Sewickley,   Pa.  Van  Ornum,  J.  L.  .St.  Louis,  Mo. 

Scott,  Guy Fort  Wayne,  Ind. 

Seaman,  H.  B New  York  City  Waddell,  J.  A.  L.Kansas  City,  Mo. 

Shoemaker,  L.  H.  .Pittsburgh,  Pa.  Walker,  J.  W.  .Port  Kennedy,  Pa. 

Sickman,   A.    F .  . .  Holyoke,   Mass.  Watters,   G.   L., 

Simpson,  G.   H ...  Pittsburgh,  Pa.  South  Bethlehem,  Pa. 

Skinner,   J.   F.  .Rochester,   N.   Y.   Weiss,  H.   O New  York  City 

Slater,  W.   A Urbana,   111.  Weller,  F.  R.  .Washington,  D.  C. 

Smith,  J.  R Braddock,  Pa.   White,  T.  S Beaver  Falls,  Pa. 

Smith,  J.  Waldo.  .New  York  City  Whitney,  J.  T.  . Steubenville,  Ohio 

Snow,   F.    H Harrisburg,   Pa.    Wilcox,   C.  L Pittsburgh,   Pa. 

Sortore,   A.    E.  ..  .Pittsburgh,   Pa.  Wilcox,  Frank ....  Pittsburgh,  Pa. 

Sprague,  E.  M ...  Cleveland,   Ohio  Wilkerson,   T.   J ..  Pittsburgh,   Pa. 

Sprague,  N.  S Pittsburgh,  Pa.   Wilkins,  W.  G Pittsburgh,  Pa. 

Stevenson,   J.   D.  .Pittsburgh,   Pa.  Williams,  G.  S.  .Ann  Arbor,  Mich. 

Strachan,  Joseph. Brooklyn,  N.  Y.  Williams,   Marshall, 

Straub,    T.    A Pittsburgh,    Pa.  Pittsburgh,  Pa. 

Summers,  R.  E.   J.,  Williams,  S.  D.,  Jr., 

Wilkinsburg,   Pa.  St.   Thomas,   Ont.,    Canada 

Swain,  G.  F Boston,  Mass.  Williamson,    C.    S... Chicago,   111. 

Swensson,  Emil. .  .Pittsburgh,  Pa.  Willoughby,  J.  E., 

Swensson,  O.  J Troy,  N.  Y.  Wilmington,    N.    C. 

Wilson,  H.  M Pittsburgh,  Pa. 

Talbot,   A.   N Urbana,   111.    Wolfel,   P.   L Pittsburgh,   Pa. 

Talbot,   K.    H Pittsburgh,   Pa.  Woodworth,  R.  B.Pittsburgh,  Pa. 

Tarr,  C.  W Oakdale,  Pa.  Wooldridge,  C.  L.Pittsburgh,  Pa. 

Taylor,   B.   H Pittsburgh,   Pa.  Wuest,  Charles,  Jr., 

Taylor,  E.  B Pittsburgh,  Pa.  Cincinnati,    Ohio 

Taylor,   G.   L Pittsburgh,   Pa. 

Taylor,    S.    A.  ..  .Pittsburgh,    Pa.   Yappen,   Adolph Chicago,   111. 

Thayer.   H.   R Pittsburgh,  Pa. 

Thorley,  I.  O Denver,  Colo.  Zearley,  E.  L. .  . .  .Uniontown,  Pa. 
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SOCIETY  ITEMS  OF  INTEREST 

CHANGE  OF  SOCIETY  HEADQUARTERS 

Canvass  of  Ballots  on  Movement  of  Society  Headquarters 

Report  of  the  Tellers 

Board  of  Direction 

American  Society  of  Civil  Engineers: 

The  Tellers  appointed  to  canvass  the  ballots  on  the  Proposed  Change 
of  Society  Headquarters  report  as  follows: 

Total  number  of  ballots  received 3  027 

Ballots  from  members  in  arrears  of  dues 42 

"       without  signatures  12 

"       stamped,   not   signed 10 

Number  of  ballots  not  canvassed 64 

Number  of  ballots  canvassed 2  963 

(1)  Shall  the  American  Society  of  Civil 

Engineers  accept  one  of  the  offers 
made  in  behalf  of  the  American 
Institute  of  Mining  Engineers,  the 
American  Society  of  Mechanical 
Engineers,  and  the  American  In- 
stitute of  Electrical  Engineers.  Majority 
through  the  United  Engineerina'  Yes  2  500 
Society?                                                       No       390     2 110  In  favor. 

(2)  If  the  result  of  this  ballot  is  in  the 

affirmative : 

(a)  Do    you    favor    Plan    "A"    as     Yes  1096 

outlined?  No       248        848  In  favor. 

(5)  Do  you  favor  Plan  "B"  as  out-     Yes      194 

lined?  No       695        501  Against. 

(c)  Do  you  favor  leaving  the  ques- 
tion of  the  plan  to  be  accepted 
in  the  hands  of  the  Board  of     Yes  1  795 
Direction?  No       524     1271  In  favor. 

Arthur  S.  Tgttle, 
Lincoln  Bush, 
J.  V.  Davies, 
Clemens  Herschel, 
Chas.   Warren   Hunt, 
June  15th.  1916.  Tellers. 
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Resolutions  Adopted  by  the  Board  of  Direction  of  the 
American  Society  of  Civil  Engineers,  June  23d,  1916 

Whereas,  the  following  resolution,  was  passed  by  the  Trustees  of 
United  Engineering  Society  on  June  24th,  1915,  to  wit: 

"Resolved,  That  out  of  its  desire  to  welcome  the  American 
"Society  of  Civil  Engineers  into  the  fraternity  of  the  Founder 
"Societies  and  with  a  sense  of  the  increased  dignity  and  use- 
"fulness  to  the  engineering  profession  which  this  adherence  of 
"the  American  Society  of  Civil  Engineers  would  contribute,  the 
"United  Engineering  Society  hereby  desires  to  express  the  senti- 
"ment  in  favor  of  coalition  which  has  been  growing,  and  to  invite 
"the  American  Society  of  Civil  Engineers  to  consider  entering 
"the  United  Engineering  Society  as  an  additional  Founder 
"Society;  and  the  President  is  authorized  to  appoint  a  Committee 
"to  confer  with  any  corresponding  Committee  of  the  American 
"Society  of  Civil  Engineers  in  the  formation  of  a  tentative  plan 
"which  if  this  invitation  is  accepted  can  be  referred  on  the  part 
"of  the  United  Engineering  Society  to  the  governing  bodies  of 
"the  Founder  Societies  for  their  action." 


Whereas,  such  resolution  has  been  approved  by  the  governing 
bodies  of  the  American  Institute  of  Mining  Engineers,  the  American 
Society  of  Mechanical  Engineers  and  the  American  Institute  of 
Electrical  Engineers,  and  was  likewise  considered  and  approved  by 
the  Board  of  Direction  of  this   Society,  and 

Whereas,  conferences  have  been  held  between  a  Committee  rep- 
resenting the  United  Engineering  Society,  and  a  Committee  repre- 
senting this  Society,  and  offers  have  been  made  in  letters  dated 
July  6th,  1915,  August  23d,  1915,  and  October  28th,  1915,  by  the 
Committee  of  the  United  Engineering  Society  to  the  Committee  repre- 
senting this  Society,  and 

Whereas,  by  special  ballot,  canvassed  June  15th,  1916,  2  500  of 
the  Corporate  Members  of  this  Society  voted  in  favor  of  the  ac- 
ceptance of  the  invitation  of  the  United  Engineering  Society,  and 
only  390  Corporate  Members  voted  against  such  acceptance,  and 

Whe7-eas,  on  that  ballot  the  sentiment  of  a  majority  of  those 
voting  on  each  of  the  plans  submitted  was  expressed  in  favor  of  the 
plan  which  provides  for  the  addition  of  three  stories  to  the  present 
building  of  the  United  Engineering  Society,  and  against  the  plan 
which  does  not  provide  for  such  additional  stories,  be  it 

Resolved,  That  this  Board,  acting  in  behalf  of  the  American 
Society  of  Civil  Engineers,  accepts  the  invitation  of  the  United  En- 
gineering Society  made,  in  behalf  of  the  American  Institute  of 
Mining  Engineers,  the  American  Society  of  Mechanical  Engineers, 
and  the  American  Institute  of  Electrical  Engineers,  to  become  one  of 
the  Founder  Societies,  in  accordance  with  the  terms  and  conditions 
contained    in    the   before   mentioned   letter,   dated   July   6th,   1915,   as 
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modified  by  the  before  mentioned  letter,  dated  August  23d,  1915, 
which  provide  for  the  construction  of  three  additional  stories  to  the 
present  building  of  the  United  Engineering  Society,  at  an  estimated 
cost  of  $225  000.  It  is  understood,  in  accordance  with  the  terms  of 
said  letters,  that  the  cost  to  this  Society  in  any  event  is  not  to  exceed 
$250  000. 

Resolved,  That  Clemens  Herschel,  Chas.  Warren  Hunt,  and  J.  V. 
Davies  be  and  are  hereby  authorized  for,  and  in  behalf  of,  this  Society, 
to  execute  any  agreements  or  other  instruments  that  may  be  appro- 
priate for  carrying  into  effect,  in  accordance  with  the  above,  the  plan 
whereby  this  Society  shall  enter  the  United  Engineering  Society  as 
an  additional  Founder  Society,  this  Society  assuming  therein  an 
obligation  to  defray  the  expenses  of  such  building  operations,  at  a 
cost  not  to  exceed  $250  000. 

Resolved,  That  the  whole  question  of  financing  the  movement  of 
Headquarters  of  the  Society  be  referred  to  the  Finance  Committee 
for  report,  this  to  include  action  to  be  taken  with  regard  to  the  sale  of 
the  Fifty-seventh  Street  property. 


Clemens  Herschel,  Chas.  Warren  Hunt,  and  J.  V.  Davies,  were 
appointed  to  represent  the  Society  as  members  of  the  United  Engineer- 
ing Society  whenever  the  American  Society  of  Civil  Engineers  becomes 
legally  one  of  the  Founder  Societies. 

MEMORANDUM  AGREEMENT 
Between  United  Enqineerinq  Society 

American  Institute  of  Electrical  Engineers 
The  American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 

and 
The  American  Society  of  Civil  Engineers 

Memorandum  of  Agreement  entered  into  this  twenty-fifth  day 
of  July,  1916,  between  United  Engineering  Society,  party  of  the 
first  part,  American  Institute  of  Electrical  Engineers,  party  of 
the  second  part,  The  American  Society  of  Mechanical  Engineers, 
party  of  the  third  part,  American  Institute  of  Mining  Engineers, 
party  of  the  fourth  part,  and  The  American  Society  of  Civil  Engi- 
neers, party  of  the  fifth  part. 

The  party  of  the  first  part  being  incorporated  by  an  Act  of  the 
Legislature  of  the  State  of  New  York  which  became  a  law  May  11th, 
1904,  and  being  the  owner  of  premises  consisting  of  land  and  its 
Building  erected  thereon  known  as  the  Engineering  Societies  Build- 
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iufi',  and  located  on  West  3Uth  Street,  in  the  Borough  of  Manhattan, 
in  the  City  of  New  York,  and  the  parties  of  the  second,  tliird,  and 
fourth  parts  hereto,  being  Founder  Societies  of  the  party  of  the  first 
part,  and  an  invitation  having  been  extended  by  the  party  of  the  first 
part  to  the  party  of  the  fifth  part  to  enter  into  the  Fraternity  of  said 
Founder  Societies  by  becoming  a  Founder  Society  of  the  party  of 
the  first  part,  such  invitation  meeting  with  the  hearty  approval  of  the 
parties  of  the  second,  third  and  fourth  parts  hereto,  and  the  same  hav- 
ing been  accepted  by  the  party  of  the  fifth  part  hereto. 

Now,  for  the  purpose  of  consummating  the  plan  for  the  entry  of 
the  party  of  the  fifth  part  as  such  Founder  Society  which  has  been 
agreed   to   between   the   parties    hereto,    this    Agreement    Witnesseth: 

First:  The  parties  hereto  and  each  of  them  do  hereby  agree  that 
the  party  of  the  fifth  part  shall  become  a  Founder  Society  of  the 
party  of  the  first  part  with  like  rights  and  relations  in  and  with  the 
party  of  the  first  part  and  with  each  of  the  other  parties  hereto  as 
those  now  possessed  and  existing  by  and  between  the  parties  of  the 
first,  second,  third  and  fourth  parts. 

Second:  To  that  end  the  parties  of  the  second,  third,  fourth  and 
fifth  part  hereto  and  each  of  them  do  hereby  request  the  party  of 
the  first  part  to  enlarge  its  building  above  mentioned  by  adding 
thereto  three  additional  stories  as  provided  for  by  plans  heretofore  filed 
in  the  Building  Department  by  Henry  G.  Morse,  Architect,  with 
such  modifications  as  may  be  requisite  or  appropriate  to  meet  legal 
requirements  or  as  may  be  approved  of  by  the  Architect  and  the  build- 
ing Committee  of  the  party  of  the  first  part  and  the  party  of  the  first 
part  agrees  so  to  do.  The  cost  of  making  such  enlargement  not 
exceeding,  however,  the  sum  of  $250,000  will  be  paid  by  the  party  of 
the  fifth  part  as  its  contribution  as  a  Founder  Society,  and  in  lieu 
of  the  contribution  which  said  party  of  the  fifth  part  would  have 
made  under  the  Founder's  Agreement  between  the  aforementioned 
Founder  Societies  and  the  party  of  the  first  part,  if  the  party  of  the 
fifth  part  had  been  originally  a  Founder  Society  of  the  party  of  the 
first  part.  The  amount  so  contributed  by  the  party  of  the  fifth  part 
shall  be  paid  and  advanced  under  and  upon  the  terms  of  Treasurer's 
receipts  of  the  party  of  the  first  part  which  shall  be  issued  to  the  party 
of  the  fifth  part  at  par  for  the  amounts  so  contributed  or  advanced 
from  time  to  time  in  the  same  form  as  Treasurer's  receipts  provided  for 
in  said  Founder's  Agreement,  and  the  rights  of  the  party  of  the  fifth 
part  growing  out  of,  or  respecting  such  contribution  shall  be  identical 
with  the  rights  of  the  existing  Founder  Societies  respectively  growing 
out   of   the  payments   or   contributions   made   by   them   evidenced   by 
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Treasurer's  receipts  provided  for  in  said  Founder's  Agreement.  In 
arriving  at  cost  of  enlargement  under  this  contract  interest  at  the  rate 
of  four  and  one-half  per  cent.  (4^%)  on  payments  made  prior  to  the 
completion  of  such  enlargement  shall  be  deemed  to  be  part  of  such  cost. 

Third:  The  party  of  the  first  part  agrees  that  any  excess  over  the 
sum  of  $250,000  in  the  cost  of  making  the  above  mentioned  enlarge- 
ment to  its  building  will  be  borne  and  paid  by  the  party  of  the 
first  part. 

Fourth:  Upon  the  party  of  the  fifth  part  becoming  a  Founder 
Society  its  Library  shall  be  added  to  the  joint  Library  of  the  parties 
of  the  first,  second,  third  and  fourth  parts  to  be  controlled  and  ad- 
ministered as  one  joint  Library  by  the  Library  Board  of  the  United 
Engineering  Society  in  accordance  with  the  By-Laws  of  such  Society, 
and  each  of  the  parties  hereto  agrees  that  upon  the  party  of  the  fifth 
part  becoming  a  Founder  Society,  it  will  enter  into  a  Library  Agree- 
ment with  respect  to  such  joint  Library  as  increased  by  the  Library 
of  the  party  of  the  fifth  part,  which  said  agreement  shall,  with  the 
omission  of  paragraphs  "9th"  and  "10th"  thereof,  and  the  addition  of 
the  party  of  the  fifth  part  as  a  party  thereto,  be  in  like  form  as  the 
existing  Library  Agreement  between  the  existing  Founder  Societies 
and  the  party  of  the  first  part. 

Fifth:  The  parties  hereto  severally  agree  that  upon  the  party  of 
the  fifth  part  becoming  a  Founder  Society  they  will  enter  into  a  new 
Founder's  Agreement  which  shall  supplant  and  be  a  substitute  for 
the  existing  Founder's  Agreement,  and  which  said  new  Agreement 
shall  read  as  follows,  to  wit: 

"Memorandum  of  Founder's  Agreement  entered  into  this 
"day    of  191    ,    between    United    Engineering    Society, 

"party  of  the  first  part,  American  Institute  of  Electrical  Engineers, 
"party  of  the  second  part,  The  American  Society  of  Mechanical 
"Engineers,  party  of  the  third  part,  American  Institute  of  Mining 
"Engineers,  party  of  the  fourth  part,  and  The  American  Society  of 
"Civil  Engineers,  party  of  the  fifth  part. 

"The  party  of  the  first  part  being  incorporated  by  an  Act  of  the 
"Legislature  of  the  State  of  New  York  which  became  a  law  May  11th, 
■'1904,  and  being  the  owner  of  land  and  a  building  erected  thereon 
"known  as  the  Engineering  Societies  Building,  located  on  West  39th 
"Street,  in  the  Borough  of  Manhattan,  in  the  City  of  New  York,  and 
'the  parties  of  the  second,  third  and  fourth  parts  having  been  hereto- 
"fore  Founder  Societies  of  the  party  of  the  first  part,  and  having 
"together  with  said  party  of  the  first  part  on  or  about  January  26th, 
"1905,  executed  an  agreement  known  as  the  Founder's  Agreement  as 
"provided  for  in  the  By-Laws  of  the  party  of  the  first  part,  and  the 


August,  UUO.J  SOCIETY    ]  lEMS   Oh    INTEREST  463 

Change  of  Society  Headquarters  {Continued). 

"party  of  the  fifth  part  having-  become  an  additional  Founder  Society 
''of  the  party  of  the  first  part,  with  like  rights  and  relations  in  and  with 
"the  party  of  the  first  part,  and  with  the  parties  of  the  second,  third 
"and  fourth  parts,  as  those  heretofore  possessed  and  existing  by  and 
''between  the  parties  of  the  first,  second,  third  and  fourth  parts,  and 
''the  parties  of  the  second,  third  and  fourth  parts  having  heretofore 
"each  made  certaiia  payments  or  advances  by  way  of  contribution  to 
"the  United  Engineering  Society  under  and  upon  the  terms  of  Treas- 
"urer's  receipts,  provided  for  in  said  Founder's  Agreement,  and  the 
"party  of  the  fifth  part  hereto  having  heretofore  agreed,  as  its  con- 
"tribution  to  said  United  Engineering  Society,  and  in  lieu  of  the 
"contribution  which  it  would  have  made  under  said  original  Founder's 
"Agreement  if  it  had  been  originally  a  Founder  Society,  to  pay  the 
'"cost  of  the  enlargement  of  the  said  building,  not  exceeding  however, 
"the  sum  of  $250,000  as  is  more  fully  provided  for  by  agreement 
"between  the  parties  hereto  dated  the  day  of  191     ,  such 

"contribution  by  the  party  of  the  fifth  part  to  be  made  under  and 
"upon  the  terms  of  the  Treasurer's  receipts  of  the  party  of  the  first 
"part  hereinafter  set  forth,  and 

"Whereas,  for  the  aforementioned  contributions  heretofore  made 
"by  each  of  the  parties  of  the  second,  third  and  fourth  parts,  such 
"Treasurer's  receipts  have  been  issued,  and 

"Wliereas,  the  parties  of  the  second,  third,  fourth  and  fifth  parts 
"hereto  are  desirous  of  enjoying  the  privileges  of  'Founder  Societies 
"of  the  said  party  of  the  first  part  as  provided  for  in  the  By-Laws  of 
"the  said  United  Engineering  Society,  now  these  presents  Witnesseth : 

"The  parties  of  the  second,  third,  fourth  and  fifth  parts  do  severally, 
''each  for  themselves  and  not  for  each  other,  promise  and  agree  to 
"and  with  each  other  and  with  the  party  of  the  filrst  part,  to  perma- 
"nently  maintain  their  principal  offices  in  the  building  of  the  party 
"of  the  first  part,  subject  to  the  provisions  of  the  By-Laws  of  the 
"United  Engineering  Society  as  they  now  exist  or  may  hereafter  be 
"amended,  such  agreements  of  the  parties  of  the  second,  third  and 
"fourth  parts  being  effective  now,  and  such  agreement  of  the  party 
"of  the  fifth  part  to  become  effective  from,  and  beginning  with  the 
•'time  of  the  completion  of  the  enlargement  above  mentioned.  The 
"amounts  heretofore  contributed  to  the  party  of  the  first  part  by  the 
"parties  of  the  second,  third  and  fourth  parts  having  been  paid  and 
■'advanced  under  and  upon  the  terms  of  Treasurer's  receipts  of  the 
''party  of  the  first  part  issued  at  par  for  the  amounts  so  paid  or  ad- 
''vanced  from  time  to  time  in  the  following  form,  it  is  agreed  that 
"the  contribution  of  the  party  of  the  fifth  part  for,  or  towards  the  cost 
"of  making  the  enlargement  of  the  building  hereinabove  mentioned, 
"not  exceeding  the  sum  of  $250,000  shall  likewise  be  paid  and  ad- 
"vanced  under  and  upon  the  terms  of  such  Treasurer's  receipts  of  the 
"party  of  the  first  part,  which  shall  be  issued  at  par  for  the  amounts 
"so  paid  or  advanced  from  time  to  time,  such  Treasurer's  receipts  to 
"be  in  the  following  form,  to  wit: 
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"  'Treasurer's  Receipts.' 

"  'This  Certifies  that  United  Engineering  Society  (herein  called 
"  'the  payee)  has  received  from  American  of 

"  'Engineers  (herein  called  the  payor)  the  sum  of  dollars 

"  '($  )   to  be  used  and  invested  by  the  payee  in  carrying  out 

''  'its  corporate  purposes,  said  amount  being  so  paid  as  part  considera- 
''  'tion  for  the  admission  of  the  payor  as  a  Founder  Society  of  the 
"  'payee,  under  and  subject  to  the  by-laws  of  the  payee. 

'"It  is  Agreed  by  the  payor  that  interest  on  the  amount  of  this 
"  'receipt  is  and  will  be  deemed  discharged  by  privileges  accorded  to 
"  'the  payor  as  a  Founder  Society  as  provided  in  the  by-laws  of  the 
'"  'payee,  and  that  no  right  to  recover  any  of  the  principal  of  such 
"  'amount  or  interest  thereon,  shall  exist  so  long  as  the  payee  shall  be  in 
"  'existence  and  perform  its  corporate  functions.  Neither  this  receipt 
"  'nor  the  claim  for  the  amount  evidenced  thereby  is  transferable  and 
"  'any  assignment  or  encumbrance  of  said  receipt  or  claim,  shall  make 
"  'the  same  void.  Neither  this  receipt  nor  said  claim  shall  be  redeemable 
"  'or  payable  excepting  out  of  such  portion  of  the  reserve  fund  of  the 
"  'payee  as  may  be  appropriated  therefor  by  a  vote  of  the  majority  of 
"  'the  representatives  of  each  of  the  Founder  Societies  on  the  Board 
"  'of  Trustees  of  the  payee,  as  such  Board  shall  then  be  constituted, 
"  'it  being  understood  that  any  such  appropriation,  if  made,  shall  be 
"  'applied  pro  rata  upon  such  of  the  claims  represented  by  treasurer's 
"  'receipts  issued  to  and  then  held  by  such  of  the  Founder  Societies 
'  'as  shall  then  be  represented  in  the  Board  of  Trustees  of  the  payee. 
"  'This  receipt  and  the  claim  evidenced  thereby,  shall  not  be  subject 
"  'to  any  indebtedness  of  the  payor  to  the  payee  and  shall  become  void 
"  'as  an  evidence  of  indebtedness  or  obligation  to  said  payor  in  case 
"  'said  payor  shall  for  any  cause  cease  to  have  representation  upon  the 
'  'Board  of  Trustees  of  the  payee. 

"  'United    Engineering    Society. 

" ' Treasurer. 

" ' President. 

'"Dated,    New    York     ....     19     .' 

"And  each  of  the  Parties  of  the  second,  third,  fourth  and  fifth 
"parts  hereto  does  further  covenant  and  agree  severally,  and  each 
"only  for  itself,  to  and  with  each  other,  and  to  and  with  the  party  of 
"the  first  part,  that  it  will  abide  by  and  comply  with  the  by-laws  of 
"the  party  of  the  first  part  and  will  pay  when  due  all  assessments 
"levied  against  it,  in  accordance  with  the  by-laws  of  the  party  of  the 
"first  part.  The  party  of  the  first  part,  in  consideration  of  this  agree- 
"ment,  has  adopted  its  by-laws,  and  has  admitted  or  will  admit  the 
"parties  of  the  second,  third,  fourth  and  fifth  parts  hereto,  as  Founder 
"Societies,  in  accordance  with  the  provisions  thereof,  and  has  acquired 
"property  and  assumed  obligations  for  the  purpose,  among  other 
"things,  of  enabling  it  to  accord  privileges  in  its  building  to  the  parties 
''of  the  second,  third  and  fourth  and  fifth  parts,  and  this  instrument 
''is  executed  by  the  parties  of  the  second,  third,  fourth  and  fifth  parts 
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"hereto  in  consideration  thereof,  and  to  indnce  said  party  of  the  first 
"part  to  take  such  action.  And  each  of  the  several  parties  hereto  has 
"assumed  the  obligations  herein  contained  in  consideration  of  the 
"agreements  and  obligations  of  each  of  the  other  parties  hereto. 

"This  agreement  is  entered  into  in  lieu  of,  and  as  a  substitute  for 
"the  Founder's  Agreement  heretofore  entered  into  between  the  first 
''four  parties  hereto,  it  being  agreed  however,  that  the  Treasurer's 
"receipts  heretofore  issued  pursuant  to  the  original  Founder's  Agree- 
"ment  shall  remain  operative  and  of  the  same  order  of  validity  and 
''priority  as  Treasurer's  receipts  to  be  issued  hereunder  to  the  party 
"of  the  fifth  part, 

"In  Witness  Whereof,  the  several  parties  hereto  have  caused  these 
"presents  to  be  executed  by  their  respective  officers  and  their  cor- 
"porate  seals  to  be  hereunto  affixed." 

Sixth:  The  parties  hereto  severally  agree  that  they  will,  with  all 
convenient  speed,  cause  the  By-Laws  of  the  party  of  the  first  part  to 
be  amended  in  such  respects  as  may  be  necessary  to  carry  into  effect 
the  purposes  of  this  Agreement,  and  that  they  will  do  and  cause  to  be 
done,  such  acts  and  execute  such  instruments  as  may  be  necessary  or 
reasonably  appropriate  to  carry  into  effect  such  purposes. 

Seventh :  Pending  the  completion  of  the  enlargement  of  said  build- 
ing and  in  anticipation  of  the  formal  execution  of  this  instrument  by 
the  parties  of  the  second,  third  and  fourth  parts  hereto,  the  parties 
of  the  first  and  fifth  parts  may,  upon  the  execution  of  this  agreement 
by  them,  proceed  with  the  aforementioned  enlargement  of  said  build- 
ing and  any  sums  paid  or  advanced  in  that  behalf  by  the  party  of  the 
fifth  part  shall  be  deemed  to  be  paid  and  advanced  towards  such  en- 
largement under  and  pursuant  to  the  terms  and  provisions  of  this 
agreement.  With  respect  to  any  payments  required  to  be  made  from 
time  to  time  for  tlie  cost  of  the  above  mentioned  enlargement,  the 
I)arty  of  the  fifth  part  shall  have  thirty  days  from  notice  to  it  by  the 
Building  Committee  that  such  amount  will  be  required,  within  which 
to  pay  the  same. 

Eighth:  l^o  assessment  for  space  other  than  in  connection  with  the 
Library  shall  be  made  against  the  party  of  the  fifth  part  until  the 
Building  Committee  shall  certify  that  the  above  mentioned  enlarge- 
ment is  ready  for  occupancy. 

Ninth :  Annexed  hereto,  marked  "A"  is  a  copy  of  the  Charter  and 
By-Laws  of  the  party  of  the  first  part,  and  annexed  hereto,  marked 
"B"  and  '"C"  are  copies  of  notices  of  proposed  amendments  to  the 
By-Laws  of  the  party  of  the  first  part,  and  annexed  hereto,  marked 
"D"  is  a  copy  of  the  Library  Agreement  hereinabove  referred  to,  and 
the  first  four  parties  hereto  agree  that  they  will  cause  the  adoption  of 
said  amendments  and  of  each  of  them  as  soon  as  practicable. 

In  Witness  Whereof,  this  Agreement  lias  been  executed  by  the 
representatives  of  the  respective  parties  hereto  thereunto  duly  author- 
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izcd  and  the  seals  of  the  respective  parties  hereto  have  been  hereunto 
duly  affixed  the  day  and  year  first  above  mentioned. 

United  Engineering  Society 

By    Charles  F.  Rand,  President, 
Jos.  Struthers,  Treasurer. 
American  Institute  of  Electrical  Engineers 
By  H.  W.  Buck,  President, 

F.   L.  Hutchinson,  Secretary. 

The  American  Society  of  Mechanical  Engineers 
By    D.  S.  Jacobus,  President, 
Calvin  W.  Rice,  Secretary. 

American  Institute  of  Mining  Engineers 
By    L.  D.  Ricketts,  President, 

Bradley   Stoughton,  Secretary. 
The  American  Society  of  Civil  Engineers 
By    Clemens  Herschel,  President, 
Chas.  Warren  Hunt,  Secretary, 
J.  Vipond  Davies,  Director. 


Exhibit  A. 
Attached  Separately  in  Bound  Form.* 

Exhibit  B. 
Proposed  Amendments  to  the  By-Laws  of  the  United  Engineering 

Society. 

(1)  Amend  Section  6  by  adding  thereto  the  following: 

"The   entry   of   an   additional   Founder    Society   shall   be   evi- 
"denced  by  a  similar  certificate  modified  to  conform  to  the  facts, 
"and  executed  by  the  Board  of  Trustees  or  a  majority  thereof." 
and  striking  out  "as  hereinafter  provided." 

(2)  Amend  Section  7  by  substituting  a  comma  for  the  period  at 
the  end  thereof,  and  adding  "Civil"  in  quotations  and  then  a  period. 

(3)  Amend  Section  13  by  making  it  read  as  follows: 

"The  Board  of  Trustees  shall  consist  of  twelve  members,  three 
"of  them  representing  the  American  Institute  of  Electrical  Engi- 
"neers,  three  of  them  representing  the  American  Society  of 
"Mechanical  Engineers,  three  of  them  representing  the  American 
"Institute  of  Mining  Engineers,  and  three  of  them  representing 
"the  American  Society  of  Civil  Engineers." 

(4)  Amend  Section  14  by  inserting  at  the  beginning  thereof  the 
following : 

"Each  of  the  Founder  Societies  shall,  at  the  outset,  elect,  ap- 
"point  or  designate  its  representatives  upon  the  Board  of  Trustees 


*  Charter  and  By-Laws  of  the  United  Engineering  Society. 
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"by  making  provision  for  the  expiration  of  the  terms  of  office  of 
"said  representatives  so  that  the  term  of  one  shall  expire  on  the 
"adjournment  of  the  next  ensuing  annual  meeting;  that  of  another 
"one  (1)  year  thereafter,  and  that  of  another  two  (2)  vears 
"thereafter," 

and  by  adding  after  the  words  "the  American  Institute  of  Mining 
Engineers,''  the  words  "and  the  American  Society  of  Civil  Engineers," 
and  striking  out  the  word  "and"  before  the  words  "the  American 
Institute  of  Mining  of  Engineers." 

(5)  Amend   Section   22   by   substituting   "twelve"   for  "nine,"   and 
"nine"  for  "seven." 

(6)  Amend   Section   40   by   substituting   "seven"   for   "five." 

(7)  Amend   Section  76  by  substituting  "nine"  for  "seven". 

(8)  Amend   Section  77  by  substituting  "nine"  for  "seven." 

(9)  Amend  Section  81  by  substituting  "nine"  for  "seven." 

(10)  Amend  Section  107  by  striking  out  the  words  "three"  in  two 
places  where  they  occur. 

(11)  Amend    Section    108    by    substituting    "nine    members"    for 
'"seven  members." 

(12)  Amend  Section  124  by  making  it  read  as  follows: 

"The  Engineering  Foundation  Board  shall  be  constituted 
"as  follows : 

"From  United  Engineering  Society  while  remaining  members 
"of  its  Board  of  Trustees  or  until  their  successors  are  elected, 
"four  members,  consisting  of  one  representative  of  each  Founder 
"Society. 

"From  each  Founder  Society,  upon  the  nomination  of  its 
"governing  body,  one  member  not  a  member  of  the  Board  of 
"Trustees  of  United   Engineering   Society. 

"Two  members  at  large. 

"The  President  of  United  Engineering  Society  ex-officio.'* 

(13)  Amend  Section  135  by  adding  after  the  words  "Mining  Engi- 
neers,"  the  words   "and   The  American   Society  of  Civil   Engineers." 

(14)  Amend  Section  142  by  substituting  "nine"  for  "seven." 

Exhibit  C.  , 

Proposed  Amendment  to  the  By-Laws  of  the  United  Engineering 

Society 

Amend  Section  74  by  striking  out  the  following,  viz. : 

"In  making  such  assessment  the  Board  shall  be  under  no  ob- 
"ligation  to  apportion  the  amount  of  the  Budget  equally  between 
"the  societies,  or  equally  between  any  two  or  more  of  them,  but 
"the  Board  shall,  in  making  such  assessment,  take  into  considera- 
"tion  the  expenses  of  the  society  through  the  occupation  by  the 
"various  Founder  and  Associate  Societies  of  the  respective  por- 
"tions  of  the  building  occupied  by  each,  and  the  facilities  afforded 
"to  the  respective  Founder  and  Associate  Societies" 
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and  inserting  in  lieu  thereof,  the  following: 

"That  portion  of  the  budget  in  each  year  to  be  assessed  against 
"the  Founder  Societies  other  than  the  amount  which  they  may 
"be  assessed  for  for  allotment  of  space  occupied  by  them  shall  be 
"assessed  against  them  in  equal  amounts." 

Exhibit  D — Library  Agreement 
Executed  by  United  Engineering  Society  and  the  Founder  Societies 

IN  February,  1915 

AGREEMENT 

The  American  Institute  of  Mining  Engineers 

The  American  Society  of  Mechanical  Engineers 

The  American  Institute  of  Electrical  Engineers 

(known  as  the  "Founder  Societies") 

and  the 

United  Engineering  Society 

in  consideration  of  one  dollar  by  each  to  the  other  in  hand  paid,  the 
receipt  whereof  is  hereby  acknowledged,  and  of  the  mutual  agreements 
herein  contained,  hereby  agree,  each  with  the  other,  that — 

1st.  The  present  Library  of  each  of  the  said  societies  shall  remain 
the  property  of  that  Society,  each  book  or  other  article  of  each  Library 
shall  bear  the  bookplate  of  its  owner. 

2d.  The  four  libraries  of  the  said  societies  shall  be  controlled  and 
administered  as  one  Joint  Library  by  the  Library  Board  of  the  United 
Engineering  Society,  in  accordance  with  the  By-Laws  of  that  Society. 

3d.  The  future  current  purchase  of  books,  periodicals  and  other 
literature  for  addition  to  the  Joint  Library,  shall,  under  the  direction 
of  and  with  the  approval  of  the  Library  Board,  be  made  and  paid  for 
by  the  United  Engineering  Society;  and  each  such  purchase  shall  be 
the  property  of  and  bear  the  bookplate  of  the  United  Engineering 
Society;  except  that  future  purchases  by  the  United  Engineering 
Society  of  additional  numbers  to  any  serial  publication  now  in  the 
Library,  shall  carry  the  same  bookplate  as  the  earlier  numbers  and 
the  entire  publication  shall  continue  to  be  the  property  of  the  Society 
represented  by  the  'bookplate. 

4th.  The  cost  of  binding,  the  salaries  of  the  Librarian  and  of  all 
assistants,  all  supplies  and  other  current  expenses  for  the  Library, 
shall,  when  approved  by  the  Library  Board,  be  paid  by  the  United 
Engineering  Society, 

5th,  The  United  Engineering  Society,  shall,  as  far  as  in  its  judg- 
ment its  financial  condition  will  permit,  pay  in  each  year  the  current 
expenses  for  books  and  all  other  costs  of  the  administration  of  the 
Joint  Library  for  the  same  year;  and  it  shall  have  authority,  now  con- 
ferred by  this  agreement,  to  make  equal  assessments  on  each  of  the 
Founder  Societies,  to  provide  such  additional  funds  as  may  be  re- 
quired, for  the  payment  of  said  current  expenses  of  the  Library. 
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6tli.  The  Library  Board  shall  not  incur  or  authorize  bills  of  ex- 
pense for  books,  or  for  the  administration  of  the  Library  or  for  any 
other  purpose  in  excess  of  the  allowance  for  the  Library  in  the  budget 
of  the  L"^nited  Engineering  Society  for  the  current  year. 

7th.  The  accounts  of  all  income  and  expenditure  for  the  Library 
shall  be  kept  in  the  books  of  the  United  Engineering  Society  and  such 
accoiuits  shall  be  open  to  the  inspection  of  any  officer  of  any  Founder 
Society. 

8th.  This  agreement  shall  not  in  any  way  preclude  any  Founder 
Society  from  acquiring  by  purchase  from  its  own  funds,  or  by  gift 
or  exchange,  any  books,  periodicals  or  other  articles  for  its  own  library, 
and  placing  them  in  the  Joint  Library  as  its  o-wn  property  under  its 
owTi  bookplate. 

The  care  and  binding  of  such  books,  periodicals  or  other  articles  so 
acquired  and  placed,  shall  be  at  the  expense  of  the  United  Engineering 
Society  so  long  as  they  remain  in  the  Joint  Library. 

9th.  The  agreement  shall  not  become  binding  until  it  has  been  ap- 
proved by  resolution  of  the  governing  body  of  each  of  the  four  socie- 
ties, parties  hereto,  and  attested  by  the  signatures  of  the  President  and 
Secretary  of  each. 

10th.  The  agreement  when  formally  approved  and  signed  shall  take 
effect  as  of  January  1,  1915. 

Agreement   Carried  Out 

At  its  meeting  of  August  10th,  1916,  the  LTnited  Engineering 
Society  carried  out  the  above  agreement  by  making  the  necessary 
changes  in  its  By-laws,  and  the  American  Society  of  Civil  Engineers 
thus  became  one  of  the  four  Founder  Societies,  the  representatives 
of  the  Society  in  the  L'nited  Engineering  Society  being  Clemens 
Herschel,  Chas.  Warren  Hunt,  and  J.  Vipond  Davies. 

Building  Committee 

On  July  6th,  191G,  the  President  of  the  United  Engineering  Society 
appointed  the  following  Building  Committee,  consisting  of  a  repre- 
sentative of  each  of  the  four  constituent  Societies :  H.  H.  Barnes,  Jr., 
Chairman,  H.  G.  Stott,  Chas.  Warren  Hunt,  and  Charles  F.  Rand. 

The  Committee  has  held  a  number  of  meetings,  and  has  awarded 
a  contract  for  preliminary  structural  work,  and  the  work  was  started 
by  the  Contractor,  August  1st,  1916. 
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Joint  Conference  Committee 

of  the 

Four  National  Engineering  Societies 

This  Committee  consists  of  three  representatives  from  each  of  the 
following : 

American  Society  of  Civil  Engineers, 

American  Institute  of  Mining  Engineers, 

American  Society  of  Mechanical  Engineers, 

American  Institute  of  Electrical  Engineers. 

It  has  been  acting  under  a  Resolution  adopted  by  each  of  the  four 
Societies  which  gives 

"to  the  Joint  Conference  Committee  of  Engineering  Societies 
authority  to  take  action  on  all  general  or  public  matters  relat- 
'  '  ing  to  the  welfare  of  the  Profession,  and  in  connection  with 
which  joint  action  seems  desirable;  on  the  condition  that  the 
Joint  Conference  Committee  records  in  its  minutes  any  action 
taken  and  reports  such  action  for  approval  at  the  next  subse- 
quent meeting  of  the  governing  bodies  of  each  of  the  con- 
stituent societies." 

At  its  meeting  of  June  16th,  191G,  the  following  Resolution  was 
adopted : 

"The  Joint  Conference  Committee  of  Engineering  Societies 
believes  that  the  development  of  the  country's  undeveloped 
water  power  will  increase  national  prosperity;  that  private 
enterprise  should  be  encouraged  and  stimulated  to  expedite 
such  development;  that  unnecessary  legal  burdens  should  be 
removed  and  existing  doubts  as  to  the  safety  of  investment 
eliminated.  It  commends  to  the  support  of  engineers  all  efforts 
made  to  secure  the  fullest  publicity  as  to  the  underlying  facts 
regarding  this  subject." 

Calvert  Townley,  Chairman,  and  Chas.  Warren  Hunt,  Secretary 
of  the  Committee,  were  authorized  to  give  this  Resolution  publicity. 

In  a  letter  dated  June  28th,  1916,  the  Secretary  called  the  attention 
of  the  President  of  the  United  States  to  this  action  and  to  the  fact 
that  the  Committee  acts  in  behalf  of  about  30  000  Engineers. 
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Arizona  Meeting  of  the 
American  Institute  of  Mining  Engineers 

In  connectioii  with  the  Arizona  Meetinc:  of  the  American  Institute 
of  Mining  Engineers,  Septeniher  ISth  to  25th,  1916,  a  Special  Train 
Tour  of  the  Arizona  Mining  Districts  and  the  Grand  Canyon  has  been 
arranged. 

The  special  train  will  leave  the  Grand  Central  Terminal,  New 
York,  at  5.30  r.  M.,  on  Thursday,  September  14th,  1916,  and,  going 
by  way  of  Chicago,  Kansas  City,  Topeka,  El  Paso,  Santa  Rita, 
Douglas,  and  Bisbee,  will  arrive  at  Globe,  Ariz.,  at  9  a.  m.  on  Thurs- 
day, September  21st.  Mines,  mills,  and  reduction  works  at  Santa 
Rita,  Hurley,  Douglas,  Bisbee,  and  Globe  will  be  visited,  and  technical 
sessions  will  be  held  at  several  places  en  route.  Two  days  wall  be 
spent  at  Globe,  and  visits  will  be  made  to  the  Roosevelt  Dam,  the 
Grand  Canyon,  the  Cliff  Dwellings,  etc.  Returning,  the  train  will  go 
by  way  of  Phcenix,  Albuquerque,  La  Junta,  Kansas  City,  and  Chicago, 
and  will  arrive  in  New  York  on  Thursday,  September  28th,  at  9.40  a.  m. 

Members  of  the  American  Society  of  Civil  Engineers  will  be 
welcomed  on  this  trip,  and  may  join  the  party  at  any  point  en  route. 
Any  member  of  this  Society  who  is  interested  may  obtain  full  par- 
ticulars by  addressing  the  Secretary  of  the  Institute,  Mr.  Bradley 
Stoughton,  29  West  39th  Street,  New  York  City. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

September  6th,  1916.-8.30  P.  M. — A  regular  business  meeting 
will  be  held,  and  a  paper  by  J.  C.  Allison,  Assoc.  M.  Am.  Soc.  C.  E., 
entitled  "Control  of  the  Colorado  Kiver  as  Eelated  to  the  Protection 
of  Imperial  Valley",  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  May,  1916. 

September  20th,  1916.— 8.30  P.  M. — At  this  meeting,  a  paper  by 
Israel  V.  Werbin,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "Tunnel  Work  on 
Sections  8,  9,  10,  and  11,  Broadway-Lexington  Avenue  Subway,  New 
York  City",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

October  4th,  191 6. — 8.30  P.  M. — This  will  be  a  regular  business 
meeting.  A  paper  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  entitled 
"Underpinning  Trinity  Vestry  Building  for  Subway  Construction", 
will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

SEARCHES   IN   THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  searches 
have  been  made,  and  bibliographies  and  other  information  on  special 
subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In 
that  case  the  material  may  be  reproduced  by  photography,  and  this 
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can  be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which 
is  smalL  This  method  is  particularly  useful  when  there  are  drawings 
or  figures  in  the  text,  which  would  be  very  expensive  to  reproduce 
by  hand. 

PAPERS  AND   DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
piiblished  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN   SOCIETY  OF  CIVIL  ENGINEERS 
San  Francisco  Association,  Organized  1905. 

President,  H.  L.  Haehl ;  Secretary,  E.  T.  Thurston,  57  Post  Street, 
San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
6  p.  M.,  at  the  Palace  Hotel,  on  the  third  Tuesday  of  February,  April, 
June,  August,  and  October,  and  the  third  Friday  of  December,  the 
last  being  the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 


474  ANNOUNCEMENTS  [Society  Affairs. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meetings) 

April  i8th,  1916. — The  meeting  was  called  to  order  at  the  Palace 
Hotel;  President  H.  L.  Haehl  in  the  chair;  E.  T.  Thurston,  Secretary; 
and  present,  also,  78  members  and  guests. 

The  reports  of  the  Committees  appointed  by  the  Entertainment 
Committee,  namely,  the  Committee  on  Compensation  of  Engineers 
(H.  C.  Vensano),  the  Committee  on  General  Conditions  for  Specifica- 
tions (F.  H.  Tibbetts),  and  the  Committee  on  Education  of  Engineers 
(M.  H.  Brinkley),  were  presented. 

Messrs.  F.  H.  Fowler,  G.  A.  Elliott,  and  Thomas  H.  Means  were 
appointed  as  the  Entertainment  Committee  for  the  June  meeting. 

A  communication  from  Treasurer  P.  E.  Harroun  was  read  relative 
to  consolidating  the  offices  of  Secretary  and  Treasurer  and  suggesting 
that  the  three  latest  living  Past-Presidents  constitute  the  Board  of 
Directors.  After  some  discussion  and  amendment  reducing  the  Board 
of  Directors  to  five.  Article  IV,  Sections  1  and  2,  of  the  Constitution, 
was  changed  to  read  as  follows,  the  change  to  take  effect  at  the  end  of 
the  current  year: 

'"Article  TV. 
"Officers 

"Section  1.  The  officers  of  this  Association  shall  be  a  president, 
two  vice-presidents,  and  a  secretary-treasurer,  who,  with  the  latest 
living  past-president,  shall  constitute  a  board  of  directors  in  which  the 
government  of  the  Association  shall  be  vested. 

"Section  2.  The  terms  of  the  office  of  the  president  of  the  Associa- 
tion shall  be  one  year,  of  the  vice-presidents  and  secretary-treasurer, 
two  years.  The  term  of  each  officer  shall  begin  at  the  close  of  the 
annual  meeting  at  which  such  officer  is  elected,  and  shall  continue  for 
the  period  above  named,  or  until  a  successor  is  duly  elected." 

Relative  to  the  question  of  the  proposed  merger  of  the  Society  with 
the  United  Engineering  Society,  the  Secretary  read  communications 
on  the  subject  from  various  sources.  After  considerable  discussion,  a 
motion  that  a  vote  be  taken  on  "Proposition  A"  was  laid  on  the  table. 

On  motion,  duly  seconded,  consideration  of  the  suggestions  for  the 
extension  of  the  influence  and  work  of  the  Association,  as  embodied 
in  the  Inaugural  Address  of  President  Haehl,  was  laid  over  until  the 
June  meeting. 

On  motion,  duly  seconded,  the  President  was  instructed  to  appoint 
a  committee  of  three  to  draw  up  and  present  to  the  proper  authorities 
and  publish  in  the  newspapers,  a  resolution  expressing  the  confidence 
of  the  members  of  the  Association  in  Mr.  L.  H.  Nishkian,  who  through 
political  influence  had  been  removed  from  his  position  as  Engineer  in 
the  Department  of  Buildings  of  San  Francisco.  President  Haehl  sub- 
sequently appointed  Messrs.  H.  J.  Brunnier,  J.  D.  Galloway,  and  M.  C. 
Couchot  as  such  Committee. 

At  the  request  of  the  Chairman,  Mr.  Galloway  addressed  the  meet- 
ing briefly  on  preparedness  from  an  engineer's  standpoint,  and  sug- 
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gesteil  the  appointment  of  a  committee  to  consider  the  question.  On 
motion,  duly  seconded,  the  Chairman  was  instructed  to  appoint  a  com- 
mittee of  tiiree  to  consider  the  subject,  and  Messrs.  Galloway,  Allan, 
and  Khodin  were  named. 

A  paper  by  Mr.  M.  M.  O'Shaughnessy  entitled  "Some  Observations, 
Professional  and  Otherwise,  Made  in  Connection  with  a  Eecent 
Journey  East'',  was  presented  by  the  author. 

Adjourned. 

June  2oth,  1916. — The  meeting  was  called  to  order  at  the  Palace 
Hotel;  President  H.  L.  Haehl  in  the  chair;  E.  T.  Thurston,  Secretary; 
and  present,  also,  40  members  and  guests. 

The  Entertainment  Committee  showed  a  series  of  moving  pictures 
illustrating  the  laying  of  the  submarine  cables  from  Oakland  to  San 
Francisco  for  the  Great  Western  Power  Company  and  the  Pacific  Gas 
and  Electric  Company,  respectively,  and  of  the  construction  work  on 
the  hydraulic-fill  dam  at  Calaveras  Creek  for  the  Spring  Valley  Water 
Company. 

The  Secretary  read  the  report  of  the  Preliminary  Committee  on 
Military  Affairs,  in  which  it  was  stated  that  a  joint  mass  meeting  of 
local  members  of  the  National  Engineering  Societies  was  held  on  May 
2d,  1916,  at  which  the  attendance  was  about  300;  papers  were  read  by 
Capt.  Parks,  Corps  of  Engineers,  IT.  S.  A.,  Capt.  Murphy,  Coast  Artil- 
lery, U.  S.  A.,  and  by  Mr.  Allen  Babcock,  of  the  California  Section  of 
the  Naval  Consulting  Board,  and  a  resolution  was  adopted  authorizing 
the  appointment  of  a  Permanent  Joint  Committee  on  Military  Affairs 
consisting  of  three  members  from  each  of  the  Local  Societies.  Presi- 
dent Haehl  appointed  Messrs.  Galloway,  Campbell,  and  Means  to  repre- 
sent the  Association  on  such  Committee. 

On  motion,  duly  seconded,  the  original  Committee  was  discharged 
with  a  vote  of  thanks. 

A  partial  report  of  the  Permanent  Committee  on  Military  Affairs 
was  presented  by  the  Secretary,  announcing  its  organization,  and  that 
a  circular  describing  its  possible  activities,  etc.,  had  been  forwarded 
to  Society  members  in  California  and  Nevada.  A  resolution  which 
accompanied  this  report,  relative  to  the  formation  of  a  National  Joint 
Committee  on  Military  Affairs,  was  adopted  unanimously  by  the 
Association. 

The  Secretary  read  letters  from  the  Baltimore  Association  relative 
to  its  contribution  to  the  State  Board  of  Directors  on  Industrial  Pre- 
paredness of  Maryland,  and  from  the  Committee  of  Secretaries  of 
the  San  Francisco  Associations  outlining  a  scheme  of  co-operation 
between  the  respective  local  societies  in  regard  to  meetings,  etc. 

A  summary  of  the  suggestions  relative  to  extending  the  influence 
and  work  of  the  Association,  as  embodied  in  the  Inaugural  Address  of 
President  Haehl,  was  presented  by  the  Secretary,  and  after  discussion 
by  Messrs.  Snyder,  Harroun,  Dcckweiler,  and  Griffin,  the  President 
was  instructed  to  appoint  a  committee  of  three  to  consider  the  sug- 
gestions at  the  August  meeting.  The  President  subsequently  appointed 
Messrs.  Harroun,  Huber,  and  Griffin  as  such  Committee. 


476  ANNOUNCEMENTS  [Society  Affairs. 

Mr.  B.  P.  Legare  addressed  the  meeting  relative  to  the  Preparedness 
Parade  to  be  held  on  July  22d,  1916,  and  the  efforts  being  made  to 
secure  a  proper  representation  of  Engineers  for  that  occasion.  After 
some  discussion,  on  motion,  duly  seconded,  the  official  endorsement  of 
the  Association  was  given  the  parade,  and  the  Board  of  Directors  was 
authorized  to  co-operate  in  making  up  any  deficit  accruing  in  carrying 
out  the  project. 

The  President  appointed  Messrs.  H.  H.  Hall,  P.  E.  Brown,  and 
E.  L.  Cope  as  the  Entertainment  Committee  for  the  August  meeting. 

A  paper  by  Mr.  H.  A.  Whitney  entitled  "The  Organization  of 
Municipal  Water  Departments",  was  presented  by  the  author,  and  dis- 
cussed by  Messrs.  Schussler,  Dockweiler,  and  others. 

Adjourned. 

Colorado  Association,  Organized  1908. 

President,  John  E.  Field;  Secretary-Treasurer,  L.  R.  Hinman, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  at  12.30  p.  m.,  at  Clarke's 
Restaurant,  1632  Champa  Street. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association,  Organized  1912. 

President,  Paul  H.  Xorcross;  Secretary-Treasurer,  Thomas  P. 
Branch,  Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

President,  H.  D.  Bush;  Secretary-Treasurer,  Charles  J.  Tilden, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

(Abstract  of  Minutes  of  Meeting) 

May  3d,  1916. — The  Annual  Meeting  was  called  to  order  at  8.35  p.  M., 
in  the  Donovan  Room  of  The  Johns  Hopkins  University;  President 
Thomas  D.  Pitts  in  the  chair;  C.  J.  Tilden,  Secretary;  and  present, 
also,  14  members  and  1  guest. 

The  minutes  of  the  meeting  of  May  5th,  1915,  were  read  and 
approved. 

Messrs.  Janney,  Mackall,  Hartman,  and  Requardt  were  appointed 
a  N'ominating  Committee  to  prepare  a  list  of  officers  for  the  ensu- 
ing year. 

The  Secretary  read  various  communications  received  by  the  Asso- 
ciation relative  to  the  proposed  change  of  Society  Headquarters.  The 
subject  was  discussed,  but  no  formal  action  was  taken. 
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The  reports  of  the  Secretary-Treasurer  for  the  year  ending  May 
1st,  1916,  were  presented. 

On  motion,  duly  seconded,  the  President  was  instructed  to  appoint 
a  committee  to  revise  the  Constitution  of  the  Association,  the  pro- 
posed revision  to  he  submitted  at  the  next  meeting'. 

On  behalf  of  the  Committee  appointed  to  confer  with  the  Engineers' 
Club  in  regard  to  combining  on  the  questions  of  rooms,  meetings, 
lectures,  etc.,  consisting  of  Messrs.  Pagon,  Whitman,  and  Janney,  Mr. 
Pagon  reported  that  the  subject  had  been  considered,  but  that  at 
present  no  action  seemed  to  be  possible,  and  requested  that  the  Com- 
mittee be  discharged,  which,  on  motion,  duly  seconded,  was  done. 

Mr.  H.  D.  Bush  addressed  the  meeting  on  the  work  of  the  General 
Committee,  appointed  in  connection  with  the  Naval  Advisory  Board, 
to  investigate  the  industrial  resources  of  the  country.  Mr.  Bush,  who 
is  Chairman  of  the  Board  of  Directors  of  this  Committee  for  the  State 
of  Maryland,  presented  the  task  which  confronts  the  Maryland  Board 
in  this  investigation.  The  subject  was  discussed  by  Messrs.  Crosby, 
Pitts,  Smith,  Janney,  and  others,  and  the  following  resolution,  intro- 
duced by  Mr.  Crosby,  was  adopted  unanimously: 

"Whereas J,  a  Board  of  Directors  for  the  State  of  Maryland  on  Indus- 
trial Preparedness  has  ))een  appointed  by  the  Secretary  of  the  Navy 
of  the  United  States  of  America,  and 

"Whereas,  said  Board  has  been  provided  with  no  funds  whatever 
for  its  necessary  expenses,  and 

"Whereas,  it  seems  to  this  Association  proper  that  this  Board  should 
be  relieved  so  far  as  possible  from  the  financial  burden  of  its  work,, 
which  work  further  demands  a  considerable  sacrifice  of  personal  time 
and  effort  on  the  part  of  the  individual  members  of  the  Board,  therefore 

"Be  it  Resolved,  That  in  the  interest  of  preparedness  and  with 
the  desire  to  be  of  some  aid  to  the  members  of  the  local  Board  in  their 
patriotic  work,  the  sum  of  fifty  dollars  ($50.00)  be,  and  hereby  is, 
appropriated  from  the  balance  in  the  treasury  of  this  Association  for 
the  use  of  the  Local  Board  of  Directors  on  Industrial  Preparedness; 
and 

"Be  it  Further  Resolved,  That  the  Treasurer  be,  and  hereby  is, 
authorized  and  directed  to  pay  over  this  amount  of  fifty  dollars  ($50.00) 
to  the  Treasurer,  or  other  proper  representative  6i  said  State  Board  of 
Directors  on  Preparedness." 

On  motion,  duly  seconded,  the  Secretary  was  instructed  to  com- 
municate this  action  to  the  Board  of  Direction  of  the  Society  and  to 
the  Secretaries  of  the  Local  Associations. 

The  report  of  the  Nominating  Committee  was  presented,  and.  on 
motion,  duly  seconded,  the  following  ofiicers  were  declared  elected : 
President.  H.  D.  Bush ;  Vice-Presidents,  John  Biddle  and  C.  W. 
Ilendrick;  Directors,  R.  Lloyd  Chamberlaine,  R.  Keith  Compton, 
J.  W.  Craig,  W.  W.  Crosby,  H.  A.  Lane,  Ezra  B.  Whitman,  and  Henry 
G.  Shirley. 

President  Bush  then  took  the  chair,  and  appointed  Messrs.  Pagon, 
Pitts,  and  Tilden  a  Committee  to  revise  the  Constitution,  to  report 
at  the  next  meeting  of  the  Association. 
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Mr.  D.  B.  Goodsell,  of  New  York  City,  addressed  the  meeting  rela- 
tive to  the  recent  formation  of  a  battalion  of  more  than  400  volunteer 
engineers  in  ISTew  York. 

Adjourned. 

Cleveland  Association,  Organized  1914. 

President,  Robert  Hoifmann;  Secretary-Treasurer,  George  H. 
Tinker,  Hickox  Building,  Cleveland,  Ohio. 

District  of  Columbia  Association,  Organized  1916. 

President,  A.  P.  Davis;  Secretary-Treasurer,  John  C.  Hoyt,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Illinois  Association,  Organized  1Q16. 

President,  Onward  Bates;  Secretary-Treasurer,  E.  N.  Layfield, 
4251  Vincennes  Avenue,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Louisiana  Association,  Organized  IQ14. 

President,  W.  B.  Gregory;  Secretary,  E.  H.  Coleman,  920  Hibernia 
Building,  New  Orleans,  La. 

Northwestern  Association,  Organized  1914. 

President,  W.  L.  Darling;  Secretary,  Ralph  D.  Thomas,  Minne- 
apolis, Minn. 

Philadelphia  Association,  Organized  1913. 

President,  Edward  B.  Temple;  Secretary,  W.  L.  Stevenson,  412 
City  Hall,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

President,  J.  P.  Newell;  Secretary,  J.  A.  Currey,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  1914. 

President,  J.  A.  Ockerson;  Secretary-Treasurer,  Gurdon  G.  Black, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

President,  George  Butler;  Secretary-Treasurer,  J.  R.  Comly,  4105 
Falcon  Street,  San  Diego,  Cal. 
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Seattle  Association,  Organized  1Q13. 

PresicU'iit,  A.  O.  Powell;  Secretary-Treasurer,  Carl  H.  Reeves, 
4722  Latona  Avenue,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  m.,  on 
tlie  last  Monday  of  each  month,  at  The  Northold  Inn,  212  University 
Street. 

(Abstract  of  Minutes  of  Meetings) 

May  29th,  1Q16. — The  meeting  was  called  to  order  at  12.15  p.  M., 
at  The  Nortliold  Inn;  President  A.  O.  Powell  in  the  chair;  Carl  H. 
Reeves,  Sccretai-y;  and  present,  also,  16  members  and  guests. 

The  minutes  of  the  meeting  of  April  24th,  191(3,  wore  read  and 
approved. 

Letters  from  the  President  and  Secretary  of  the  Society  relative 
to  co-operation  by  the  Association  with  the  Committee  on  Industrial 
Preparedness  of  the  Naval  Consulting  Board;  from  S.  W.  Stratton, 
Chairman  of  the  Thermometer  Committee  of  the  American  Associa- 
tion for  the  Advancement  of  Science;  and  from  the  Board  of  Direc- 
tion of  the  Society  to  the  Philadelphia  Association  in  re  the  letters  of 
J.  A.  Ockerson,  Past-President,  Am.  Soc.  C.  E.,  relative  to  the  removal 
of  Society  Headquarters,  respectively,  were  read  and  ordered  filed. 

The  death  of  Mr.  F.  W.  D.  Holbrook  of  the  Association  was 
referred  to  briefly  by  President  Powell,  and  after  special  reference  to 
the  death  of  Elmer  L.  Corthell,  President  of  the  Society,  Mr.  Ernest 
B.  Hussey  addressed  the  meeting,  giving  a  brief  outline  of  the  life 
and  work  of  Mr.  Corthell  and  closing  with  a  tribute  of  appreciation  of 
his  labors  in  the  field  of  engineering,  business,  and  finance. 

After  discussion  by  Messrs.  Horrocks,  Reeves,  Powell,  Hussey, 
and  Jackson  in  reference  to  participation  by  engineers  in  the  Pre- 
paredness Parade  to  be  held  in  Seattle  on  June  10th,  191(1,  it  was 
moved,  seconded,  and  carried  that  the  Association  request  the  Com- 
mittee on  Industrial  Preparedness  to  arrange  for  an  Engineering 
Section  in  the  Preparedness  Parade  in  order  that  all  engineers  who  so 
desired,  might  be  given  an  opportunity  to  march  in  such  parade. 

Mr.  William  D.  Wrightson,  a  Sanitary  Engineer  in  the  United 
States  Public  Health  Service,  addressed  the  meeting  briefly  on  his 
experience  at  Vera  Cruz,  Mexico,  during  the  occupancy  of  that  city 
by  the  United  States  troops  under  Gen.  Funston. 

Adjourned. 

June  26th,  1916. — The  meeting  was  called  to  order  at  12.15  p.  M., 
at  The  ISTorthold  Inn;  President  A.  O.  Powell  in  the  chair;  Carl  H. 
Reeves,  Secretary;  and  present,  also,  13  members  and  guests. 

The  minutes  of  the  meeting  of  May  29th,  1916,  were  read  and 
approved. 

The  President  announced  that  he  had  appointed  Messrs.  J.  I.  Hor- 
rocks, Chairman,  J.  E.  ShoemakeT-.  and  M.  O.  Sylliaasen,  a  Committee 
to  serve  in  connection  with  the  Preparedness  Parade  which  had  been 
held  on  June  10th,  1916. 

The  attention  of  members  of  the  Association  who  are  handling 
the  work  of  the  Industrial  Census  for  the  Naval  Consulting  Board  was 
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called,  by  the  President,  to  the  necessity  for  securing  all  such  data 
at  the  earliest  possible  moment. 

The  President  also  called  attention  to  pages  317,  et  seq.,  of  the 
May,  1916,  Proceedings  of  the  Society,  in  regard  to  the  question  of 
the  relations  between  the  ISTational  Engineering  Societies  and  the 
Local  Associations  of  their  members,  and  announced  that  such  rela- 
tions would  be  the  subject  for  special  discussion  at  the  July  meeting. 

A  letter  from  the  National  Conference  on  City  Planning  inviting 
the  Association  to  appoint  delegates  to  its  Convention  in  Cleveland, 
Ohio,  on  June  5th- 7th,  1916,  was  read  by  the  Secretary,  who  announced 
that  the  letter  had  been  received  too  late  to  comply  with  the  request. 

A  letter  from  Governor  Lister  was  read  asking  the  Association  to 
appoint  three  delegates  to  a  conference  to  be  held  in  Tacoma,  on  July 
llth-12th,  1916,  to  consider  and  formulate  a  Water  Code  for  the  State 
of  Washington.  On  motion,  duly  seconded,  the  President  was  author- 
ized to  appoint  three  delegates  to  attend  the  Conference. 

On  motion,  duly  seconded,  it  was  also  decided  that  the  delegates 
of  the  Association  favor  a  uniform  Water  Code  for  the  State. 

The  President  announced  that  his  appointees  to  the  Water  Code 
Conference  would  undoubtedly  be  members  of  the  Legislative 
Committee. 

Mr.  E.  S.  Jackson,  of  Goodings,  Idaho,  addressed  the  meet- 
ing, briefly  describing  the  general  idea  and  workings  of  the  Idaho 
Water  Code. 

Adjourned. 

Southern  Calffornia  Association,  Organized  1914. 

President  William  Mulholland;  Secretary,  W.  K.  Barnard,  701 
Central  Building,  Los  Angles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  June.  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized  1914. 

President,  Ulysses  B.  Hough;  Secretary,  A.  D.  Butler,  Spokane, 
Wash. 

Texas  Association,  Organized  1913. 

President,  John  B.  Hawley;  Secretary,  J.  F.  Witt,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

President,  E.  C.  La  Rue;  Secretary-Treasurer,  H.  S.  Ivleinschmidt, 
306  Dooly  Building,  Salt  Lake  City,  Utah. 
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MINUTES  OF  MEETINGS  OF 

SPECIAL  COMMITTEES 

TO  REPORT  UPON  ENGINEERING  SUBJECTS 

Special  Committee  on  Concrete  and  Reinforced  Concrete 

May  5th,  1916.— The  meeting  was  held  at  the  House  of  the  Society. 
Present,  J.  K.  Worcester  (Chairman),  Robert  W.  Lesley,  and  Ilicliard 
L.  Humphrey   (Secretary). 

The  Secretary  presented  a  letter  from  the  Secretary  of  the  Society 
in  reference  to  finances. 

The  Committee  devoted  the  entire  day  to  consideration  of  the 
preliminary  draft  of  its  final  report. 

The  Committee  agreed  to  hold  its  final  meeting  at  the  Hotel  Tray- 
more,  Atlantic  City,  IST.  J.,  on  Friday,  June  30th,  1916,  at  10.00  a.  m., 
and  to  hold  its  next  meeting  at  the  House  of  the  Society  on  June 
6th.  1916. 

June  6th,  1916. — The  meeting  was  held  at  the  House  of  the 
Society.  President  J.  R.  Worcester  (Chairman),  Olaf  Hoff,  Robert 
W.  Lesley,  Arthur  N.  Talbot,  and  Richard  L.  Humphrey  (Secretary). 

The  Secretary  presented  a  communication  from  the  Secretary  of 
the  Society,  calling  the  Committee's  attention  to  the  discussion,  in 
the  May,  1916,  Proceedings,  by  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc. 
C.  E.,  of  the  paper  entitled  "Method  of  Designing  a  Rectangvdar 
Reinforced  Concrete  Flat  Slab,  Each  Side  of  Which  Rests  on  Either 
Rigid  or  Yielding  Supports",  by  A.  C.  Janni,  M.  Am.  Soc.  C.  E., 
which  was  published  in  February,  1916,  Proceedings. 

The  Committee  devoted  the  entire  day  to  the  consideration  of  its 
final  report,  adjourning  at  7.50  p.  M.,  to  meet  on  June  30th,  1916. 

June 30th  and  July  ist,  1916. — The  meetings  we^-e  held  at  the  Hotel 
Traymore.  Atlantic  City,  N.  J.  Present,  Joseph  R.  Worcester  (Chair- 
man), William  K.  Hatt,  Robert  W.  Lesley,  Arthur  N.  Talbot,  and 
Richard  L.  Humi^hrey   (Secretary). 

The  report  of  the  Sub-Committee  on  Ways  and  Means  was  received, 
and  on  the  request  of  the  Chairman  of  the  Sub-Committee,  Messrs. 
Edward  E.  Hughes,  of  the  American  Society  for  Testing  Materials, 
Olaff  HofF,  and  Robert  W,  Lesley,  were  appointed  a  committee  to 
confer  with  the  Society  relative  to  finances. 

The  following  motion  was  adopted: 

"That  a  Committee  on  'Editing',  to  consist  of  the  Secretary  and 
two  other  members  of  the  Joint  Committee,  be  appointed,  which  Com- 
mittee shall  be  instructed  to  embody  in  the  type  now  standing  such 
changes  as  shall  be  adopted  at  this  meeting  of  the  Committee.  This 
Committee  shall  be  authorized  to  revise  the  table  of  contents,  the 
running  headings  and  cross  references,  and  to  correct  typographical 
and  grammatical  mistakes  and  any  inconsistencies,  but  not  to  change 
the  meaning  of  any  portion  of  the  Report.  After  the  type  has  been 
corrected,  the  Committee  is  to  have  duplicate  proofs  sent  to  each 
member  of  the  Joint  Committee,  with  the  request  that  one  copy  be 
returned  with  any  changes  marked  which  may  be  discovered  and  with 
the  member's  written  assent  to  the  Report." 
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Messrs.  Sanford  E.  Thompson  and  Henry  H.  Quimby  were 
appointed  as  the  two  additional  members  of  this  Committee. 

The  Committee  reconvened  at  9.15  a.  m.  on  July  1st,  1916,  and 
spent  the  day  and  evening  in  completing  the  study  of  its  final  report, 
which,  as  amended,  was  adopted. 

Verbal  reports  of  the  discussion  of  the  work  of  the  Committee  at 
the  Annual  Convention  of  the  Society  at  Pittsburgh,  Pa.,  on  June 
27th,  1916,  were  considered,  and  the  following  resolution  was  adopted 
unanimously : 

"Whereas,  There  has  been  brought, to  the  attention  of  the  Special 
Committee  on  Concrete  and  Reinforced  Concrete  the  discussion  of  its 
work  which  took  place  at  the  Annual  Convention  of  the  American 
Society  of  Civil  Engineers,  in  Pittsburgh,  Pa.,  on  June  27th,  1916, 
therefore, 

"Be  It  Resolved,  That  the  Secretary  be  instructed  to  request  of 
the  Board  of  Direction  of  the  Society  a  copy  of  the  stenographic 
report  of  this  discussion." 

Special  Committee  on  Stresses  in  Railroad  Track 

May  loth  and  nth,  1916. — Three  sessions  were  held  at  the  Uni- 
versitv  of  Illinois,  Urbana,  111.  Present,  A.  N.  Talbot  (Chairman), 
A.  S.  Baldwin,  W.  J.  Burton,  Charles  S.  Churchill,  W.  C.  Cushing, 
Paul  M.  La  Bach,  C.  G.  E.  Larsson,  G.  J.  Ray,  and  F.  E.  Turneaure. 
There  were  also  present  Messrs.  Gennett  and  Morgan  (representing 
Robert  W.  Hunt  of  the  Committee),  and  E.  F.  Hanley  (representing 
Earl  Stimson  of  the  American  Railway  Engineering  Association). 

The  results  of  the  experimental  work  carried  out  on  the  track  of 
the  Illinois  Central  Railroad,  north  of  Champaign,  111.,  during  1915, 
were  discussed. 

Tests  on  distribution  of  pressure  through  sand  and  broken  stone 
ballast,  made  in  the  Laboratory  of  the  University  of  Illinois,  were 
presented  and  discussed. 

Plans  and  methods  for  further  tests  were  discussed  at  some  length, 
and  it  was  arranged  to  carry  on  additional  tests  on  the  Illinois  Cen- 
tral Railroad  to  cover  special  points,  and  then  to  make  the  next  tests 
on  the  Delaware,  Lackawanna  and  Western  Railroad. 

The  amount  of  funds  necessary  to  complete  the  experimental  work- 
planned  by  the  Committee  was  considered. 

After  the  adjournment  of  the  meeting,  a  number  of  the  members 
observed  an  exhibition  test  on  the  track  of  the  Illinois  Central  Rail- 
road, north  of  Champaign,  111.,  a  Mikado  locomotive  being  used. 

Special  Committee  on  Materials  for  Road  Construction 

June  17th,  1916 — The  meeting  was  held  at  the  House  of  the 
Society.  Present,  W.  W.  Crosby  (Chairman),  H.  K.  Bishop,  A.  W. 
Dean,  Charles  J.  Tilden,  George  W.  Tillson,  and  A.  H.  Blanchard 
(Secretary). 

The  minutes  of  the  meeting  of  April  22d,  1916.  were  read  and 
approved. 
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The  outline  and  scope  of  the  1917  Report  were  discussed,  and  a 
section  of  the  Eeport  was  adopted. 

It  was  decided  that  the  next  meeting  of  the  Committee  should  he 
held  on  June  2Gth,  191G. 

June  26th,  1916. — The  meeting  was  held  at  the  Society  House. 
Present,  George  W.  Tillson  (Chairman  pro  tern.),  A.  W.  Dean,  Nelson 
P.  Lewis,  Charles  J.  Tilden,  and  A.  H.  Blanchard  (Secretary). 

The  minutes  of  the  meeting  of  June  17th,  1916,  were  read  and 
approved. 

The  sections  of  the  1917  Report  relative  to  Stone  Block  and  Wood 
Block  Pavements  were  presented  hy  Mr.  Tillson,  discussed,  and  ten- 
tatively adopted. 

It  was  decided  to  hold  the  next  meeting  of  the  Committee  on  July 
8th,  1916,  at  the  House  of  the  Society. 

July  8th,  1916. — The  meeting  was  held  at  the  House  of  the  Society. 
Present,  George  W.  Tillson  (Chairman  pro  tern.),  Nelson  P.  Lewis, 
C.  J.  Tilden,  and  A.  H.  Blanchard  (Secretary). 

The  minutes  of  the  meeting  of  June  26th,  1916,  were  read  and 
approved. 

It  was  moved  and  carried  that,  in  considering  the  different  types 
of  pavements,  the  Committee  report  only  on  pavements  which  have 
heen  in  use  for  a  sufficient  length  of  time  to  demonstrate  their 
economic  value. 

The  sections  of  the  1917  Report  relative  to  Brick  and  Slag  Block 
Pavements,  as  presented  by  Mr.  Lewis,  and  those  pertaining  to 
Bituminous  Concrete  Pavements,  Types  A,  B,  and  C,  Asphalt 
Block  Pavements,  and  Sheet-Asphalt  Pavements,  as  presented  hy  Mr. 
Blanchard,  were  discussed  and  tentatively  adopted. 

On  motion,  the  Committee  adjourned  to  meet  at  the  call  of  the 
Chairman  about  the  middle  of  September,  1916. 

Special  Committee  on  Valuation  of  Public  Utilities 

July  3d-7th,  1916. — Thirteen  sessions  were  held  at  the  office  of 
the  Chairman  in  Boston,  Mass.  Present,  F.  P.  Stearns  (Chairman), 
C.  S.  Churchill,  W.  G.  Raymond,  H.  E.  Riggs,  W.  J.  Wilgus,  and 
J.  P.  Snow  (Secretary  pro  tern.). 

The  part  of  the  Report  now  in  galley  proof,  covering  the  Glossary, 
Introduction,  Fimdamental  Principles  of  Valuation,  Property  to  be 
Included,  Actual  Cost,  and  Reproduction  Cost,  was  thoroughly 
revised,  and  the  remaining  chapters  on  Reproduction  of  Land  Hold- 
ings, Development  Expense,  Depreciation,  and  Intangible  Values, 
were  discussed,  revised,  and  assigned  to  members  to  be  put  in  shape 
for  printing. 

The  meetings  were  adjourned  on  July  7th,  1916,  to  meet  in  Sep- 
tember for  further  perfecting  of  the  Report. 
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PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  33  West  Thirty-ninth 

Street,  New  York  City. 
American   Institute  of  Mining   Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
Architekten=Verein   zu   Berlin,  Wilhelmstrasse  92,  Berlin  W.   66, 

Germany. 

Associasao   dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920 
Walnut  Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Out., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 
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Engineers'  Society  of  Pennsylvania,  31  Soxith  Front  Street, 
Ilarrisburg-,  Fa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Build- 
ing', Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,  The  Minories,  Tower  Hill,  Lon- 
don. E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 
and  St.  Ann  Streets,  New  Orleans,  La. 

Memphis  Engineers'  Club,  Memphis,  Tenn. 
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ACCESSIONS  TO  THE  LIBRARY 

(From  May  2d  to  August  1st,  191G) 
DONATIONS* 
LEVEL  SECTION  TRANSPARENT  SCALES  FOR  PLATE  "A"  PROFILES 

For  Graduation,  Arch  Masonry,  and  Iron  Culverts.  By  F.  W. 
Steber.  Morocco,  9x3  in.,  illus.,  unpaged.  No  place,  The  Author, 
1915.    $2.50. 

These  scales  have  been  made,  it  is  stated,  for  estimating  quantities  from  profiles 
made  on  Plate  "A"  profile  paper.  They  are  engraved  on  celluloid  and  bound  in  a 
form  convenient  for  carrying  in  the  pocket.  For  all  ordinary  excavation  work 
and  for  transverse  ground  slopes  up  to  1  in  15,  the  scales,  it  is  stated,  are  prac- 
tically correct,  and  much  steeper  slopes  can  be  safely  estimated.  For  excavation 
and  embankment  there  are  three  graduation  tables  with  slopes  of  Vj  :  1.  1:1.  and 
IVa  :  1.  as  well  as  a  table  giving  negative  heights  and  quantities  for  various  bases 
and  slopes,  with  explanatory  text.  In  the  auxiliary  tables  the  units  are  a  prism 
of  profile  height  with  a  base  of  2  ft.  and  a  triangle  of  profile  height  with  a  slope 
of  %  to  1.  In  the  tables  for  arch  culvert  masonry  the  segmental  arch  is  used, 
as  suggested  in  Baker's  "Masonry  Construction".  These  tables  are  for  arches  of 
6,  8,  10,  12,  14,  and  16  ft.,  based  on  a  20-ft.  base  embankment  with  a  slope  of 
1%  to  1.  In  these  tables  the  scale  of  quantities  is  given  in  cubic  yards  and  shows 
nothing  below  a  3-ft.  cover  over  the  crown  of  the  arch.  The  tables  for  medium 
weight  cast-iron  culvert  pipe  include  24,  30,  36,  42,  48,  54,  and  60-in.  pipe,  based 
on  a  20-ft.  base  embankment  with  slopes  of  IV2  to  1.  The  scale  of  quantities  for 
these  pipes  is  in  tons  of  2  000  lb.  and  shows  nothing  under  a  cover  of  3  ft.  over 
the  top  of  the  pipe. 

THE  PORT  OF  BOSTON: 

A  Study  and  a  Solution  of  the  Traffic  and  Operating  Problems  of 
Boston,  and  Its  Place  in  the  Competition  of  the  North  Atlantic  Sea- 
ports. By  Edwin  J.  Clapp.  Cloth,  9x6  in.,  illus.,  12  -j-  402  pp.  New 
Haven,  Yale  University  Press,  1916.    $2.50. 

The  preface  states  that  this  book  is  the  outgrowth  of  a  private  report,  made  to 
the  Direttors  of  the  Port  of  Boston,  on  the  traffic  situation  in  Boston.  The 
subject-matter,  as  stated  in  the  secondary  title,  covers  not  only  the  traffic  problems, 
but  also  those  of  operation,  that  is,  the  cost  and  facility  of  terminal  operations  on 
which  depend  the  terminal  service  and  charges.  The  author,  it  is  said,  has  stated 
clearly  the  problems  of  the  port  and  has  indicated  the  main  lines  to  be  followed  in 
their  solution,  and  although  the  title  reads  "Port  of  Boston",  the  book,  it  is  stated, 
has  not  been  written  for  Boston  alone,  much  attention  having  been  given  through- 
out the  text  to  the  theory  of  port  charges  and  operations,  and  the  practices  of  other 
Atlantic  ports  relative  to  belt  lines,  lighterage,  elevator  charges,  and  port  indus- 
tries, are  also  cited.  The  Contents  are :  Part  I,  Traffic :  On  the  Meaning  of 
Port  Development  ;  A,  The  Terminal  Problem  ;  B,  Inland  Rates ;  C,  A  Solution  of 
the  Traffic  Problem;  D.  The  Coastwise  Traffic  Situation.  Part  II,  Operation:  A, 
Co-Ordinating  Rail  and  Oversea  Carriers ;  B,  Co-Ordinating  Rail  and  Coastwise 
Carriers  ;   Index. 

THE  TWO  BOOKS  ON  THE  WATER  SUPPLY  OF  THE  CITY  OF  ROME 

Of  Sextus  Julius  Frontinus,  Water  Commissioner  of  the  City  of 
Rome,  A.  D.  97:  A  Photographic  Reproduction  of  the  Sole  Original 
Latin  Manuscript,  and  Its  Reprint  in  Latin ;  Also  a  Translation  into 
English,  and  Explanatory  Chapters.  By  Clemens  Herschel,  Presi- 
dent, Am.  Soc.  C.  E.  Second  Edition.  Cloth,  Hi  x  8^  in.,  illus., 
24  -4-  23  4-  296  pp.  New  York,  London,  Bombay,  and  Calcutta, 
Longmans,  Green,  and  Co.,  1913.     $6.50. 

The  first  edition  of  this  work  was  published  in  1899,  and  this,  the  second,  edition 
was  issued  in  June,  1913.  The  object  of  the  book,  as  stated  in  the  Introduction,  Is 
to   present    for   the    edification    of   the    Engineering    Profession    a    translation    of    the 

*  Unless    otherwise    specified,    books    in    this    list    have    been    donated    by    the 
publishers. 
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work  of  Sextus  Jjlius  Frontinus,  the  study  of  which  has  boeii  the  author's  paotirae 
and  hobby  for  a  number  cf  years.  As  stated  in  the  title,  the  subjei  t-matter  con- 
sists of  a  photographic  reproduction  of  the  original  manuscript  which  Is  in  the 
Library  of  the  Benedictine  Monastery  at  Montecassino,  Italy,  where  the  author 
journeyed  in  1S07  to  examine  it.  This  is  followed  by  the  translation,  the  Latin 
and  English  being  on  opposite  pages,  of  Frontinus'  work  which  is  a  history  cf  the 
conditions  relative  to  the  water  supply  of  Rome,  its  sources,  re.servoirs,  distribu- 
tion systems,  operation,  maintenance,  laws,  etc.  The  translation  i.s  followed  by 
explanatory  chapters  by  the  author,  in  which  he  describes  and  illustrate.;  in  detail, 
from  the  viewpoint  of  a  hydraulic  engineer,  the  work  accomplished  by  Frontinus, 
The  Contents  are:  Litrcduction  ;  Photographic  Reproduction  of  the  Montecassino 
Codrx  ;  Ivlii  Frontini  de  Agris  Urbis  Romae  Libri  II  ;  The  Two  Books  on  the 
■^'ater  Supply  of  the  City  of  Rome  of  (Sextus)  Julius  Frontinus;  Index  of  Proper 
Names  to  the  "II  Books"  ;  Explanatory  Chapters :  Some  Account  of  the  Life  and 
Works  of  Sextus  Julius  Frontinus  ;  Springs,  Wells,  and  Rain- Water  Cisterns  in 
Ancient  Rome;  Frontinus'  Description  of  the  Nine  Aqueducts;  Aqueduit  Building, 
and  the  Waters  of  the  Aqueducts  ;  Measuring  Water,  A.  D.  97  ;  Hydraulics  After 
Frontinus'  Time;  Arithmetic,  A.  D.  97,  Among  the  Romans;  The  Distribution 
System  ;  Operation  ;  Maintenance  and  Repairs  ;  The  Law  of  Water-Rights  in  Rome, 
A.  D.  97  ;  The  Character  of  the  Water  Commissioner,  Sextus  Julius  Frontinus  ; 
Appendix  to  Chapter  XI   (Water  Rights)  ;  Index  to  Explanatory  Chapters. 

MASONRY  DAM  DESIGN 

Including:  High  Masonry  Dams.  By  Charles  E.  Morrison  and 
Orrin  L.  Brodie,  M.  Am.  Soc.  C.  E.  Second  Edition,  Revised  and 
Enlarged.  Cloth,  9i  x  6  in.,  illus.,  9  +  276  pp.  New  York,  John  Wiley 
tS:  Sons,  Inc.;  London,  Chapman  &  Hall,  Limited,  1916.     $2.50. 

The  third-year  students  in  the  Department  of  Civil  Engineering  at  Columbia 
University  are  required,  it  is  stated,  as  part  of  their  class  work,  to  submit  a 
design  of  a  masonry  dam,  and  as  an  aid  in  this  problem  they  have  been  furnished, 
it  is  said,  with  copies  of  "Notes  on  the  Theory  and  Design  of  High  Masonry  Dams", 
by  William  H.  Burr,  M.  Am.  Soc.  C.  E.,  which  is  based  on  the  method  of  calculating 
the  cross-sections  of  high  masonry  dams  devised  by  Edward  Wegmann,  M.  Am. 
Soc.  C.  E.  In  his  treatment  of  the  subject,  however,  Mr.  Wegmann  has  omitted 
the  effects  of  uplift,  ice  thrust,  etc.,  on  such  dams,  and  in  this  book,  it  has  been 
the  aim  of  the  authors  to  supply  these  omissions,  together  with  a  brief  statement 
regarding  recent  investigations  relative  to  more  accurate  determination  of  variations 
of  stress  in  masonry  dams.  In  this  second  edition  the  authors,  it  is  said,  have 
amplified  some  of  tlie  features  which,  in  the  first  editiin.  were  only  touched  on. 
Chapters  en  the  Overfall  and  Arched  types  of  masonry  dams  have  been  added, 
together  with  cross-secticns  of  a  selected  series  cf  masonry  dams  arranged  chrono- 
logically for  the  purpose,  it  is  stated,  of  comparison  and  to  show  the  development 
of  such  dams  from  the  massive  Spanish  type  to  that  of  the  present.  Low  and 
medium-sized  dams  may  also  be  designed,  it  is  said,  according  to  the  theory  and 
methcds  given,  general  expressions  having  been  included  whenever  possible.  The 
formulas  relating  to  uplift,  ice  thrust,  etc.,  have  been  used  in  part,  it  is  stated, 
in  connection  with  the  design  of  the  large  dams  for  the  new  water  supply  cf  the 
City  of  New  York  and  the  computations  for  the  design  of  high  masonry  dams  are 
appended  to  facilitate  the  ready  comprehensio'n  and  application  of  the  formulas 
presented.  The  Contents  are  :  Upward  Pressure  and  Ice  Thrust  ;  Preliminary  Consid- 
erations ;  Development  of  Formulae  ;  Investigation  Forraulje  :  The  Design  of  a 
Masonry  Dam  ;  Weir  or  Overfall  Type  of  Dam  ;  The  Arch  Dam  ;  Recent  Considera- 
tions of  the  Condition  of  Stress  in  a  Masonry  Dam  ;  Appendix  I,  Derivation  of  Canti- 
lever Equations  ;  Appendix  II,  Derivation  of  Arch  Equations  ;  Cross-Sections  of 
Existing  Masonry  Dams  ;  Index. 

HYDRAULIC  FLOW  REVIEWED: 

A  Book  of  Reference  of  Standard  Experiments  on  Pipes,  Channels, 
Notches,  Weirs,  and  Circular  Orifices,  Together  with  New  Formulae 
Relating  Thereto.  By  Alfred  A.  Barnes.  Cloth,  9|  x  6^  in.,  illus., 
11  +  158  pp.  London,  E.  &  F.  N.  Spon,  Limited;  New  York,  Spon  & 
Chamberlain,  1916.     $4.50.     (Donated  by  Spon  &  Chamberlain.) 

The  author  having  found,  in  his  work,  great  diversity  in  the  values  of  the 
coefficients  generally  used  in  discharge  formulas,  investigated  the  subject  and  made 
a  series  of  experiments  from  which  he  evrlved  the  new  and  simple  formulas  pre- 
sented in  this  book.  He  has  shown,  it  is  stated,  that,  given  the  physical  conditions, 
the  value  of  the  coefficient  in  his  formulas  depends  only  on  the  type  or  class  of 
pipe,    channel,    etc.,    and    does    not    vary    with    either    dimensions    or    gradient,    and 
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also  that  such  a  formula  or  equation  can  be  found  to  fit,  with  great  accuracy,  every 
diameter  and  hydraulic  gradient  of  pipe  of  any  well-known  size  and  every  size 
and  gradient  of  channel  of  fully  described  character.  The  tables  in  the  second 
part  of  the  book  also  show,  it  is  said,  that  a  similar  equation  or  formula  can  be 
found,  which  represents  with  greater  accuracy  the  flow  through  orifices,  weirs,  and 
notches.  All  the  published  experiments  used  for  determining  the  author's  formulas 
have  been  tabulated  and  are  contained  in  the  Appendices.  The  formulas  are  given 
at  the  head  of  the  tables,  and  the  calculated  values  corresponding  to  the  experimental 
values  have  been  scheduled,  a.5  well  as  the  percentages  of  difference.  Throughout 
the  investigations,  no  assumptions  whatever  have  been  made,  the  author,  it  is  said, 
having  used  only  those  results  actually  obtained  in  reliable  experiments  by  various 
authorities,  and,  to  that  extent,  the  formulas  must  be  regarded  as  empirical. 
Logarithms  have  been  used  in  calculating  the  results  and  such  use  is  described  in 
detail  in  the  text,  a  few  examples  being  given  on  the  plates  at  the  end  of  the 
book.  English  measurements  only  have  been  used,  and,  in  building  up  the  formulas, 
graphical  methods  have  been  applied.  A  short  list  of  standard  books  on  the  subject 
is  included.  The  Contents  are :  Pt.  I.  Determination  of  the  Coefficients  in  the 
Logarithmic  Formula  for  the  Flow  of  Water  in  Pipes  and  Channels  ;  Pt.  II,  The 
Measurement  of  Water  by  Means  of  Triangular  Notches,  Weirs  and  Circular  Orifices  ; 
The  Abolishment  of  the  Varying  Coefficient;  Triangular  Notches;  Rectangular  Weirs, 
with  Pull  End  Contractions  ;  Rectangular  Weirs,  without  End  Contractions : 
Formulae  for  the  Two  Types  of  Weirs  Contrasted  ;  Circular  Orifices  ;  Conclusion  and 
Summary ;  Working  Tables  and  Diagrams  ;  Appendix  :  The  Discharge  of  the 
Rochester   Pipe   Line   in    1S76  ;    Index. 

HYDRAULICS. 

By  E.  L.  Dauglierty.  Cloth,  9-1  x  6  in.,  illus.,  14  +  267  pp.  New 
York  and  London,  McGraw-Hill  Book  Company,  Inc.,  1916.     $2.50. 

This  book,  it  is  stated,  is  intended  primarily  for  students  who  are  required  to 
cover  a  wide  field  in  hydraulics  within  a  limited  time.  The  author's  main  idea  is, 
therefore,  to  present,  it  is  said,  only  fundamental  principles  as  clearly  and  concisely 
as  possible.  The  arrangement  and  presentation  of  the  subject-matter  have  been 
carefully  considered  with  the  view  of  connecting  one  part  with  another,  and  a 
number  of  diagrams  and  photographs  have  been  used  to  illustrate  the  text  in 
order,  it  is  said,  to  give  the  student  a  clearer  idea  of  the  characteristics  of  the 
machines  described.  The  treatment  of  the  subject  throughout  the  book  is  stated 
to  be  general,  special  cases  being  included  only  when  necessary  to  illustrate  some 
general  principle  or  to  make  it  clearer.  The  theory,  general  appearance,  construc- 
tion, and  arrangement  of  turbines  and  centrifugal  pumps  are  discussed,  together 
with  the  principles  of  their  operation,  but  discussion  of  their  design  has  been 
omitted  as  not  within  the  scope  of  this  work.  At  the  end  of  each  chapter,  the 
author  has  included  problems,  many  of  which  have  been  taken,  it  is  stated,  from 
actual  practice,  and  the  solution  of  those  involving  the  flow  of  water  is  made,  it  is 
said,  to  depend  on  applications  of  Bernoulli's  theorem.  Only  sufficient  information 
on  experimental  coefficients  and  empirical  factors  is  included,  it  is  stated,  to  give 
the  student  a  correct  idea  of  the  range  of  values  and  the  considerations  which 
enter  into  the  choice  of  a  suitable  value  for  a  given  case.  The  Chapter  headings 
are:  Introduction;  Intensity  of  Pressure;  Hydrostatic  Pressure  on  Areas;  Applica- 
tions of  Hydrostatics  ;  Hydrokinetics  ;  Applications  of  Hydrokinetics  ;  Flow  Through 
Pipes ;  Uniform  Flow  in  Open  Channels  ;  Hydrodynamics  ;  Description  of  the 
Impulse  Wheel  ;  Description  of  the  Reaction  Turbine  ;  Water  Power  Plants  ;  Theory 
of  the  Impulse  Wheel  ;  Theory  of  the  Reaction  Turbine  ;  Turbine  Laws  and  Factors  ; 
The  Centrifugal  Pump  ;   Appendix  :    Tables  ;    Index. 

BRIDOe  ENQINEERINQ. 

By  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.  Cloth,  9^  x  6  in.,  illus., 
2  V.  New  York,  John  Wiley  &  Sons,  Inc.;  London,  Chapman  &  Hall, 
Limited,  1916.    $10.00.     (Donated  by  the  Author.) 

In  these  volumes  which,  it  is  stated,  are  in  a  certain  sense  a  record  of  the 
author's  lifework,  it  has  been  his  aim  to  give  all  the  information  concerning  every 
branch  of  bridgework,  which  he  has  been  able  to  accumulate  during  a  practice  of 
40  years.  This  work,  it  is  stated,  is  not  a  new  edition  of  the  author's  previous 
book,  "De  Pontibus",  but  portions  of  the  latter,  revised  and  brought  up  to  date, 
have  been  included.  He  has  also  quoted  freely  from  papers  presented  by  himself 
before  various  scientific  societies.  The  preface  states  that  the  work  should  prove 
useful  to  all  engineers  engaged  in  the  design  and  construction  of  bridges,  especially 
the  younger  and  less  experienced  men,  for  not  only  are  the  principles  of  design 
described  and  illustrated,  but  such  matters  as  loads,  intensities,  materials,  esthetics, 
econom.ics,  and  business  methods,  are  treated  exhaustively.  Various  tables  and 
diagrams    are   also    included,    by   which    close   estimates    of    costs    may    be   made   for 
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nearly  everv  kind  of  bridge  ami  of  any  length  and  size,  regardless  of  the  traffic 
carried.  Data  are  also  given  for  determining,  at  least  approximately,  the  weights 
of  metal  reciuired  by  the  use  of  alloy  steels  of  various  elastic  limits  for  spans  of 
unprecedented  width  and  length.  The  practical  treatment  of  the  various  .stresses 
for  bridges  is  explained,  as  well  as  standard  methods  of  computing  for  deflections 
and  proportioning  for  camber.  In  connection  with  the  statement  of  the  first  prin- 
ciples of  design,  their  applications,  etc.,  contained  in  Chapter  XV,  which,  the 
author  states,  is  the  most  important  chapter  in  the  book,  the  general  detailing  of 
all  kinds  of  fixed  spans  is  described.  Movable  spans  are  discussed  only  in  a  general 
and  descriptive  manner  in  Chapters  XXVIII  to  XXXI,  inclusive.  The  various 
methods  of  protecting  the  metal  work  ot  bridges  are  treated  at  length,  as  well  as 
those  for  the  protection  of  drawbridges,  etc.  In  Chapter  XXXVII,  the  practice  of 
the  design  and  construction  of  reinforced  concrete  bridges  is  described  in  detail, 
and  specifications  for  such  bridges  are  also  included,  but  the  theory  is  omitted, 
except  certain  formulas  which  have  been  established  in  the  author's  office,  for  the 
reason  that  the  subject  is  fully  discussed  in  various  other  books,  the  titles  of  which 
are  given.  All  kinds  of  substructures,  such  as  foundations,  coffer-dams,  piles, 
piers,  etc.,  are  described  and  illustrated  in  Chapters  XXXVIII  to  XLV,  inclusive, 
including  specifications  and  explanations  of  how,  when,  and  where  to  adopt  the 
different  types.  Chapters  XLVI  to  LI,  inclusive,  and  Chapter  LIV,  are  devoted  to 
work  preliminary  to  the  actual  design  of  bridges,  such  as  surveys,  borings.  Govern- 
ment requirements,  hydrographic  surveys,  etc.,  and  the  esthetics  and  true  economy 
in  design  are  fully  discussed  in  Chapters  LII  and  LIII.  Quantities  of  materials 
of  various  kinds  used  in  bridge  construction  are  given  in  Chapters  LV  and  LVI,  and 
subsequent  chapters  (LVII.  and  LXVIII  to  LXX,  inclusive^  relate  to  the  prepara- 
tion of  estimates,  specifications,  contracts,  and  reports.  A  thorough  description  of 
the  various  phases  of  office  practice  is  given  in  Chapter  LVIII,  and,  in  Chapter  LIX, 
the  inspection  of  materials  of  all  kinds  is  discussed  in  detail.  Chapters  LX  to 
LiXV,  inclusive,  cover  all  matters  relative  to  field  engineering,  such  as  triangulation, 
erection,  falsework,  maintenance,  repairs,  etc.  Preliminary  to  his  chapter  on 
Specifications,  the  author  devotes  Chapters  LXVI  and  LXVII  to  the  status  of  bridge 
building  and  bridge  failures  and  their  lessons.  Chapters  LXXI  to  LXXV,  inclusive, 
relate  to  business  matters  connected  with  engineering,  and  the  ethics  of  bridge 
engineering  are  discussed  in  Chapters  LXXVI  and  LXXVII.  Complete  specifications 
governing  the  design  of  superstructures  of  all  kinds  for  bridges,  trestles,  viaducts, 
and  elevated  railroads,  with  a  clause  index  for  computers,  are  given  in  Chapter 
LXXVIII,  and  Chapter  LXXIX  contains  complete  specifications  governing  the 
manufacture  and  erection  of  superstructures,  substructures,  approaches,  and  all 
accessory  works  for  bridges,  trestles,  viaducts,  and  elevated  railroads.  There  is 
also  a  clause  index  to  this  cliapter  to  facilitate  the  use  of  the  specifications.  Chap- 
ter LiXXX  contains,  it  is  said,  the  most  complete  glossary  of  technical  terms  used 
in  bridgework,  that  has  ever  been  compiled.  In  addition  to  the  General  Index, 
the  author  has  given  separate  lists  of  the  various  illustrations  and  tables,  arranged 
by  chapter  and  number.  Although  not  intended  as  a  textbook  for  engineering 
students,  it  is  stated  that  the  volumes  are  well  adapted  to  supplement  the  standard 
works  used  in  the  classroom,  and  they  may  also  serve  for  general  reference  in 
technical   and  public  libraries. 

THE  THEORY  AND  PRACTICE  OF  MODERN  FRAMED  STRUCTURES 

Designed  for  the  Use  of  Schools  and  for  Engineers  in  Professional 
Practice.  By  the  Late  J.  B.  Johnson,  C.  W.  Bryan,  and  P.  E. 
Turneaure,  Members,  Am.  Soc.  C.  E.  Part  III,  Design.  Ninth  Edi- 
tion, Rewritten  by  F.  E.  Turneaure  and  W.  S.  Kinne.  Cloth,  9:}  x  6 
in.,  illus.,  12  -\-  486  pp.  New  York,  John  Wiley  &  Sons,  Inc.;  London, 
Chapman  &  Hall,  Limited,  1916.    $4.00. 

The  preface  states  that  this  book  is  the  third  of  a  series  of  three  volumes  con- 
stituting a  complete  re-writing  of  "Modern  Framed  Structures",  first  published  in 
1893,  and  is  intended  primarily,  it  is  said,  as  a  textbook  on  bridge  design,  although 
some  of  the  general  features,  it  is  hoped,  may  be  of  interest,  and  value  to  the 
practicing  engineer.  In  this  edition,  certain  topics,  such  as  those  relating  to  build- 
ing construction,  elevated  tanks,  swing  bridges,  and  trestles,  have  been  omitted, 
owing,  it  is  stated,  to  the  development  and  specialization  in  structural  engineering. 
The  subject-matter  includes  first  a  discussion  of  certain  topics  of  fundamental 
importance  in  bridge  design,  which  is  covered  in  Chapters  I  to  VII,  inclusive. 
This  is  followed,  in  Chapters  VIII  to  XI,  by  detailed  analysis  and  design  of  the 
several  structures,  illustrating  the  principles  discussed  in  the  preceding  chapters. 
There  are  also  Appendices  containing  general  specifications  for  steel  railroad  bridges, 
tables  of  frequently  used  standards,  and  a  discussion  of  the  mechanics  of  unsym- 
metrical  bending.  The  Contents  are  :  Styles  of  Structures  and  Determining  Condi- 
tions ;  Working  Stresses — Tension  Members ;  Compression  Members ;  Combined 
Direct  and  Bending  Stresses — Secondary  Stresses ;  Riveted  Joints ;  Plate  Girder 
Bridges ;    Design    of    Truss    Bridges  ;    Design    of    a    Pin-Connected    Railway    Bridge  , 
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Riveted  Trusses  :  Design  of  a  Riveted  Highway  Bridge  ;  Design  of  Steel  Roof 
Trusses  ;  Appendix  A,  General  Specifications  for  Steel  Railway  Bridges  ;  Appendix 
B,   Tables   and   Standards  ;   Appendix   C,    Unsymmetrical    Bending. 

ENGLISH  AND  AMERICAN  TOOL  BUILDERS. 

By  Joseph  Wickham  Eoe.  Cloth,  9i  x  6^  in.,  15  +  315  pp.  New 
Haven,  Yale  University  Press,  1916.     $3.00. 

The  purpose  of  this  book,  part  of  which  has  appeared  in  the  American  Machinist, 
is  to  bring  out,  the  preface  states,  the  importance  of  the  work  and  influence  of  the 
great  tool  builders  whose  art  has  been  fundamental  to  all  modern  industrial  arts, 
for  without  machine  tools,  it  is  said,  modern  machinery  could  not  be  built.  The 
author,  it  is  stated,  has  tried  to  trace  the  origin  and  rise  of  tool  building  in 
America  and  describe  something  of  its  spread  in  recent  years.  He  has  confined  him- 
self, therefore,  it  is  said,  to  the  main  lines  of  influence  in  tool  building  and  to 
the  personalities  and  cities  which  have  been  most  closely  identified  with  it.  At 
the  end  of  the  book,  there  has  been  included  a  bibliography  on  Tool  Building,  and 
it  is  hoped  that  the  volume  will  stimulate  interest  in  the  lives  and  work  of  the 
pioneer  tool  builders  to  whom  the  Engineering  Profession  owes  so  much.  The 
Chapter  Headings  are :  Influence  of  the  Early  Tool  Builders ;  Wilkinson  and 
Braniah  ;  Benthain  and  Brunei  :  Henry  Maudslay  :  Inventors  of  the  Planer  ;  Gearing 
and  Millwork  ;  Fairbairu  and  Bodmer  ;  James  Nasmyth  ;  Whitworth  ;  Early  Ameri- 
can Mechanics  ;  The  Rise  of  Interchangeable  Manufacture ;  Whitney  and  North  ; 
The  Colt  Armory  ;  The  Colt  Workman — Pratt  &  Whitney  ;  Robbins  &  Lawrence  ; 
The  Brown  &  siiarpe  Manufacturing  Company ;  Central  New  England  ;  The 
Naugatuck  Valley  ;  Philadelphia  ;  Tbe  Western  Tool  Builders  ;  Appendix  A  ;  Appendix 
B,   1  he  Jennings  Gun  ;   A  Partial  Bibliography  on  Tool  Building  ;    Index. 

INDUSTRIAL  USES  OF  FUEL  OIL. 

By  F.  B.  Dunn.  Cloth,  8|  x  5J  in.,  illus.,  235  pp.  San  Francisco, 
Technical  Publishing  Company,  1916.     $3.00.  :: 

This  book,  it  is  stated,  is  intended  to  be  a  practical  exposition  of  the  use  of 
fuel  oil  for  various  industrial  purposes,  and  has  been  written  for  the  use  of  practical 
men.  The  subject-matter  contains,  it  is  said,  brief  descriptions  of  many  of  the 
manufacturing  processes  in  which  oil  may  be  used  as  fuel,  and  these  descriptions 
are  followed,  in  each  case,  by  detailed  directions  for  furnace  and  boiler  arrangement 
as  well  as  approved  methods  of  operation.  From  a  study  of  the  text,  the  engineer, 
architect,  plant  superintendent,  manager,  fuel  oil  salesman,  and  efficiency  expert 
should  be  able  to  judge,  it  is  said,  as  to  the  applicability  of  fuel  oil  to  their  pur- 
poses, and  Chapters  XVI  and  XVII,  on  Furnace  Efficiency  and  Tests,  in  which 
descriptions  of  how  boiler  losses  may  be  checked  and  true  efficiency  determined, 
should  prove  of  value,  it  is  stated,  to  operating  engineers.  The  Contents  are  :  Oil 
as  a  Fuel  ;  Oil  Storage  and  Pumping  Systems  ;  Boiler  Furnace  Arrangement  :  Oil 
Burners;  Oil  Strainers  and  Heaters;  Oil  in  the  Clay,  Lime  and  Cement  Industries; 
Oil  in  the  Glass  Industry  ;  Oil  Burning  Locomotives  ;  Oil  in  the  Sugar  and  Rubber 
Industries  ;  Smelting  Furnaces  Fired  with  Oil  ;  Metallurgical  and  Shop  Furnaces ; 
Oil  in  the  Steel  Industry  ;  Fuel  Oil  for  Naval  and  Maritime  Purposes ;  Fuel  Oil 
for  Domestic  Purposes  ;  The  Rotary  System  of  Burning  Oil  ;  Furnace  Efficiency 
and  Combustion  ;  Tests  and  Reports  ;   Oil   for  Gas  Making ;   Index. 

CONCRETE  CONSTRUCTION  FOR  RURAL  COMMUNITIES. 

By  Roy  A.  Seaton.  (Agricultural  Engineering  Series.)  Cloth, 
81  X  5|-  in.,  illus.,  11  +  223  pp.  New  York  and  London,  McGraw-Hill 
Book  Company,  Inc.,  1916.     $2.00. 

Most  of  the  books  on  concrete  construction  now  available  have  been  written, 
it  is  stated,  for  the  engineer,  or  are  in  the  form  of  bulletins  dealing  cliieHy  with 
the  uses  to  which  concrete  can  be  put  in  rural  communities,  without  including  a 
systematic  treatment  of  the  fundamental  principles  governing  such  use.  The  exten- 
sion of  the  use  of  concrete  to  farms  and  rural  communities  generally,  has  made  a 
knowledge  of  its  valuable  properties  and  the  proper  methods  of  using  it  highly 
desirable,  and  has  developed,  it  is  said,  a  need  for  a  textbook,  such  as  this  volume, 
which  treats  of  the  essential  features  of  concrete  construction  in  a  thorough  but 
simple  manner.  In  preparing  this  volume,  the  author,  it  is  stated,  has  endeavored 
to  make  it  suitable  for  use  as  a  textbook  in  a  brief  course  on  concrete  construction 
for  agricultural  and  other  students  when  accompanied  by  laboratory  exercises  and 
field  construction,  and,  for  that  reason,  he  has  included  Chapter  II,  on  Cement 
Specification  and  Tests,  and  Chapter  VIII,  on  Strength  of  Reinforced  Concrete, 
which  are  not  necessary  to  the  use  of  tlie  non-technical  workman.  The  Contents 
are :     Introduction ;    Part    I,    Materials :    Cements   and    Limes ;    Cement    Specifications 
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and  Tests;  Aggregates.  Part  II,  Plain  Concrete:  Proportions  and  Quantities  of 
Materials;  Construction  of  FornT-- ;  Mixing  and  Handling  Concrete.  Part  III. 
Reinforced  Concrete:  General  Principles;  Strength  of  Reinforced  Concrete.  Part 
IV.  Miscellaneous  Matters:  Concrete  Surface  Finishes;  Stucco  and  Plaster  Work; 
Waterproofing  and  Coloring  Concrete  ;  Casting  in  Molds.  Part  V,  Typical  Appli- 
tations  of  Concrete:  Sidewalks.  Floors  and  Roads;  Tanks,  Cisterns,  and  Silos; 
Small    Highwa.v    Bridges    and    Culverts  ;    Index. 

THE  ENGINEER  IN  WAR 

With  Special  Reference  to  the  Training  of  the  Engineer  to  Meet 
the  Military  Obligations  of  Citizenship.  By  P.  S.  Bond,  M.  Am.  Soc. 
C.  E.  Reprinted,  with  Revisions  and  Additions,  from  the  Engineering 
Record.  Roan,  7^  x  5  in.,  illus.,  15  -|-  187  pp.  New  York,  McGraw-Hill 
Book  Company,  Inc. ;  London,  Hill  Publishing  Co.,  Ltd.,  1916.     $1.50. 

In  presenting  this  volume  to  the  Engineering  Profession,  the  author,  it  is  said, 
does  not  intend  to  provide  a  treatise  on  military  field  engineering,  on  which  sub- 
ject many  textbooks  and  manuals  have  been  written.  The  subject-matter  of  this 
hook  consists,  as  stated,  of  a  brief  outline  of  the  relation  of  engineering  to  the  con- 
duct of  war  and  the  adaptation  of  the  principles  and  practices  of  civil  engineering 
thereto.  Although  intended  primarily  for  the  engineer  and  contractor,  it  is  hoped 
that  the  volume  may  prove  of  interest  to  all  who  contemplate  serving  their  country 
in  case  of  need.  There  is  included  a  bibliography  on  military  subjects  issued  by 
the  United  States  War  Department,  to  which  has  been  added  a  list  of  textbooks, 
and  there  is  also  a  glossary  of  military  terms  used  in  the  text.  The  Contents  are: 
The  Military  Policy  of  the  United  States;  General  Duties  of  the  Military  Engineer 
and  Economics  of  Military  Engineering ;  Tools  and  Equipment  Employed  in  Mili- 
tary Engineering ;  Stream  Crossings  ;  Military  Roads  ;  Field  Fortification  and  Siege 
Operations  ;  Military  Demolitions  ;  Military  Reconnaissance,  Sketching,  and  Survey- 
ing;  Military  Sanitation:  The  Mobilization  of  Material  Resources;  How  May  the 
Engineers  and  Contractors  of  America  Prepare  to  Meet  the  Military  Obligations 
of   Citizenship?;    Bibliography;    Glossary  of   Terms;    Index. 

THE  AMERICAN  ROAD: 

A  Non-Engineering  Manual  for  Practical  Road  Builders,  Treating 
of  the  Construction,  Administration,  and  Economics  of  Improved  Earth 
Roads.  By  James  I.  Tucker.  Cloth,  7^  x  5  in.,  illus.,  12  -\-  235  pp. 
Norman,  Okla.,  The  Author,  1916. 

The  preface  states  that  this  book  has  a  double  purpose,  namely,  to  present  to 
the  non-technical  reader  the  simple  facts  which  underlie  and  are  essential  to  sound 
road  work,  particularly  in  the  development  of  country  roads  in  the  United  States, 
and  to  furnish  material  for  a  brief  correspondence  course  for  road-builders.  The 
subject-matter  deals,  it  is  said,  wholly  with  "cheap"  roads,  but  the  necessity  of 
applying  sound  engineering  principles  to  such  roads  is  emphasized.  Road  economics 
and  administration  and  the  convict  question  are  briefly  considered,  followed  by  a 
short  discussion  on  location,  grades,  drainage,  etc.  Methods  of  construction  and 
maintenance  of  earth,  sand-clay,  "top-soil",  and  gravel  roads,  as  developed  in  the 
various  States,  are  discussed  in  detail,  with  their  costs,  as  well  as  the  materials 
which  have  been  used  successfully  in  such  roads.  There  is  also  an  outline  treat- 
ment and  elementary  discussion  of  such  road  structures  as  larger  culverts  and 
bridges,  and  a  chapter  on  legislation  in  which  the  legislative  steps  necessary 
to  the  most  economical  expenditure  of  public  money  on  public  roads.  The  author, 
it  is  said,  hopes  that  this  book  will  prove  helpful  to  engineers,  county  boards, 
county  commissioners  and  other  road  officials  and  that  it  will  lead  to  the  con- 
struction and  maintenance  of  the  greatest  number  of  good  roads  at  the  least  possi- 
ble cost.  The  contents  are :  General  Conditions  and  Preliminary  Studies ;  Road 
Economics ;  Road  Administration  ;  Convicts  and  Road  Work  ;  Earth  Road  Con- 
struction ;  Cost  Accounting  and  Earthwork  ;  Earth  Road  Maintenance ;  Waterways  ■, 
Bridges  ;  Road  Finance  ;  Stone  Roads ;  Gravel  Roads ;  Sand-Clay  Roads ;  Road- 
Building  with  Oils  ;    Needed   Legislation  ;    Index. 

CITY  PLANNING  : 

A  Series  of  Papers  Presenting  the  Essential  Elements  of  a  City 
Plan.  Edited  by  John  Nolen.  (National  Municipal  League  Series.) 
Cloth,  7f  X  5i  in.,  illus.,  26  -f  447  pp.  New  York  and  London,  D. 
Appleton  and  Company,  1916.     $2.00. 

Although  some  attention  is  devoted  to  problems  of  municipal  organization  and 
administration    in    their    relations   to    city    planning,    this   book,    it    is    stated,    is   con- 
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cerned  primarily  with  the  nature,  purposes  and  methods  of  such  planning.  The 
subject-matter  consists  of  a  collection  of  essays  on  the  subject  by  sixteen  men  of 
recognized  knowledge  and  practical  experience  in  that  particular  part  of  city 
planning  of  which  they  write.  These  essays,  it  is  said,  form  a  carefully  related 
series  which,  taken  together,  cover  the  essential  elements  of  a  city  plan,  presenting 
a  convenient  summary  of  American  practice  and  an  embodiment  of  good  methods 
and  practice  in  such  work.  At  the  end  of  each  chapter  there  is  appended  a  selected 
list  of  books  and  articles  on  the  subject  discussed,  and,  at  the  end  of  the  book, 
there  is  a  brief  bibliography  of  the  most  authoritative  works  and  papers  on  the 
subject  of  city  planning  as  a  whole.  The  text  is  fully  illustrated,  and,  following 
the  preface,  are  brief  biographical  sketches  of  the  contributors.  The  Contents  are: 
Introduction,  by  Frederick  Law  Olmsted  ;  the  Subdivision  of  Land,  by  John 
Nolen  ;  Public  Control  of  Private  Real  Estate,  by  Frank  Backus  "Williams ;  Local 
and  Minor  Streets,  by  Edw;ard  Henry  Ronton  ;  Public  Buildings  and  Quasi-Public 
Buildings,  by  Edward  H.  Bennett ;  Neighborhood  Centers,  by  Arthur  Coleman 
Comey ;  General  Recreation  Facilities,  by  J.  Horace  McFarland  ;  Park  Systems, 
by  John  Nolen  ;  Water  Supply  and  the  City  Plan,  by  Caleb  Mills  Saville ;  Non- 
Navigable  Waters,  by  Arthur  A.  Shurtleft  ;  Navigable  Waters,  by  E.  P.  Goodrich ; 
Railroads  and  Industrial  Districts,  by  George  R.  Wadsworth  ;  Transportation  and 
Main  Thoroughfares  and  Street  Railways,  by  Benjamin  Antrim  Haldeman  ;  The 
Effect  of  Rapid  Transit  on  the  City  Plan,  by  John  Vipond  Davies  ;  Residential  and 
Industrial  Decentralization,  by  James  Ford  ;  Fundamental  Data  for  City  Planning 
Work,  by  George  Burdett  Ford  ;  City  Financing  and  City  Planning,  by  Flavel 
Shurtleff  ;  City-Planning  Legislation,  by  Charles  Mulford  Robinson  ;  General  Bibliog- 
raphy ;  Index. 

THEORY  OF  ERRORS  AND  LEAST  SQUARES : 

A  Textbook  for  College  Students  and  Research  Workers.  By  LeRoy 
D.  Weld.  Cloth,  7i  x  5  in.,  illus.,  12  +  190  pp.  New  York,  The 
Macmillan  Company,  1916.    $1.25. 

Few  branches  of  mathematics,  it  is  stated,  have  wider  applicability  to  general 
scientific  work  than  the  Theory  of  Errors  and  there  are  few  mathematical  implements 
capable  of  greater  usefulness  to  the  research  worker  than  the  Method  of  Least  Squares, 
but  the  student,  it  is  said,  is  rarely  given  the  opportunity  of  acquiring  facility 
along  these  lines.  This  volume,  the  preface  states  embodies  material  used  by  the 
author  as  lecture  notes  during  the  last  12  years,  and  the  subject  is  presented 
herein,  it  is  said,  in  such  a  simple  and  concise  form  as  to  be  useful  not  only  as  a 
textbook  for  the  student  but  also  as  a  handy  reference  for  the  research  worker. 
The  illustrative  examples  and  problems  contained  in  the  text  are  drawn  from  vari- 
ous branches  of  science,  suggesting,  it  is  said,  a  wide  range  of  possible  application, 
but  no  attempt  has  been  made  at  an  exhaustive  treatment.  Some  of  the  special 
methods  used  by  expert  computers  have  been  omitted  purposely,  it  is  stated,  and 
a  few  of  the  more  complicated  mathematical  discussions  are  included  in  the  Appen- 
dix for  the  convenience  of  the  student,  and  referred  to  in  the  text.  The  Chapter 
headings  are  :  On  Measurement ;  On  the  Occurrence  and  General  Properties  of  Errors  ; 
On  Probabilities  ;  The  Error  Equation  and  the  Principle  of  Least  Squares  ;  On  the 
Adjustment  of  Indirect  Observations  ;  Empirical  Formulas  ;  Weighted  Observations  ; 
Precision   and   the   Probable   Error ;    Appendix  ;    Supplementary    Notes, 

OXY=ACETYLENE  WELDING  AND  CUTTING 

Electric,  Forge  and  Thermit  Welding,  Together  with  Related 
Methods  and  Materials  Used  in  Metal  Working  and  the  Oxygen  Process 
for  Removal  of  Carbon.  By  Harold  P.  Manly.  Cloth,  6|  x  4J  in.,  illus., 
215  pp.     Chicago,  Frederick  J.  Drake  &  Co.,  1916. 

As  stated  in  the  secondary  title,  the  author's  aim,  in  this  book,  has  been  to 
cover  not  only  the  several  processes  of  welding,  but  also  other  and  closely  allied 
processes  which  form  a  part  of  the  subject  of  joining  metal  to  metal  with  the  aid 
of  heat.  He  has  also  discussed,  it  is  said,  other  operations  which  precede  or  follow 
the  actual  joining  of  the  metal  parts,  the  purpose  of  which  is  to  add  or  retain  cer- 
tain desirable  qualities  in  the  materials  being  handled,  such  as  annealing,  temper- 
ing, hardening,  heat  treatment,  and  the  restoration  of  steel.  Much  practical  infor- 
mation is  also  given,  it  is  stated,  on  the  uses  and  characteristics  of  the  various 
metals,  on  the  production,  handling,  and  use  of  the  gases  and  other  materials 
which  are  part  of  the  equipment,  and  on  the  tools  and  accessories  for  the  produc- 
tion and  handling  of  these  metals.  All  theoretical,  historical,  and  similar  matter 
not  absolutely  necessary  to  the  practical  workman  has  been  eliminated,  it  is  said, 
the  descriptions  being  limited  to  present-day  methods  and  practice,  including  the 
application  of  the  rules  laid  down  by  insurance  underwriters  governing  this  work, 
as  well  as  instructions  for  the  proper  care  and  handling  of  generators,  torches, 
and    materials    found    in    the    shop.      Although    the    volume    is    small    in    size,    the 
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praitual  workman,  it  is  stated,  will  find  all  the  data  necessary  to  a  l<nowledge  of 
botti  principle  and  practice,  preparation  and  finishing  of  the  work,  of  both  large 
and  small  repair  work,  and  of  the  nianul'a<  tnring  methods  used  in  metal  working. 
The  Contents  are  :  Metals  and  Alloys-Heat  Treatment ;  Welding  Materials  ;  Acety- 
lene Generators;  Welding  Instruments;  Oxy-Acetylene  Welding  Practice;  Electric 
Welding;  Hand  Forging  and  Welding;  Soldering.  Brazing,  and  Thermit  Welding; 
Oxygen  Process  tor  Removal  of  (Carbon  ;    Indtx. 

MACRAE'S  BLUE  BOOK,  1916  : 

America's  Greatest  Buying  Guide.  Cloth,  11^  x  8i  in.,  illus., 
various  pagings.  Chicago  and  ^ew  York,  MacRae's  Blue  Book  Com- 
pany, 1916.     $10.00. 

la  a  secondary  title,  it  is  stated  that  this  book  is  used  by  the  mechanical,  engi- 
neering, and  purchasing  departments  of  the  steam  and  electric  railways  of  North 
America,  by  mines,  contractors,  iron  and  steel  industries,  municipalities,  ship- 
builders, the  United  States  and  foreign  Governments,  and  others.  The  subject- 
matter  consists  of  a  Catalogue  Section  in  which  the  catalogues  of  various  manu- 
facturers have  been  collated  in  condensed  form  ;  an  Address  Section  containing 
an  alphabetical  list  of  firms  advertising  in  this  book  and  also  an  alphabetical  list 
of  their  representatives  ;  a  Classified  Material  Section  in  which  are  listed  in  alpha- 
betical order,  under  9  000  classifications,  the  names  and  addresses  of  various  manu- 
facturers of  railway  supplies,  iron  and  steel  products,  and  building  construction 
materials  ;  a  Trade  Name  Section  arranged  alphabetically  ;  a  Miscellaneous  Data 
Section  which  is  preceded  by  an  alphabetical  index,  containing  rules  and  tables  of 
special  Interest  to  the  man  who  specifies  or  buys  railway  and  building  materials, 
or  iron  and  steel  products  ;  a  Standard  List  Price  Section,  also  preceded  by  an 
alphabetical  index,  containing  standard  list  prices  for  building  materials  and  iron 
and    steel   products ;    and   a   Net   Discount   Computer. 

Gifts  have  also  been  received  from  the  following: 

Aeronautical    Inst,    of    Great    Britain.      2  Burlington,   Vt.-Water  Dept.      1  pam. 

pam.  California-Dept.  of  Eng.      1   pam. 

Alabama-State  Highway  Dept.  3  pam.  California-State  Board  of  Health.  4 
Alaska-Road  Comm.      1  pam.  pam. 

Alaska  Mexican  Gold  Min.  Co.  1  pam.  California-State  Reclamation  Board.  1 
Alaska  Treadwell  Gold  Min.  Co.     1  pam.  pam. 

Alaska  United  Gold  Min.  Co.     1  pam.  Cambridge.    Mass. -Water   Board.      1    pam. 

Albany,  N.  Y. -Bureau  of  Water.  1  pam.  Cambridge  Univ.  &  Town  Waterworks  Co. 
Alexandria  Water  Co.,  Ltd.     1  pam.  1    pam. 

Allen.  Kenneth.     1  pam.  Canada-Dept.  of  Marine.     1  vol. 

Alvord  &  Burdick.     1  vol.  Canada-Dept.  of  Mines.      1  vol. 

Am.  Assoc,  of  Univ.  Professors.  3  pam.  Canada-Dept.  of  Rys.  and  Canals.  1  vol.. 
Am.  Elec.  Ry.  Assoc.     1  vol.,  1  pam.  6  pam. 

Am.   Gas    Inst.      2   bound   vol.  Canada-Geol.    Survey.      4   vel. 

Am.   Inst,  of  Architects.     2  pam.  Canada-Irrig.    Branch.      2    pam.,    5   maps. 

Am.    Ry.     Master    Mechanics'     Assoc.       1  Canada-Mines      Branch      Librarian.        12 

bound  vol.  pam. 

Am.  Telephone  &  Telegraph  Co.  3  vol.  Canada-Water  Power  Branch.  4  vol.,  1 
Am.  Wood  Preservers'  Assoc.      1  vol.  pam. 

Arizona-State  Bureau  of  Mines.     20  pam.  Carnegie  Steel  Co.     1  pam.  "i 

Atlanta,  Ga.-City  Comptroller.  1  pam.  Chemin  de  Fer  de  Paris  a  Orleans.  1 
Atlantic  City,  N.  J. -Water  Dept.     2  pam.  vol. 

Atlantic  Deeper  Waterways  Assoc.      1  vol.  Chemin  de  Fer  du  Nord.     1   pam. 

Baker,  M.  N.     2  pam.  Chemins  de  Fer  de  I'Est.      1  vol. 

Beaton,  A.  J.  2  pam.  Chemins  de  Fer  de  Paris  a  Lyon  et  a  la 
Bihar    and    Orissa,     India-Public    Works  Mediterranee.      1    pam. 

Dept.  1  bound  vol.  Chicago  Junction  Rys.  &  Union  Stock 
Birmingham,     England-Water     Dept.        1  Yards  Co.      1  pam. 

pam.  China-Govt.   Rys.      1  pam. 

Blanchard,   Arhur  H.      1  pam.  Chittenden,  H.  M.     1   pam. 

Bombay    Presidency,    India-Public    Works  Cincinnati  Northern  R.  R.   Co.      1   pam. 

Dept.     1  pam.  City  Managers'  Assoc.     1  pam. 

Boston.    Mass. -Directors    of    the    Port    of  Cleveland,  Cincinnati,  Chicago  &  St.  Louis 

Boston.      1  bound  vol.  Ry.  Co.      1  pam. 

Boston,    Mass. -Finance    Comm.      1    bound  Colorado-Agricultural    Exper.    Station.      2 

vol.  pam. 

Boston   Soc.   of  Civ.  Engrs.      1  pam.  Colorado-Public   Utilities   Comm.      5   pam. 

Bowlby,  H.  L.     2   bound  vol.  Colorado-State   Agricultural    Coll.      1    vol. 

Brazil-Ministerio  da  Viacao  e  Obras  Pub-  Colorado-State    Insp.   of   Mines.      1   bound 

licas.      1   vol.  vol.,  2  pam. 

Bureau  of  Ry.  Economics.  6  pam.  Colorado  School  of  Mines  Magazine.  C 
Burlington,    Iowa-City   Council.      1    pam.  pam. 
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Colorado,  Univ.  of.      1  pam. 

Columbia  Univ.      1  pam. 

Columbus,  Ohio-Div.  of  Water.     1  pam. 

Concord,   N.   H.-City  Clerk.      3  bound  vol. 

Concord,    N.   H. -Public   Service  Comm.      1 

pam. 
Connecticut-Agricultural     Exper.    Station. 

2   pam. 
Connecticut-Public     Utilities     Comm.        1 

bound  vol. 
Connecticut  Soc.  of  Civ.  Engrs.     1  pam. 
Cooley,   Lyman   B.      1  pam. 
Cornell  Univ.     1  pam. 
Delaware  &.  Hudson  Co.     1  pam. 
Dist.    of    Columbia-Board    of    Commrs.      1 

pam. 
Dist.    of   Columbia-Health    Dept.   7    bound 

vol. 
Cooling,   Pecer  J.     2  bound  vol. 
du  Pont  de  Nemours  Co.,  E.  T.      1  pam. 
East  Indian   Ry.   Co.      1   pam. 
Easton,   Pa. -City  Clerk.      1   vol. 
Eddy,   Harrison   P.      1  pam. 
Edinburgh,      Scotland-City      Chamberlain. 

1  bound   vol. 

Eng.  Standards  Committee.     21  pam. 
Engrs'.  Club  of  Philadelphia.      1  pam. 
Engrs'.  Club  of  St.  Louis.     1   pam. 
Engrs'.  Soc.  of  Pennsylvania.     1  pam. 
Erie,    Pa. -Commrs.    of    Water-Works.       1 

pam. 
Erie  &  Pittsburgh  R.  R.  Co.     1  pam. 
Fall   River,   Mass. -Water-Works   Dept.      1 

pam. 
Fisher,  E.  A.     1  bound  vol.,  1  pam. 
Fitchburg,     Mass. -City    Clerk.       1     bound 

vol. 
Fitchburg,   Mass. -Sewage  Disposal   Comm. 

2  pam. 

Fletcher,   Duncan   N.      2   pam. 

Florida-Railroad  Comm.     1  pam. 

Florida,  Univ.  of.     1  vol. 

Forrest,    James.      1    pam. 

Gen.  Elec.  Co.     3  pam. 

Gilbreth,   Frank  B,     2  pam. 

Gloversville,      N.      Y. -Board      of      Water 

Commrs.     1  pam. 
Great   Indian   Peninsula  Ry.   Co.      1   pam. 
Hammond,    George   T.      1   pam. 
Harder,   H.  F.      1   pam. 
Haverhill,  Mass. -Board  of  Water  Commrs. 

1    pam. 
Haverhill,   Mass. -City  Engr.      1  pam. 
Hawaii-Dept.  of  Public  Works.     2  pam. 
Hawaii-Public  Utilities  Comm.     4  pam. 
Hawaii-Territorial    Board    of    Health.      2 

pam. 
Hawaii.  Coll.  of.      1  pam. 
Hearst's  Inter.   Library  Co.  1  bound  vol., 

1   pam. 
Holyoke,   Mass. -Board  of  Water  Commrs. 

1  pam. 

Holyoke,  Mass. -City  Engr.     1  pam. 
Horton,   Robert  E.     3  pam. 
Humphreys,  Alex.   C.      1   pam. 
Idaho-State   Highway   Comm.      1    pam. 
Illinois-Public  Utilities  Comm.     2  pam. 
Illinois-Rivers  and  Lakes  Comm.     2  bound 

vol.,    1   pam. 
Illinois-State  Geol.  Survey.      2  bound  vol., 

2  pam. 

Illinois-State  Laboratory  of  Natural  His- 
tory.     1    pam. 

Illinois   Soc.   of  Engrs.      1   vol. 

Illinois,  Univ.  of.      1  vol..  1   pam. 

Illinois,  Univ.  of. -Agricultural  Exper. 
Station.      1    pam. 


India-Public   Works   Dept.      1   pam. 
Indiana-Bureau    of    Legislative    Informa- 
tion.    1  pam. 
Indiana-State  Board  of  Accounts.     1  pam. 
Indiana-State  Board  of  Health.      1   bound 

vol. 
Indiana  San.  and  Water  Supply  Assoc.      1 

pam. 
Institution  of  Civ.  Engrs.     2  vol. 
Institution  of  Engrs.  and  Shipbuilders   in 

Scotland.      1   bound   vol. 
Institution  of  Mech.  Engrs.     1  vol. 
Inter.    Bng.    Congress.      4    bound    vol.,    4 

pam. 
Inter.   Joint  Comm.      1   vol. 
Iowa-State    Board    of    Health.       1    bound 

vol.,   1  pam. 
Iowa-State   Coll.   of   Agriculture   and   Me- 
chanic Arts.      1  vol.,  4   pam. 
Iowa,   Univ.  of.     2  vol.,   1  pam. 
Johns  Hopkins  Univ.      1  vol. 
Kansas-Agricultural     Exper.     Station.      2 

pam. 
Kansas-Public  Utilities  Comm.     1  pam. 
Kansas-Secy,  of  Stat?.     1   pam.  ■' 

Kansas-State  Board  of  Health.     2  pam.i^' 
Kansas,  Univ.  of.     3  pam. 
Kentucky-Geol.   Survey.      1    bound  vol.,    1 

pam. 
Kentucky-State   Forester.      1    pam. 
Kentucky,   Univ.  of.      1   vol. 
King  &  King.     1  pam. 
Koninklijk    Instituut    van    Ingenieurs.      1 

pam. 
Lincoln,    Nebr.-City   Clerk.      1   pam. 
Liverpool    Eng.    Soc.      1    vol. 
Louisiana-Board    of    Control,    New    Basin 

Canal   and   Shell   Road.      1   pam. 
Louisiana-Board  of  State  Engrs.     1  vol. 
Louisiana-State  Board  of  Health.     2  pam. 
Louisiana-Superv.   of   Public  Accounts.      1 

pam. 
Madras,     India-Public     Works     Dept.       1 

bound    vol. 
Maine-Dept.  of  Vital  Statistics.      1  bound 

vol. 
Maine-Forestry  Dist.      1   pam. 
Maine-Public    Utilities    Comm.       1    bound 

vol. 
Maine-State  Treasurer.     1  bound  vol. 
Maine,  Univ.  of.     1  pam. 
Manitoba,   Canada-Public  Utilities  Comm. 

1    vol. 
Markwart,  A.  H.     4  bound  vol. 
Marlborough,    Mass. -Water   and    Sewerage 

Comm.      1   pam. 
Maryland-Geol.  Survey.     2  bound  vol. 
Maryland-Public  Service  Comm.     1  bound 

vol. 
Massachusetts-Board    of    Gas    and     Elec. 

Light  Commrs.      1  vol. 
Masisachusetts-Clv.      Service      Comm.        1 

pam. 
Massachusetts-Comm.     on     Economy     and 

Efficiency.      3   pam. 
Massachusetts-Fire      Prevention      Commr. 

for  the  Metropolitan  Dist.     2  pam. 
Massachusetts-Harbor  and  Land  Commrs. 

1   bound  vol. 
Massachusetts-Homestead  Comm.     1  pam. 
Massachusetts-Metropolitan    Park    Comm. 

1    bound    vol. 
Massachusetts-Metropolitan      Water      and 

Sewerage  Board.     2  bound  vol. 
Massachusetts-Public    Service    Comm.       1 

bound  vol. 
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Mass;uhu;;etts-State    Board   of  Health.      1 
bound   vol..  2  pam. 

Massmhu-setts-State  Forester.     1  pam. 

.Matamoros,   Luis.      3  pam. 
'Mechanics  Inst,  of  San  Francisco.     1  pam. 

Medford.  Mass. -Water  and  Sewer  Commrs. 
1    pam. 

Memphis,   Tenn. -Artesian   Water   Dept.      1 
pam. 

Michigan-Agricultural    Coll.    Exper.    Sta- 
tion.     1    pam. 

Michigau-Geol.   and  Biological  Survey.      1 
bound   vol. 

Michigan-Public  Domain  Comm.     6  bound 
vol. 

Michigan-State  Board  of  Health.     1  bound 
vol.,   5   pam. 

Michigan,  Univ.  of.     1  vol.,  2  pam. 

Middlebiro,  Mass. -Officers  of  Fire  Dist.     1 
pam. 

Middletcn,      England-Medital      Officer      of 
Health.     1  pam. 

Milwaukee,  Wis. -Bureau  of  Municipal  Re- 
search.  1   pam. 

Minneapolis,        Minn. -Board        of        Park 
Commrs.      1    vol. 

Minnesota-Chf.  Insp.  of  Grain.     2  pam. 

Minnesota-Highway    Comm.      1    pam. 

Minnesota-R.    R.    and    Warehouse    Comm. 
1    pam. 

Mississippi-State     Board     of     Health.       1 
pam. 

Mississippi-State   Geol.    Survey.      1    bound 
vol.,  3  pam. 

Mississippi    Agricultural    and    Mech.    Coll. 
1   pam. 

Mississippi  River  Comm.     1  pam. 

Missouri,  Univ.  of.     2  pam. 

Missouri,    Univ,    of. -School    of   Mines    and 
Metallurgy.      2    pam. 

Montana-Agricultural    Coll.     Exper.     Sta- 
tion.    3  pam. 

Montana-State  Forester.      2   pam. 

Moore,   J.  Hampton.      1   pam. 

National  Board  of  Fire  Underwriters.     37 
pam. 

National  Fire  Protection  Assoc.     1  vol.,  2 
pam. 

National   Lumber  Mfrs.   Assoc.      2  pam. 

Nebraska-Geol.    Survey.      14    pam. 

Nebraska-State  Surv.      1  bound  vol. 

Nebraska,    Univ.   of.      1    vol. 

Nevada-Secy,  of  State.      1  pam. 

Nevada-State   Engr.      2   pam. 

New  Bedford,  Mass. -City  Engr.     1  pam. 

New    Jersey-Dept.    of    Conservation     and 
Development.      1   bound   vol. 

New  .Tersey-Dept.  of  State.      2  pam. 

New    Jersey-State    Board    of    Taxes    and 
Asses.sment.     2  pam. 

New  Mexico-State  Engr.     2  bound  vol. 

New    Orleans,     La. -Sewerage    and    Water 
Board.      1    vol. 

New  South  Wales-Dept.   of  Public  Works. 
1    vol. 

New    York    City-Board    of    Ei=tiniate    and 
Apportionment.      1   hound   vol. 

New    York    City-Board    of    Water    Supply. 
3   pam. 

New  York  City-Bureau  of  Bldgs.     1   pam. 

New   York   City-Dept.   of   Docks   and   Fer- 
ries.    1  bound  vol. 

New  York   City-Dept.  of  Health.      3   pam. 

New   York   State-Comm.   of   Highways.      1 
vol.,   1  pam. 

New  York  State-Commrs.  of  State  Reser- 
vation, Niagara  Falls,  N.  Y.     1  pam. 


New    York    State-Public    Service    Comm., 

First  Dist.      1   bound  vol. 
New    York    State-Public    Service    Comm., 

Second   Dist.      2   bound   vol.,   11    pam. 
New  York-Sccy.  of  State.     1  bound  vol. 
New    York-State    Civ.    Service    Comm.      1 

bound   vol. 
New    York-State    Comptroller.       1    bound 

vol. 
New    York-State    Conservation    Comm.      2 

pam. 
New  York-State  Dept.  of  Health.     2  bound 

vol. 
New  York-State  Engr.  and  Surv.     1  bound 

vol. 
New     York-State     Industrial     C.;mm.       2 

pam. 
New  York   Central  R.  R.   Co.      1   pam. 
New  York,  Chicago  &  St.  Louis  R.  R.  Co. 

1    pam. 
New  Zealand-Govt.  Statistician.      1   bound 

vol. 
North    Carolina-Agricultural    Exper.    Sta- 
tion.     2   pam. 
North     Carolina-Corporation     Comm.        1 

bound   vol. 
North    Carolina-Gcol.    and    Economic   Sur- 
vey.     2    pam. 
North  Dakota  State  School  of  Science.     2 

pam. 
North  Dakota,   Univ.  of.     2  pam. 
O'Gorman,    .James   A.      4   pam. 
Ohio-Franklin    County    Conservancy    Dist. 

1  vol. 
Ohio-Industrial   Comm.      1    pam. 
Ohio-Min.   Dept.      1   pam. 
Ohio-Public     Utilities     Comm.      1     bound 

vol.,   1  pam. 
Ohio-State    Board    of    Health.       1    bound 

vol.,   1  vol. 
Ohio   Eng.    Soc.      3    pam. 
Ontario,     Canada-Bureau     of     Mines.        1 

bound   vol.,    1    pam. 
Ontario,      Canada-Hydro-Electric      Power 

Comm.      1    vol. 
Oregon-Public  Service  Comm.     1  vol. 
Oregon-State  Engr.     1   pam. 
Pagon,   W.   W.      1   pam. 
Pan-Am.  Road  Congress.     1  vol. 
Pan-Am.   Soc.      1  bound  vol. 
Panama  Canal.     1  pam. 
Ptnnsylvania-Dept.    of    Health.      1    bound 

vol. 
Pennsylvania-Public     Service     Comm.       6 

pam. 
Pennsylvania   R.   R.   Co.      1   bound  vol.,   2 

pam. 
Pennsylvania  State  Coll.      1   vol. 
Pharr,  H.   N.      3  pam. 

Philadelphia    Rapid   Transit   Co.      1    pam. 
Pittsburgh,      Pa. -Carnegie      Library.        1 

pam. 
Portland,    Me.-Commr.    of    Public    Works. 

1   pam. 
Presidents'     Conference     Committee.        15 

pam. 
Princeton  Eng.  Assoc.     1  pam. 
Punjab.    India-Irrig.   Dept.      1   bound  vol., 

1   pam. 
Purdue   Univ.      1    pam. 
Rhode   Island-Commrs.   of   Inland   Fisher- 
ies.    1  pam. 
Rhode  Island-Factory  Insp.     1  pam. 
Rhode    Island-Public    Utilities    Comm.       1 

pam. 
Rhode      Island-State      Board      of      Public 

Roads.     2  pam. 
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Rhode    Islaud-State   Harbor    Improvement 

Comm.      4    pam. 
Richardson,  Clifford.     2  pam. 
Rochester  Eng.   Soc.     1  pam. 
Rutland   R,   R.   Co.     1   pam. 
St.  Paul,  Minn. -City  Comptroller.     1  pam. 
Sauerman,    H.    B.      1    pam. 
Schweizerische    Ingenieur    und    Architek- 

ten-Verein.      1   pam. 
Servis,  George  O.  W.      1  pam. 
Shanghai,     China-Municipal     Council.       1 

vol. 
Smithsonian    Institution.       1    bound    vol., 

8   pam. 
Sociedad  Cubana  de  Ingenieros.     1  vol. 
Societe     Generale    des     Chemins     de     Fer 

Economiques.      1   pam. 
Soc.  of  Chemical  Industry.     1  pam. 
Soc.  of  Naval  Archts.  and  Marine  Engrs. 

1   bound  vol. 
Somerville,    Mass.-City    Clerk.       1    bound 

vol. 
Somerville,  Mass.-Water  Commr.     1  pam. 
South  Carolina-State  Board  of  Health.      1 

pam. 
South  Carolina,  Univ.  of.     1  pam. 
South   Dakota-Dept.    of   History.      2    pam. 
South    Dakota-Dept.    of    Immigration.       1 

pam. 
South     Norwalk,     Conn. -Water     Dept.       1 

pam. 
Spofford,    Charles  M.      1   pam. 
Sweet's  Catalogue  Service,   Inc.      1   bound 

vol. 
Switzerland-Landeshydrographie.      2   pam. 

Syracuse  Univ.      1  vol.  ■ 

Tasmauia-Engr.-in-Chf.,      Public      Works 

Dept.     1  pam. 
Tasmania-Geol.   Survey.     5  pam. 
Taunton,    Mass.-Water    Commrs.      1    pam. 
Tennessee-Dept.    of    Fire    Prevention.       6 

pam. 
Texas-State  Board  of  Health.     1  pam. 
Texas,  Univ.  of.     1  pam. 
Thompson,   Slason.      1  pam. 
Throop  Coll.  of  Tech.     1  pam. 
Timonoff,  Vsevolod  E.      1  vol. 
Tufts   Coll.      1    pam. 
U.   S. -Bureau  of  Education.     1  pam. 
U.   S. -Bureau    of    Foreign    and    Domestic 

Commerce.     2  bound  vol. 
U.   S. -Bureau  of  Mines.     23  pam. 
U.   S. -Bureau  of  Ordnance,  Navy  Dept.     4 

pam. 
U.   S.-Bureau  of  Soils.      1  pam. 
U.   S.-Bureau  of  Standards.     19  pam. 
U.  S.-Bureau  of  Steam  Eng.     1  pam. 
U.   S.-Bureau    of    the    Census.       2    bound 

vol.,    1   pam. 
U.   S.-Civ.   Service  Comm.      1   pam. 
U.   S. -Coast  and  Geodetic  Survey.     1  vol., 

3  pam. 

U.   S.-Dept.  of  Agriculture.     9  pam. 

U.   S.-Dept.  of  Roads   and   Rural   Eng.      3 

pam. 
U.   S.-Dept.  of  the  Interior.     1  vol. 
U.  S.-Engr.     Office,     Buffalo,     N.     Y.       1 

specif. 
U.   S.-Engr.  Office,  Chicago,  III.     7  specif. 
U.   S.-Ehgr.    Office,    Cincinnati,    Ohio.       2 

specif. 
U.   S.-Engr.  Office,  Dallas,  Tex.     2  specif. 
U.   S.-Engr.     Office,      Duluth,      Minn.        3 

specif. 
U.   S.-Engr.    Office,    Grand    Rapids,    Mich. 

4  specif. 


U.   S.-Engr.    Office,    Honolulu,    Hawaii.      1 

specif. 
U.   S.-Engr.    Office,    Jacksonville,    Fla.      1 

specif. 
U.  S.-Engr.    Office,    Los    Angeles,    Cal.      2 

specif. 
U.   S.-Engr.    Office,    Milwaukee,    Wis.       3 

specif. 
U.   S.-Engr.  Office,  Mobile,  Ala.     2  specif. 
U.   S.-Engr.  Office,  New  London,  Conn.     2 

specif. 
U.   S.-Engr.  Office,  New  York  City,   Third 

Dist.      4  specif. 
U.   S.-Engr.     Office,     Newport,     R.     I.       2 

specif. 
U.   S.-Engr.  Office,  Norfolk,  Va.     1  specif. 
U.  S.-Engr.     Office,     Pittsburgh,     Pa.        1 

SDGCif . 

U.   S.-Ehgr.      Office,      Portland,      Ore.        2 

specif. 
U.   S.-Engr.  Office,  San  Francisco,  Cal.     2 

specif. 
U.   S.-Engr.      Office,     Savannah,     Ga.        2 

specif. 
U.   S.-Engr.      Office,      Seattle,     Wash.        4 

specif. 
U.   S.-Engr.   Office,    Washington,   D.   C.      2 

specif. 
U.   S.-Engr.    Office,   Washington   Barracks, 

D.  C.     1  specif. 
U.   S.-Engr.    Office,    Wilmington,    Del.      2 

specif. 
U.   S.-Engr.   Office,   Wilmington,   N.   C.      6 

specif. 
U.   S. -Federal     Horticultural     Board.        1 

pam. 
U.   S. -Forest  Service.      2  pam. 
U.   S.-Gen.  Land  Office.     3,  pam. 
U.  S.-Geol.   Survey.     4  vol.,   29  pam.,   52 

maps. 
U.  S. -Interstate    Commerce    Comm.,    Div. 

of   Locomotive    Boiler    Inspection.      1 

pam. 
U.   S. -Interstate    Commerce    Comm.,    Div. 

of  Valuation.      1   pam. 
U.   S.-Lake  Survey  Office.      1  vol. 
U.   S. -National  Museum.      1  bound  vol.,   2 

vol. 
U.   S.-Navy  Dept.      1  pam. 
U.   S. -Office  of  Markets  and  Rural  Organ- 
ization.     4   pam. 
U.   S. -Office  of  Naval  Intelligence.     1  pam. 
U.   S. -Ordnance  Dept.     1  pam. 
U.  S. -Reclamation  Service.     1  bound  vol., 

1  pam. 
U.  S.-Secy.  of  State.     1  pam. 
U.   S.-Secy.  of  the  Interior.     2  bound  vol. 
U.   S. -Supervising  Archt.      1  vol. 
U.   S. -Weather   Bureau.      1   vol.  , 
Universidad  Nacional  de  la  Plata.     1  pam. 
Utah-Board  of  Land  Commrs.     1  pam. 
Utah,   Univ.   of.      1   vol. 
Valencia,     Spain-Obras     del     Puerto.        1 

bound  vol. 
Vermont  Soc.  of  Engrs,  1  pam. 
Vermont,   Univ.  of.   1  vol. 
Victorian   Inst,   of  Engrs.        1   bound   vol. 
Virginia-Geol.    Survey.      1    vol.,    1    pam. 
Virginia-Health   Commr.      1   vol. 
Virginia-State   Forester.      5    pam. 
Virginia-State  Highway   Commr.      1   vol. 
Waltham,   Mass.-City  Engr.      1   pam. 
Washington-State  Insp.  of  Uoal  Mines.     3 

pam. 
Waterbury,  Conn. -City  Engr.     1  pam. 
Wellington,   New  Zealand-Harbour  Board. 

1   vol. 
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West  Jersey  &  Seashore  R.  R.  Co.     3  pam.  Wilmington,  Del. -Water  Dept.     1   pam. 

West  Virginia-Dept.  of  Mines.     1  vol.  Wisconsin-Geol.      and      Natural      History 

West   Virginia-Geol.   Survey.      1  pam.  Survey.     1  bound  vol. 

Western   Australia-Geol.   Survey.      1   pam.  Wisconsin-R.   R.  Comm.     3  bound  vol. 

Westinghouse,  Church,  Kerr  &  Co.     1  150  Wisconsin,  Univ.  of.      1  vol. 

vol.  Woburn,  Mass. -Dept.  of  Public  Works.     1 

Wilmington,  Del. -Board  of  Park  Commrs.  vol.,  2  pam. 

1   pam.  Worcester,  Mass.-Supt.  of  Sewers.     1  pam. 


BY  PURCHASE 


Good  Roads  Year  Book,  191 6.  Fifth  Edition.  American  Highway 
Association,  Washington,  D.  C. 

The  Construction  of  Gas  Works  Practically  Described.  By  Walter 
Ralph  Herring.     London,  1892. 

Coal  and  Coke.     By  Frederick  H.  Wagner.     New  York,  1916. 

A  Manual  for  Health  Officers.  By  J.Scott  MacNutt,  with  a  Fore- 
word by  William  T.  Sedgwick.     New  York,  1915. 

Geology.  By  Thomas  C.  Chamberlin  and  Rollin  D.  Salisbury. 
3  Vol.     New  York,  1909. 

English  Public  Health  Administration.  By  B.  S.  Bannington; 
Introduction  by  Graham  Wallas.     London,  1915. 

The  Practical  Design  of  Steel-Framed  Sheds.  By  Albert  S.  Spencer. 
New  York,  1915. 

Harper's  Hydraulic  Tables  for  the  Flow  of  Water  in  Circular  Pipes 
Under  Pressure,  Timber  Flumes,  Open  Channels,  and  Egg-Shaped  Con- 
duits, with  Much  Accessory  Information.  By  Joseph  Harper.  New 
York  and  London,  1916. 

The  Sampling  and  Chemical  Analysis  of  Iron  and  Steel.     By  O. 

Bauer   and   E.  Deiss.     Authorized  Translation    from  the    German,   by 
William  T.  Hall  and  Robert  S.  WiUiams.    New  York  and  London,  1915. 

Liquid  Air,  Oxygen,  Nitrogen.  By  Georges  Claude.  English  Edition 
Corrected  and  Brought  up  to  Date  by  the  Author.  Translated  by  Henry 
E.  P.  Cottrell,  with  a  Preface  by  D'Arsonval.     London,  1913. 

The  Metallography  and  Heat  Treatment  of  Iron  and  Steel.     By 

Albert  Sauveur.     Second  Edition.     Cambridge,  Mass.,  1916. 

The  Principles  and  Practice  of  Iron  and   Steel    Manufacture.     By 

Walter  Macfarlane.     Third  Edition.     New  York  and  London,  1912. 

Flight  Without  Formulae:  Simple  Discussions  on  the  Mechanics  of 
the  Aeroplane.  By  Commandant  Duchene.  Translated  from  the  French 
by  John  H.  Ledeboer.     New  York  and  London,  1914. 

The  Testing  of  Materials  of  Construction :  A  Text-Book  for  the 
Engineering  Laboratory  and  a  Collection  of  the  Results  of  Experiment. 
Bv  WiUiam  Cawthorne  Unwin.  Third  Edition.  New  York  and  London, 
1910. 

The  Telephone  and  Telephone  Exchanges :  Their  Invention  and 
Development.     By  J.  E.  Kingsbury.     New  York  and  London,  1915, 
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Factory  Administration  and  Accounts:  A  Book  of  Reference  with 
Tables  and  Specimen  Forms,  for  Managers,  Engineers,  and  Accountants. 
By  Edward  T.  Elbourne.  With  Contributions  on  the  General  Problem 
of  Industrial  Works  Design  by  Andrew  Home-Morton  and  Financial 
Accounts  by  John  Maughfling.     New  York  and  London,  1914. 

An  Introduction  to  the  Study  of  Pliysical  Metallurgy.  By  Walter 
Rosenhain.     New  York,  lOlo. 

Institution  of  Mining  and  Metallurgy:  Transactions;  Vol.  24; 
1914-15.     London, 1915. 

The  Plenum  or  Propulsion   System   of   Heating  and  Ventilation. 

By  Harold  Griffiths.     London. 

Autogenous  Welding  and  Cutting.  By  Theodore  Kautny.  Trans- 
lated by  the  Author  and  James  F.  Whiteford.  New  York  and  London, 
1915. 

Poor's  Manual  of  Public  Utilities,  1916:  Street  Railway,  Gas, 
Electric,  Water  Power,  Telephone  and  Telegraph  Companies.  Fourth 
Annual  Number.     New  York. 

Railway  Expansion  in  Latin  America :  Descriptive  and  Narrative 
History  of  the  Railroad  Systems  of  Argentina,  Peru,  Venezuela,  Brazil, 
Chile,  Bolivia,  and  All  Other  Countries  of  South  and  Central  America. 
By  Frederic  M.  Halsey.     New  York,  1910. 

Wireless  Telegraphy.  By  J.  Zenneck.  Translated  from  the  Ger- 
jnan  by  A.  E.  Seelig.     New  York  and  London,  1915. 

Forschungsarbeiten     auf     dem     Qebiete     des      Ingenieurwesens. 

Herausgegebeu  vom  Verein  Deutscher  Ingenieure.     Heft  183.     Berlin, 
:'19l6. 

v"       - 

Chemistry  In  the  Service  of  Man.  By  Alexander  Findlay.  New 
York  and  London,  1916. 

American  Society  of  Municipal  Improvements:  Proceedings  of  the 
Twenty-Second  Annual  Convention  Held  at  Dayton,  Ohio,  October 
12th,  13th,  14th,  and  15th,  1915.     Indianapolis,  1916. 

Public  Utilities  Reports  Annotated,  1916  B  :  Containing  Decisions 
of  the  Public  Service  Commissions  and  of  State  and  Federal  Courts. 
Rochester,  N.  Y. 

Digest  of  Public  Utilities  Reports  Annotated  for  the  Year  1915,  In- 
cluding Vol.  1915  A-1915  F.     Rochester,  N.  Y.,  1916. 


SUMMARY  OF  ACCESSIONS 

(From  May  2d  to  August  1st,  1916) 

Donations  (including  1  115  duplicates) 2  073 

By  purchase 30 

Total 2  103 
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MEMBERSHIP 

(From  May  5tli  to  August  3d,  1916) 
ADDITIONS 

MEMBEBS  Date  Of 

Membership. 

Acres,  Henky  Girdlestone.  Hydr.  Engr.,  Hydro-Elec. 
Power  Comm.  of  Ontario,  111  Spadina  Rd.,  Tor- 
onto, Ont.,   Canada April  18,   1916 

Allen,    Walter    Henry.      Cons.    Engr.,     Ill  |    Assoc.  M.     Jan.       3,  1911 
West  Monroe  St.,  Chicago,  111 [   M.  June    24,  '1916 

Andrews,     Robert     Edmund.       Hydr.     Engr.,>j 

Committee  on  Fire  Prevention,  National  s     Assoc.  M.     Jan.       2,   1912 
Board  of  Fire  Underwriters,  606  Grant  f   M.  June    24,  1916 

PI.,  Bay   City,  Mich j 

Atwood,    Edward    Franklin.      Constr.    Engr.,>> 

John    T.    Scully    Foundation    Co.,     118  !     Assoc.  M.     June      5,  1907 
First  St.,  Cambridge   (Res.,  131  Belling-  f   M.  Mar.    14,  1916 

ham  Ave.,  Revere ) ,  Mass j 

Baldwin,   Lewis   Warrington.     Gen.   Mgr.,   Cent,    of   Ga. 

Ry.,   Savannah,   Ga April   18,  1916 

Beal,  George  Safford.     Div.  Engr.  of  Dams,  ^ 

„T  X       o        ,      r,               e   ^           1        •  Assoc.  M.     Juue      6,  1906 

Water   Supply   Comm.   of   Pennsylvania,    V  „.,„,>. 

n.  ,           ,    TD,j       TT       ■  u          T>  M.  June    24,  1916 

Telegraph  Bldg.,  Harrisburg,  Pa J 

Billixgsley,  James  Wartelle.     Cons.  Engr.,   »    Assoc.  M.     May       6,  1908 
Interstate  Bank  Bldg.,  New  Orleans,  La.   [   M.  June    24,  1916 

Brenton,  William  Henry.  Field  Engr.,  Interstate  Com- 
merce Comm.,  Div.  of .  Valuation,  Room  408,  Wells 
Fargo   Bldg.,   Portland,   Ore April  18,  1916 

Burt,  Aaron  Moulton.     Chf.  Engr.  of  M.  of  W.,  N.  P.  Ry., 

St.   Paul,   Minn May     31,  1916 

Bush,    Philip    Lee.      Chf,    Engr.,    California  ^                nr  o     i.  ^    mn^ 

.      ^                 .              ,r.«   TIT     1    J.    oi.     /    Assoc.  M.  Sept.  6,  1906 

Fruit   Canners   Assoc,    120   Market   St.,  L     ^  /^  .  ' 

^,  ,                                          i   M.  May  31,  1916 

San   Francisco,   Cal J 

Carroll,  James  Edward.  Supt.,  Constr.  and  Repairs, 
Dept.  of  Public  Works,  1682  Lincoln  Ave.,  St.  Paul, 
Minn June    23,  1916 

Castleman,  Francis  Lee.     Engr.  in  Chg.,  Eng.  Dept.,  Am. 

Bridge    Co.,    Pencoyd,    Pa June    23,  1916 

CONLEY,    Clyde   Greyson.      Contr.    Engr.    and 

Secy.,  The  Mt.  Vernon  Bridge   Co.,  Mt.   L  ^^^°^-  ^^-     ^''S-    31,  1909 


^,  .  .  M.  Mav  31,  1916 

Vernon,    Ohio ) 

Connet,  Oliver  Weston.     Civ.  and  Municipal  Engr.,  727 

Reservoir   St.,   Baltimore,   Md April  18,  1916 

Cook,  Paul  Darwin.    Cons.  Engr.,  518  United   |    Assoc.  M.  Jan.  31,  1911 

Bank  Bldg.,  Sioux  City,  Iowa ^  M.  June  24,  1916 
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MEMBERS   {Continued)  Date  of 

Membership. 

CowiE,   Harry  James.     Designing   Engr.,   The  '\ 

Niagara  Falls  Power  Co.,  Canadian  Ni-  [    Assoc.  M.     Feb.     28,  1911 
agara  Power  Co.,  and  Niagara  Junction  f  M.  June    24,  1916 

Ky.,  Niagara  Falls,  N.  Y j 

Derickson,  Donald.     Cons.  Structural  Engr. ;  ^ 

Head  of  School  of  Civ.  Eng.,  and  Prof.  !    Assoc.  M.     Sept.      2,   1914 
of  Civ.  Eng.,  Tulane  Univ.,  New  Orleans,  f  M.  May     31,  1916 

La j 

Ellis,  Nathan  Randall.  Valuation  Engr.,  City  Attor- 
ney's Office,  1176  Dolores  St.,  San  Francisco,  Cal June    23,   1916 

Fitzgerald,     Walter    Lewis.      Asst.     Works   ) 

Mgr.,    Edward    G.    Budd    Mfg.    Co.,    222    [  ^'''''-  ^-     ^^^       ^'  ^^^"^ 

o   J         oi-     TVT4.     A-        T>i,-i   J  1   1-      T>       Cm.  June    24,  1916 

Sydney  St.,  Mt.  Airy,  Philadelphia,  Pa.    )  ' 

Gillen,  Francis  Fair.  Supt.  and  Engr.,  Office  of  Public 
Bldgs.  and  Grounds,  1729  New  York  Ave.,  Washing- 
ton,  D.    C May     31,  1916 

Green,  Theodore.     Vice-Pres.  and  Chf.  Engr.,  j     . 

„    ,        ^       i.       r,        ioi«    -VT  i.     1    T  f  r    Assoc.  M.     Mar.      1,   1910 

Hydro    Constr.    Co.,    1010    Mutual    Life  I     , 

-nL       T,   a-  1      >T    ^  Cm.  May     31,  1916 

Bldg.,  Buffalo,  N.  Y )  ■^  ' 

Gross,    Daniel    Wingerd.      Valuation    Engr.,    |    Assoc.  M.     May       1.  1901 
A.   C.  L.  R.  R.,   Wilmington,  N.   C f  M.  June    24,  1916 

Hiles,  Elmer  Kirkpatrick.  Secy.,  Engineers'  Society  of 
Western  Pennsylvania,  5537  Hampton  St.,  Pitts- 
burgh,   Pa June    23,  1916 

Hunter,  Walter  Gladden.     Cons.  Engr.,  611    ")  ,  „,^ 

'  •IPO-  -n     ^      -L^A        /   Assoc.  M.     April  30,  1912 

Commercial     &     Savings     Bank     Bldg.,   l  , 

Stockton,    Cal .    P^"  ^^^  ''''''' 

HtTRLBUT,     Charles     Chase.       Architectural  )    Assoc.  M.  Dec.  5,  1906 

Engr.,   101   Park  Ave.,  New  York   City.   ^  M.  Mar.  14,  1916 

Jackson,   Joseph    Frederick.     Eng.   Member,    )                  ,  r. 

State  Board  of  Health,  185  Church  St.,   (  ^^'^^^^  ^-     f  P*"      ^'  ^^^^ 
^^        „            ^  Cm.  June    24,  1916 

JNew  Haven,  Conn 1 

Jacobs,  Charles  Clefford.     Contr.  Engr.,  Amboy,  111 Dec.       6,  1915 

Jenkins,  Jenks  Buffum.  Valuation  Engr.,  B.  &  O.  Sys- 
tem, B.  &  0.  Bldg.,  Baltimore,  Md April  18,  1916 

IvLEiN,  William  Ignatius.  Res.  Engr.,  The  New  York 
Continental  Jewell  Filtration  Co.,  313  Interstate 
Bldg.,   Kansas   City,   Mo May     31,  1916 

Larmon,   Frank  Perry.     Chf.   Engr.,   Consoli-   )    ^  ,^      ^  ,         «    -.^.r.,^ 

'   Assoc.  M.     July      9,  1906 


dated  Water   Co.,    11    Grant   St.,   Ltica,    ^  ,^  ,  ^,     ,„,r. 

^^     ^r                                                                   i   M.  June  24,  1916 

N.    Y 

LoTHHOLz,   Harry   Charles.     Engr.   of   Design,    C,   M.   & 

St.  P.  Ry..  1345  Ry.  Exchange  Bldg.,  Chicago,  111 May  31,   1916 

)   Jun.  Sept.  6,  1904 

Magruder,    Frank    Cecil.      Engr.    and    Mgr.,   f  ^ggQ^.  M.  Oct.  4,  1910 

Farmers   Irrig.   Dist.,   Seottsbluff,   Nebr.    C  ^^  April  19    1916 
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M. 


MEMBERS    {Continued) 

Minor,    Cyri's    Edward.      Engr.    of    Constr.,   )   Assoc. 
Rawley  ^liiio.   Bonanza,   Colo j    M. 

NooxAN,  Edward  Joseph.  Secy,  and  Prin.  Engr.,  Chicago 
Ry.  Terminal  Comni.,  175  West  Jackson  Boulevard, 
Room    559,    Chicago,    111 

North,  Arthur  Tappen.  Contr.  Engr.  (Abra- 
ham Lund  Co.),  19  South  La  Salle  St., 
Chicago,    111 

Notes,    Harry    Lincoln.      Chf.    Engr..    Union  I    Assoc.  M. 

Carbide  Co.,  Niagara  Falls,  N.  Y j    M. 

Jun. 


Assoc. 
M. 


M. 


O'Hearn,  John  Lynch. 
Oklahoma,    Okla . 


725  Insurance  Bldg., 


Assoc.  M. 
M. 
502    Coleman 


Assoc. 
M. 


M. 


"i 


Phillips,    Augustus    Lyon.      Cons.    Engr 

Bldg.,    Philadelphia,    Pa 

Ramey,  Horace  Patton.  Div.  Engr.,  San. 
Dist.  of  Chicago,  910  South  Michigan 
Ave.,  Room  700,  Chicago,  111 

Reynolds,  Robert  Spink.  First  Asst.  to  Engr.  of  Struc- 
tures, N.  Y.,  N.  H.  &  H.  R.  R.,  85  Smith  St.,  West 
Haven,    Conn 

Rice,  Lindley  Marshall.  Chf.  Engr.  and  Gen.  Mgr., 
Klickitat  Irrig.  &  Power  Co.,  Seattle,  Wash 

RoBBiNS,  Dana  Watkins.  Const.  Engr. 
(Dana  W.  Robbins,  Inc.),  376  Genesee 
St.,   Utica,   N.   Y 

Sauerman,  Henry  Burger.     Cons.  Engr.,  645 
Ellis  Ave.,   Chicago,   111 

Saytord,  Ned  Hensel.  Treas.,  The  Morgan 
Eng.  Co.,  608  Goodwyn  Inst.  Bldg., 
Memphis,     Tenn 

Shaw,  Walter  Adam.  Member,  State  Public  Utilities 
Comm.  of  Illinois,  1509  Farwell  Ave.,  Chicago,  111.. 

Stevens,  William  Wentworth.  Mgr.,  Constr. 
Dept.,  Standard  Oil  Co.  of  New  York, 
Shanghai,    China 

Tarr,  Simon  Weinberg.  Engr.  of  Constr.,  Oliver  Iron 
Min.   Co.,   Wolvin   Bldg.,   Duluth,   Minn 

Toll,  Roger  Wolcott.     Chf.   Engr.,  The  Den-  ^    Jun. 

ver  Tramway   Co.,  790  Washington  St.,   L  Assoc.  M. 
Denver,    Colo j   M. 

Vance,  William  Herbert.  Engr.,  M.  of  W.  La.  &  Ark. 
Ry.,   Stamps,  Ark 

Young,  Alexander  Ririe.  City  Engr.,  1311  )  Assoc.  M. 
Clay  St.,  Topeka,  Kans CM. 


Date  of 
Membership. 

May     31,  1910 
June    24,   1916 


June  23,   1916 

Feb.  7,  1906 

Jan.  18,  1916 

June  5,  1901 

April  19.   1916 

Feb.  5,  1907 

Nov.  4,  1908 

June  24,  1916 

June  23.   1916 

Oct.  3,  1911 

June  24,   1916 


May     31,  1916 


Assoc.  M. 
M. 

Assoc.  M. 
M. 

Assoc.  M. 
M. 


Assoc.  M. 
M. 


May  31 

Oct.  3 

June  24 

May  1 

May  31 

Dec.  3 

June  24 

May  31 

June  24 

Mar.  14 

May  31 

Oct.  5 

Nov.  12 

April  19 

June  23 

Sept.  5 

April  19 


1916 

1906 
1916 

1907 
1916 

1912 
1916 

1916 

1914 
1916 

1916 
1909 
1913 
1916 

1916 
1911 
1916 


ASSOCIATE   MEMBERS  Date  of 

Membership. 


1916 
1910 
1916 
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■      ,  ASSOCIATE   MEMBERS 

sA'BBO'fT,  Walter  Russell.     Constr.  Engr.,  with  Keith  0. 

!'          Guthrie,  2  Cornelius  Ave.,  Schenectady,  N,  Y April  18 

AcKEKMAN,  Arthur  Pope.     Great  Barrington,  |    Jun.  June    30 

Mass f   Assoc.  M.  April  18 

AusTiLL,  HuRiEOSco.     Bridge  Engr.,  Mobile  &  Ohio  R.  R., 

Mobile,    Ala Mar.    14 

Baldwin,  Thomas   Abbott.     Res.    Engr.,   The  )  t  1         Q 

Pennsylvania    Steel    Co.,    Box    2221,    De   [    ,         ^^      ^^  ^     on 
•'               ..        ,  .      rr.  t    Assoc.  M.     May     31 

Soto  Station,  Memphis,  Tenn ) 

Bates,    Clarence   Myers.      Structural    Engr.,^ 

Pacific    Dist.,    Interstate    Commerce  i     Jun.  Feb.       4 

Comm.,    731    Wells    Fargo    Bldg.,    San  f    Assoc.  M.     May     31 
Francisco,    Cal J 

Baver,  Walter  Samuel.     Asst.  San.  Engr.,  City  of  Johns- 
town, 401  Association  PI.,  Johnstown,  Pa April   18 

Baylis,  John  Robert.    Mgr.,  Jackson  Water  Works,  Jack- 
son,   Miss June    23 

Bell,  John  Wilson.    622  Ellis  Ave.,  Ashland,  Wis Dec.       6 

Blaser,   Arthur   Frederick.      10003   Newton   Ave.,    Cleve- 
land,   Ohio May     31 

Boggess,  Louis  Sterling.     Dist.  Engr.,  -Bureau  of  Public 

Works,  Naga,  Ambos  Camarines,  Philippine  Islands.     Mar.    14 

BbLDT,  John.     Gen.  Supt.,  The  Samuel  Austin  &  Son  Co., 

1108  Swetland  Bldg.,  Cleveland,  Ohio May     31 

BpwLBY,  Henry  Lee.     Care,  Home  Telephone  &  Telegraph 

Co.,    Portland,    Ore  .........",.•. ". /.  ."......... Mar.    14 

ijOTNTON,     Robert     Hammond.       City     Engr.,  )    ,Jun.  May       6 

Frankfort,    Ind j    Assoc.  M.     April  18 

Brown,    Fred    Melvin.     County    Surv.,    Gallatin    County; 

Engr.  for  Manhattan,  Bozeman,  Mont May     31 

Buckwalter,  Harris  Daniel.     Asst.  Engr.  Public  Service 

Comm.  of  Pennsylvania,  Box  44,  Harrisburg,  Pa.  .  .  .     May     31 

Buell,    William    Elijah,    Jr.      Asst.    Engr.,  ^ 

;-  ;      Ambursen  Hydr.  Constr.  Co.  of  Canada,  • 

■';•  ;     Ltd.,   and   Raymond   Concrete   Pile   Co.,    /-   .  ,,       a      -i 

756     Sherbrooke     St.,     West,     Montreal,        ^^^°'^-  ^-     ^P"'  ^^ 
Que.,    Canada J  . 

Chandler,  John  Henry.     Box  55,  Bartlesville,  Okla June    23 

Chase,  Edward  Sherman.     Asst.  Engr.,  New  York  State 

Dept.  of  Health,  Albany,  N.  Y May     31 

Childs,  James  Alanson.     Engr.,  Div.  of  Sanitation,  State 
.,  Board  of  Health,  1988  Summit  Ave.,  St.  Paul,  Minn.  .      April  18 

Gissel,    James    Harlan.      Instr.    in    Civ.    Eng.,    Univ.    of 

Michigan,   1213  S.  State  St.,  Ann  Arbor,  Mich May     31 
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Clevkland,  John  Abell.  Chf.  p]ngr.  and  Director  Gen., 
Coustr.  of  the  Ferrocarril  .1  la  Costa,  Box  1!)7,  Guay- 
aquil,   Ecuador Mar.    14,   19 IG 

CoRLETT,    William    Greenfield.       Draftsman 

and    Engr.,    Walter    D.    Reed,    Oakland  "         ' 


Bank  of  Savings  Bldg.,  Oakland,  Cal.  .    )   ^^'««-  ^^-     ^^^^     ^1'  ^^^^ 

CoTTRELL,  Frederick  William.  Engr.,  Melville  Irrig.  Co., 
Deseret  Irrig.  Co.,  and  Sevier  Land  &  Water  Co., 
Delta,    Utah May     31,1916 

Crookes,  Harold  Joseph.    2  West  16th  St.,  New  York  City.     May     31,   1916 

DiMMLER,   Charles   Louis.     Structural  Engr.,"^ 

Div.  of  Valuation,  Interstate  Commerce  J^    Jun.  Oct.        1,   1907 

Conim.,    1330    Josephine    St.,    Berkeley,  f  Assoc.  M.     April  18,   1916 
Cal J 

Dodge,  Frank  Earle.     Supt.  of  Maintenance,  J 

New   York   &   New   England    Cement   &  V  *  '         ' 

T-        r'       cno  rii-   i       oi     tt   j         XT   v    i    Assoc.  M.     Juue    23,   1916 

Lime  Co.,  502  Clinton  St.,  Hudson,  N.  Y.   ) 

Eltinge,  Orville  Lamont.     Asst.  Engr.,  E.  B.  |    Jun.  Jan.  3,  1907 

Murray  &  Co.,  Kansas  City,  Mo ^   Assoc.  M.  May  31,  1916 

Faidley,    Lloyd    Harrison.       4812    Hammett  )    Jun.  Dec.  5,  1911 

PL,    St.    Louis,   Mo [  Assoc.  M.  May  31,  1916 

Fawcett,  Luther  Thomas.     First  Asst.   City  Engr.,   365 

Carroll    St.,   Youngstown,   Ohio June  23,  1916 

FoRSTER,  Alexander  Sylvester.  Chf.  Draftsman,  Toledo 
Bridge    &    Crane    Co.,    2603    Franklin    Ave.,    Toledo, 

Ohio May  31,  1916 

Foster,  Walter  Linder.  Care,  Kennecott  Copper  Cor- 
poration,   Latouche,    Alaska .  May  31,  1916 

Fox,  William  Frederick.    Asst.  to  Rd.  Engr.,  )  ..,,,„,« 

I.  R.  T.  Co.,  M.  of  W.  Dept.,  32  Walnut  (  J""'      ^^  ^P"  ''  ^^ 

Ave.,  RockviUe  Center,  N.  Y )    ^^^°«-  ^'-  ^P"^  '^'  '^'^ 

Fraser,  Lee.  (South  American  Eng.  Corporation),  52  Wil- 
liam St.,  New  York  City April  18,  1916 

Frazier,  Forrest  Faye.     Asst.  Prof,  of  Civ.  Eng.,  Kansas 

State  Agricultural  Coll.,  Manhattan,  Kans May  31,  1916 

Frick,  Orlando  Henry.    688  Murray  Ave.,  Milwaukee,  Wis.  Jan.  17,  1916 

Friedman,  Harry  Bayard.  Supt.,  W.  E.  Wood  Co.,  Chev- 
rolet Motor  Co.   Plant,  Fort  Worth,  Tex Mar.  14,  1916 

Frost,    Edward    Murray.       7     Elbridge     St.,  )    Jun.  June  24,  1914 

Worcester,    Mass [   Assoc.  M.  June  23,  1916 

GiLLis,    RiDGWAY    MiLLS.      Asst.    Engr.,    State    Highway 

Dept.,  Kalama,   Wash April  18,  1916 

Goodman,   Frank  Raymond.     Div.   Engr.,   State   Highway 

Dept.,   Parks,   Ariz June  23,  1916 
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Gray,     Harold     Farnsworth.       City     Health  '\ 

Officer,    208    Ramona   Bldg.,    Palo    Alto,   (.  "^""-  '^*"-       ^ 

p  J  I    Assoc.  M.     Mar.    14 

GuiNOTTE,  John.     Asst.  Engr.,  M.  of  W.,  C,  M.  &  St.  P. 

Py.,  Milwaukee  Freight  House,  Seattle,  Wash June    23 

Hallett,    James    Hendricks.      Chf.    Clerk,    Jacksonville 

Eng.   Dept.,   Jacksonville,   Fla June    23 

Hardesty,  Shortridge.     Asst.  Engr.,  Waddell   ^ 

&  Son,  800  Graphic  Arts  Bldg.,  Kansas   L  '^""-  ^^P^'      ^ 

„.,        ,,  (    Assoc.  M.     Mar.    14 

City,    Mo ) 

Haskins,   Charles  Arthur.     Engr.,   Kansas   State  Board 

of  Health,  Lawrence,  Kans June    23 

Heerlein,  Robert  William.     Asst.  Engr.,  Estimating  and 

Designing  Dept.,  McClintic-Marshall  Co.,  P.   0.  Box 

418,   Pittsburgh,   Pa May     31 

Heilbronner,  Leon  Cohen.     Engr.  and  Mgr.,  ^ 

Eastover    Constr.    Co.,    Inc.,    Box    242,  I 

Utica,    N.    Y j;  Assoc.  M.     May     31 

Herzig,    Solon.      472    West    End    Ave.,    New  )  Jun.  Oct.        1 

York    City f  Assoc.  M.     June    23 

Hewett,    Freeman    Reginald.      Constr.    Engr.    of    Adams 

County;    City   Engr.,   Ritzville,   Wash June    23 

Hiesigeb,    Charles    Milton.      Examining    Insp.    in    Office, 

Commr.  of  Accounts;   Consultant  with  Phoenix  Eng. 

Co.,  5  Beekman  St.,  New  York  City June    23 

Hingsburg,    Frederick    Charles.      Care,   Mr.    Lyons,    Box 

36,    Kingston,    Jamaica May     31 

HiRAi,   KiKUMATSU.      Care,   Yamanaka   k   Co.,  )    Jun.  Dec.       5 

254  Fifth  Ave.,  New  York  City \  Assoc.  M.     May     31 

Hochenedel,  Charles  Anthony.  City  Civ.  Engr.,  Fre- 
mont,   Ohio May     31 

Horton,   Charles   Kaapke.     Gen.   Contr.    (Horton  &   Hor- 

ton) ,    Houston,    Tex June    23 

Howland,  Leon  David.     County  Engr.,  Union  )    Jun.  Feb.       4 

County,   La  Grande,   Ore j    Assoc.  M.     May     31 

HuiE,  Irving  Van  Arnam.     Asst.  Engr.,  F.  A.   i 

Molitor,   223   East   31st   St.,   New   York  (.  *;""•      ,^      ^^^     „, 
^,.^  C  Assoc.  M.     May     31 

City )  ' 

Hunter,  Harry  Griffith.  1024  North  Liberty  St.,  Inde- 
pendence,   Mo May     31 

Hutton,  Murray  Lee.     County  Engr.,  Des  Moines  County, 

Court  House,  Burlington,  Iowa June    23 

Iakisch,    John    Rudolph.      Constr.    Engr.    on    Drainage, 

U.  S.  Reclamation  Service,  Powell,  Wyo April  18 
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IiiARGUEN  Y  Pi,  Alberto  Angel.     Provisional  Clif.   Engr. 

of  Public  \Yorks.  District  of  Pinar  del  Rio,  Marti  47, 

Pinar  del  Rio,  Cuba June    23,  1916 

Ibabba   Cere/0,  Jose   Maria.     Director  of  Dept.  of  Ways 

and  Communications,  Ministrj^  of  Public  Works,  Sur 

5,  No.   157,  Caracas,  Venezuela June    23,   1916 

Jessop,  George  Augustus.     Care,   S.  Morgan   Smith   Co., 

York,    Pa May     31,  1916 

Kaestner,  Albert  Carl.     Asst.  to  Chf.  Engr.,^ 

U.  S,  Realty  &  Impvt.  Co.,  949   Broad-  !    Jun.  Jan.       2,  1912 

way.    Room    702     (Res.,    2216    Starling  f  Assoc.  M.     May     31,1916 

Ave. ) ,  New  York  City J 

Kelly,  Hugh  Ambrose.    Engr.,  Dept.  of  Parks  ) 

and   Public   Property;    City  Plan  Engr.,  C   '^™-  ^°*-     ^^'  ^^^^ 

33  Baldwin  Ave.,  Jersey  City,  N.  J )   ^«"°'^-  ^-     ^^^     ^^>  ^^^^ 

Kbause,  Mark  Champion.     335  Pine  St.,  Williamsport,  Pa.     May     31,  1916 
Lander,  Roswell  Sears.     Associate  Engr.  with  Soper  Eng. 

Co.,  Winchester,   Tenn Jan.     17,   1916 

Langley,  John  Edward.     Supt.  of  Constr.,  Treasury  Dept., 

Southport,   N.    C Mar.    14,   1916 

Lee,  Alonzo  Church.     Care,  Knight  &  Quayle,  408  Times 

BIdg.,  Chattanooga,  Tenn June    23,  1916 

Lehfelt,     W^alt     Ferd.     Care,      International      Boundary 

Comm.,  Malvina,  Que.,  Canada April  18,   1916 

Lilly,   Ridgely    Casey.     U.    S.   Junior    Engr.,  i    Jun.  Oct.        5,  1909 

Box  404,  Vicksburg,  Miss j    Assoc.  M.     April   18,   1916 

Luther,  Herbert  Lawrence.     Care,  Missouri  Val.  Bridge 

&  Iron  Co.,  Boise,  Idaho May     31,  1916 

McEntire,  Lloyd.     Div.  Highway  Engr.,  State 

Rd.  Dept.,  224  North  Warren  St.,  Tren-  (■    '^""-  ^^P^-      ^'  ^^^* 


ton    N    J  \    ^^*"^-  ^I-     ^^^y     31'  1^1^ 

Manley,  Henry,  Jr.     Asst.   Engr.,  Public   Service   Comm., 

1594  Hayes  Ave.,  Elmhurst,  N,  Y May     31,  1916 

Meister,  Frederick.  Chf.  Draftsman  and  Designing  Engr., 
The  Hinkle  Iron  Co.,  309  High  St.,  West  Hoboken, 
N.   J June    23,  1916 

Miller,  Harold  Brown.  Asst.  Engr.,  Designing  and  Esti- 
mating Depts.,  McClintic-Marshall  Co.,  1217  Oliver 
Bldg.,    Pittsburgh,    Pa June    23,1916 

Miller,  Harold  Edmund.     29  Elma  St.,  Provi-  )    Jun.  Oct.        1,  1907 

dence,   R.   I [  Assoc.  M.     May     31,  1916 

Miller,  William  Franklin.  Superv.,  OflSce  of  Valuation 
Engr.,  P.  R.  R.,  Commercial  Trust  Bldg.,  Philadel- 
phia,   Pa May     31,  1916 

Mollabd,  Charles  Elias.     Cons.  Engr.,  Park  Ridge,  111...      May     31,   1916 
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North,    Robert    Gaston.      60    Springside    Ave.,    Pittsfield, 

Mass Dec.       6 

Panzer,  Robert  Rudolph.     Chf.  Engr.,  Dept.  of  Bldgs.,  515 

Hawthorne  Ave.,  Cincinnati,  Ohio May     31 

Parsons,  Harold  Frank.     Res.  Engr.,  George  W.  Fuller, 

Thomson  BIdg.,  Huntington,  N.  Y May     31 

Pauls,  Arthxib  Leonard.     Irrig.  Engr.,  Gen.  Land  Office, 

Box  336,   Cheyenne,   Wyo May     31 

Pearce,  Harry  Ash.     Engr.  and  Contr.   ( Pearce  &  Sexton ) , 

Ancon,   Canal   Zone,   Panama April   18 

PiBNiE,    Herbert    Malcolm.       112     Magnolia  |    Jun.  Feb.       4 

Terrace,    Springfield,    Mass [    Assoc.  M.     June    23 

Pubton,  Astley   Bloxam.     Asst.   Engr.,   U.   S.    Geological 

Survey,  421  Federal  Bldg.,  Salt  Lake  City,  Utah May     31 

Rankin,  Carl  Roy.  Locating  Engr.  for  City  and  County 
of  San  Francisco  Hetch  Hetchy  Water  Supply, 
Groveland,    Cal June    23 

Rasmussen,  Bernhard.  Asst.  Engr.,  Santo  Domingo  Obras 
Publicas,  La  Vega,  Santo  Domingo,  Dominican  Re- 
public        April   18 

RiNDSFOos,  Charles  Siesel.     Pres.,  U.  S.  Pur 

chasing  Corporation,  Room  1689,  Wool-  '    '^""-  ^^^^^     ^ 


worth  Bldg.,  New  York  City \  '      '  '•' 

Roberts,     Burke     Brockway.     Asst.      Engr.,  '\ 

James  L.  Stuart,  917  Illuminating  Bldg.,  i.   '^"°-  ^^°-       " 

•  Cleveland,    Ohio ...      .)   ^---  ^-     ^'^^     ^1 

ROBY,    Harrison    George.     Gen.    Mgr.,    City    of    Alpena, 
'  National  Bank  Bldg.,  Alpena,  Mich May     31 

RoHR,  WiLKiE  Claiborne.     Engr.,  T.  C.  Thompson  &  Bros., 

Box  97,  Charlotte,  N.  C May     31 

Rouse,  Herbert  Milton.  Supt.,  Val.  Div.,  California  De- 
velopment Co.,  Calexico,  Cal May     31 

RUMSEY,   William   Milo.     Room   529,    Granger   Blk.,    San 

Diego,    Cal Nov.       3 

Sandston,  Leonard  Mark.     17  Gramercy  Park,  New  York 

City May     31 

Sandstrom,  Arthur  Charles.  Care,  Constr.  Dept.,  Bra- 
den  Copper  Co.,  Rancagua,  Chili,  via  Colon  and 
Valparaiso May     31 

Scholtz,   Herman    Fred.     Care,   Moses,    Pope  \  n         «j 

&    Messer,    Inc.,    366    Fifth    Ave.,    New  (.  "^^"^  "°*^V         ■ 

York    City \    Assoc.  M.     April  18 

Smith,  Everett  Clerc,  Jr.     Point  Pleasant,  W.  Va. ...... .     April  18 

Smith,    George    Washington.     1828     Lytton  )    Jun.  Jan.     31 

Bldg.,    Chicago,    111 [   Assoc.  M.     Junje  ,3 
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Smith,  Schuyler  Morton.  In  Chg.,  Bridge  Dept.  Drafting 
Room,  Wabash  Ry.,  1467  Ry.  Exchange  Bldg.,  St. 
Louis,   Mo May     31,  1916 

Sortore,  Arthur  Emerson.  Asst.  Engr.,  Div.  of  Bridges, 
Bureau  of  Eng.,  Benton  Ave.  and  Atkins  St.,  Pitts- 
burgh,   Pa May     31,1916 

Spengler,  John  Henry.     With  Westinghouse,  )  '■ 

,  ,        ,     T'         0    r^       O.T   TT'  11    oj.     TvT        r    Jun.  June      6,  1911 

Church,  Kerr  &  Co.,  37   Wall   St.,  New  l  ' 

,,     1     /,.,  r  Assoc.  M.     May     31,  1916 

\ ork    City ]  •' 

Stark,  Burr  Manlow.     30th  and  Spruce  Sts.,  Philadelphia, 

Pa '. May     31 

Stowe,  Henry  Daniels.  Pilot  Engr.,  Valuation  Dept., 
P.  R.  R.,  534  Commercial  Trust  Bldg.,  Philadelphia, 
Pa June    23 

Swett,      William      Claude.     3602      Windsor  i   Jun.  Nov.       1 

Ave.,  Kansas  City,  Mo j"   Assoc.  M.     Mar.    14 

Tait,  William  Stuart.  Chf.  Engr.,  Concrete  Steel  Pro- 
ducts Co.,  855  McCormick  Bldg.,  Chicago,  111 May     31 

Thomsen,  Samuel  Locke.     Res.  Engr.  and  Supt.,  The  E.  H. 

Close  Realty  Co.,  2860  Scottwood  Ave.,  Toledo,  Ohio.     May     31 

Thorpe,  John  Edward  Stirling.  Res.  Engr.,  Aluminum 
Co.  of  America,  Care,  Talassee  Power  Co.,  Whitney, 
N.    C May     31 

ToMLiNsoN,    William    Sidney.     Engr.,    Shand 

Eng.     Co.,     1002     Loan     and     Exchange  t   '^""-  ^^P*^"      ^ 


Bldg.,   Columbia,   S.   C  ^    ^^'^'^^  ^'^-     ^^^-       ^ 

Tracy,  Herbert  Herman.     City  Engr.,  Norfolk,  Nebr April  18 

Truscott,  Starr.     Birmingham,  Ohio May     31 

Turner,  Homer  Root.     Supt.,  Windsor  Fire  Dist.,  Windsor, 

Conn Mar.    14 

Upson,  Warren  William.     Bldg.  Contr.    (Wise  &  Upaon), 

36  Pearl  St.,  Hartford,  Conn May     31 

VoGEL,  Andrew.  Prin.  Asst.,  R.  D.  Bradbury,  68  Devon- 
shire St.,  Boston,  Mass May     31 

Wadsworth,  Lewis  Lumber.     Pres.  and  Cons.  Engr.,  Hans- 

com  Constr.  Co.,  70  Kilby  St.,  Boston,  Mass June      3 

Wall,  Edward  Walter.    Gen.  Supt.,  The  Atlas  \ 

Constr.   Co.,   37   Belmont   St.,   Montreal,  I   ''"™-  ^®^-       ^ 

n           r'        A  C    Assoc.  M.     Mar.    14 

Que.,    C  anada J 

Waugh,  Ernest  Judson.  Engr.,  Hydro-Elec.  Co.,  Pacific 
Power  .Co.,  Pacific  Power  Corporation,  and  Hill- 
side Water  Co.,  Benton,  Cal May     31 

Wertheimer,    Max.      Asst.    to    Bridge    Engr.,    Cuyahoga 

County,  7216  Lorain  Ave.,  Cleveland,  Ohio May     31 
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Whitlow,  Frank  Wallace.  Supt.  of  Constr.,  Milwaukee 
County  Highway  Dept.,  518  Grove  St.,  Milwaukee, 
Wis... May     31,1916 

Wiley,  Ralph  Benjamin.     Asst.  Prof.,  Hydr.  ) 

and  San.  Eng.,  Purdue  Univ.,  1012  Sev-  L   J"""  ^^^-       4,  1908 

enth  St.,  West  Lafayette,  Ind (    ^«^°«-  ^-     ^^^     ^1,   1916 

WoLPERT,  Otto.     Prin.  Asst.  Engr.,  Butterworth  &  Judson 

Corporation,  61  Broadway,  New  York  City June    23,  1916 

WoNDKiES,  Charles  Henry.  Res.  Engr.,  California  High- 
way Comra.,  El  Centro,  Cal Mar.    14,  1916 

Woodruff,  Glenn  Barton.     Bridge  Designer,  ) 

L.  V.  R.  R.,  Care,  Bridge   Dept.,  L.  V.  I    J™"  ^^^-       ^'  ^^^^ 

R.  R.,  South  Bethlehem,  Pa )    ^^^°«-  ^-     ''"^^    '^^'  ^^^^ 

JUNIORS 

Atkinson,  Guy.     Care,  The  Emerson  Co.,  30  Church  St., 

New  York   City June    23,  1916 

Berdeau,  Ray  William.  Room  103,  Founders  Hall,  Cor- 
nell Univ.,  Ithaca,  N.  Y ! May     31,   1916 

Bishop,  Roy  Prentice.     Brooklyn,  Iowa June    23,  1916 

Butler,  Arthur  Gray.     160  Pennsylvania  Ave.,  Louisville, 

Ky June    23,  1916 

Davis,  Frederick  Augustus  William.  Eng.  Dept.,  The 
Amco  Glazed  Block  Co.,  347  Fifth  Ave.,  New  York 
City April  18,  1916 

DE   LA   GuARDiA,    GuiLLERMO.      Care,    Chas.    E.    Griffin,    24 

Stone  St.,  New  York   City April  18,   1916 

Dow,  Hezekiah  Shailer.     604  W^est  115th  St.,  New  York 

City April  18,  1916 

Ferguson,    Harry    Foster.      Prin.    Asst.    Engr.,    Illinois 

State  Water  Survey,  Urbana,  111 June    23,   1916 

Fitzgerald,  William  Edward.     113  Radcliffe  St.,  Bristol,  . 

Pa May     31,1916 

Greacen,  John  Lyle.     384  Fourth  St.,  Brooklyn,  N.  Y June    23,   1916 

Gross,    Frederick    Henry.      Eng.    Dept.,    Bronx    Parkway 

Comm.,  17  William  St.,  White  Plains,  N.  Y May     31,   1916 

Heffelfinger,  John  Milton,  Jr.  Asst.  Res.  Engr.,  Colum- 
bus Sewage  Treatment  Improvement,  32  East  Innis 
Ave.,   Columbus,   Ohio June    23,  1916 

Heslop,  Paul  Loveridge.     401  Boyd  Ave.,  Memphis,  Tenn.  .      June    23,  1916 

Jones,  Harry  Edward.  Transitman,  M.  of  W.  Dept.,  Le- 
high Val.  R.  R.,  236  Jersey  St.,  Buffalo,  N.  Y June    23,  1916 

Lytle,  Hendrix  Gilbert.     Care,  Div.  Engr.,  T.  &  P.  Ry., 

Marshall,    Tex June    23,  1916 

Means,  John  Siemon.     1563  Downig  St.,  Denver,  Colo....      April   18,  1916 
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Naglkr,    Floyd    August.       1317     Washtenaw    Ave.,    Ann 

Arbor,  Mich Mar.    14,  1916 

Oatman,    Franklyn    William.       1319    Leavenworth    St., 

San   Francisco,   Cal Mar.    14,  1916 

O'DONNELL,   John   Robekt.      394   East   16th   St.,   Brooklyn, 

N.    Y May     31,1916 

PuNG,    WuxiAM    Sing-Chong.      Rodman,    Oil    Fields    and 

and  Santa  Fe  Ry.,  P.  O.  Box  248,  Gushing,  Okla May     31,  1916 

RiciuroND,    Allen    Pierce.      Care,    Central    Aguirre    Co., 

Central   Aguirre,   Porto   Rico June    23,  1916 

Sleight,  Reuben  Benjamin.     Asst.  Irrig.  Engr.,  Office  of 

Experiment  Stations,  U.  S.  Dept.  of  Agriculture,  301 

Tramway   Bldg.,   Denver,   Colo Dec.       6,  191.5 

SoMMER,  Isadore  MENDELSOHN.     Designing  Engr.,  Edward 

L.  Soule  Co.,  2852  California  St.,  Apartment  6,  San 

Francisco,    Cal May     31,  1916 

Stanley,  William  Edward.     3210  Artlington  St..  Chicago, 

111 May     31,1916 

Stauffer,   Isaac   Yost.      Care,   Standard   Oil   Co.   of   New 

York,  Batavia,  Java May     31,   1916 

Struthers,  David  Lindsay.     City  Engr.,  Wilmington,  N.  C.     Mar.    14,   1916 
Templin,  Richard  Laurence.     3912  Campbell  St.,  Kansas 

City,    Mo April  18,  1916 

ToNG,    Yung    Tso.      Care,    Tong    Hon    Sing,    Chinese    Post 

Office,   Tientsin,   China Mar.    14,  1916 

VON    Deesten,    Arthur    Peter.      First    Lieut.,    Corps    of 

Engrs.,  U.  S.  A.;   Engr.,  Field  Depot,  Columbus,  N. 

Mex June    23,   1916 

Waite,   Clement   F.     Draftsman,  Skamania   County   High- 
ways, L'nderwood,   Wash May     31,  1916 

Webb,  Claude  Allen.    4432  Tracy  St.,  Kansas  City,  Mo.  .  .     April  18,  1916 
Youngling,    Louis    Shemald.      453    West    34th    St.,    New 

York    City May     31,   1916 
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Abbott,   Fred  Walter.     6718  Quincy  St.,  Mt.   Airy,   Philadelphia,  Pa. 
Abbott,   Hunley.     Vice-Pres.   and  Chf.   Engr.,  MacArthur   Concrete   Pile   & 

Foundation  Co.,  120  Broadway,  New  York  City. 
Baldwin,  Ernest  Howard.    Asst.  Chf.  of  Constr.,  U.  S.  Reclamation  Service, 

El  Paso,  Tex. 
Baylts,  Arthur  Raymond.     Asst.  Engr.  on  Constr.,  I.  R.  T.  Co.  and  New 

York  Rys.,  600  West  59th  St.,  New  York  City. 
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Bent,  Cornelius  Conway  Felton.     1206  Widener  Bldg.,  Philadelphia,  Pa. 

BiLLiN,  Charles  Emery.     Southbury,  Conn. 

Black,  Ralph  Peters.     Univ.  Engr.,  and  Prof,  of  Eng.,  Univ.  of  the  South, 

Sewanee,  Tenn. 
Blair,  McCrea  Parker.     25   Westgate,  Armstrong  Point,  Winnipeg,  Man., 

Canada. 
Bloom,  J.  George.     Supt.,  Amarillo  Div.,  C,  E..  I.  &  G.  Ry.,  Amarillo,  Tex. 
BoAKDMAN,  Howard  Edward.     Asst.  Engr.,  Valuation  Dept.,  N.  Y.  C.  Lines, 

Room  2627,  Grand  Central  Terminal,  New  York  City. 
BoGGs,  Frank  Cranstoun.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  21  East  Elm 

St.,  Norristown,  Pa. 
Bogue,  Virgil  Gay.      (Director.)      Cons.  Engr.,  26  Cortlandt  St.,  Room  1312, 

New  York  City. 
BoNSTOw,  Thomas  Lacey.     Cia.  Mexicana  de  Petroleo  "El  Aguila",  S.  A., 

Minatitlan,  Ver.,  Mexico. 
Bradford,  William.     Cons.  Engr.,  316  South  Highland  Ave.,  Pittsburgh,  Pa. 
Brewster,  Henry  Baum.     Engr.,  H.  S.  Kerbaugh,  Inc.,  Box  383,  Rochester, 
'■■         N.  Y. 

Bryson,  Andrew.     New  Castle,  Del. 

Burgess,  Harry.     Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Room  337,  Federal  Bldg., 
*>'        Detroit,  Mich. 

Butts,  Edward  Pontany.     60  Mulberry  St.,  Springfield,  Mass. 
Cantine,  Edward  Ike.     Chf.  Deputy  State  Engr.,  Room  303,  State  House, 

Salem,  Ore. 
CABLsbN,  Cakl  Alexius.     Civ.  Engr.,  U.  S.  N.,  Navy  Yard,  Mare  Island,  Cal. 
Carpenter,  Charles  Lincoln.     26  Morton  St.,  Andover,  Mass. 
Charles,  La  Vern  John.     566  High  St.,  Denver,  Colo. 
Clapp,  Otis  Francis.      (Director.)      11  Bridgham  St.,  Providence,  R.  I. 
Cochrane,  Victor  Hugo.     Engr.  of  Bridges,  City  Hall,  Kansas  City,  Mo. 
CoE,  David.     Hengoed,  via  Cardiff,  England. 
Collier,  Bryan   Cheves.     Constr.,  Engr.,  Tray  lor  Eng.  &  Mfg.   Co.    (Res., 

125  North  17th  St.),  Allentown,  Pa. 
CoLPiTTS,  Walter  William.      (Coverdale  &  Colpitts),  66   Broadway,   New 

York  City. 
Connor,  William  Durward.     Maj.,  Corps  of  Engrs.,  U.  S.  A.;   Asst.  Chf. 

of  Staff,  Southern  Dept.,  San  Antonio,  Tex. 
CoNOVEB,  Charles  E.     Designing  Engr.,  Public  Service  Comm.,   120  Broad- 
way, New  York  City. 
Coombs,   Stephen   Elbridge.     Special   Engr.,  N.  Y.   C.   R.  R.,   Room  5041, 

Grand  Central  Terminal,  New  York  City. 
CoRNBXL,  George  Birdsall.     Cons.  Engr.,  94  Saratoga  Ave.,  Yonkers,  N.  Y. 
Courtney,  Reginald  Sydney.     702  Flatiron  Bldg.,  New  York  City. 
Coverdale,   William   Hugh.     ( Coverdale  &   Colpitts ) ,   66   Broadway,  New 

York  City.  '■ 

Crehore,  William  Williams.     Cons.  Engr.,  Beaumont,  Cal. 
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Crump,  Raplii  Lee.     Merchantville,  N.  J. 

Curtis,  Lorex  Bradley.    Benton,  Cal. 

Curtis,  Walter  Wiiai.ey.     Pies.,  The  Rapson  Coal  Min.  Co.  and  The  Curtis 

Coal  Co.,  2006  North  Cascade  Ave.,  Colorado  Springs,  Colo. 
CusHMAN,  William  Herbert.     Chf.  Engr.,  Hydr.  Constr.  Co.,  Flower  Bldg., 

Watertown,  N.  Y. 
Darling,  Fred  Steere.     135  Friend  St.,  Amesbury,  Mass. 
Dart,  Justus  Vinton.     Thompson,  Conn. 
Donovan,  Cornelius.     Prin.  Asst.  Engr.,  U.  S.  Engr.  Office,  1809  Napoleon 

Ave.,  New  Orleans,  La. 
Dose,    Henry    Frederick.     Dist.    Engr.,    Alaslcan    Eng.    Comm.,    Anchorage, 

Alaska. 
Eckles.  Harry  Edward.     2331  West  Monroe  St.,  Chicago,  111. 
EsTEP,  JosiAH  Madison.     Cons.  Engr.,  601  Marshall  Bldg.,  Cleveland,  Ohio. 
Fellows,  Abraham  Lincoln.      (The  Field,  Fellows  &  Hinderlider  Eng.  Co.), 

946  Equitable  Bldg.,  Denver,  Colo. 
Feltham,  Percy  Marshall.     Waycross,  Ga. 
Field,  John  Ellis.     (Field,  Fellows  &  Hinderlider  Eng.  Co.),  946  Equitable 

Bldg.,  Denver,  Colo. 
Fox,  John  Angell.     Secy.-Mgr.,  Mississippi  River  Levee  Assoc,  734  Wood- 
ward Bldg.,    Washington,   D.   C. 
Francis,   Walter   Joseph.     Cons.    Engr.    (Walter   J.    Francis   &    Co.),    260 

St.  James  St.,  Montreal,  Que.,  Canada. 
Gayler,   Ernest   Rotteck.     Civ.   Engr.,   U.   S.   N.,   Care,   Bureau   of   Yards 

and  Docks,  Navy  Dept.,  Washington,  D.  C. 
Gillespie,   Richard  Henwood.     Chf.   Engr.,   Sewers  and   Highways,   Bronx, 

177th  St.  and  Third  Ave.   (Res.,  286  East  201st  St.)-,  New  York  City. 
Gordon,  Fred  Force.     Civ.  Engr.,  Eastman  Kodak  Co.,  75  South  Union  St., 

Rochester,  N.  Y. 
Gore,  Elbert  Brutus.     Capitol  Bldg.,  Austin,  Tex. 

GUTMAN,   David.     Chf.   Engr.,   John   G.    Brown,   Witherspoon    Bldg.,    Phila- 
delphia, Pa. 
Haines,  Henry  Stevens.     Lenox,  Mass. 
Harris,  Van  Alen.     Pocono  Lake  Reserve,   Pocono,   Pa. 
Harwood.  GEORf.E  Alec.      (Director.)      Eng.  Asst.  to  Vice-Pres.  of  Operation, 

N.  Y.  C.  R.  R.,  Grand  Central  Terminal,  New  York  City. 
Hasskarl,  Joseph  Frederick.     Cons.  Engr.    (Res.,  1934  North  Broad  St.), 

Philadelphia,  Pa. 
Hawley,  Ralph  Stevenson.     City  Engr.,  Town  Hall,  Emeryville,  Cal. 
Hawxhurst,  Robert,  Jr.     Gen.  Supt.,  Eden  Min.  Co.,  Bluefields,  Nicaragua 

( via  New  Orleans,  La. ) . 
HiDiNGER,  Leroy'  Lemayne.     Vice-Pres.,  The  Morgan  Eng.  Cos.,  610  Goodwyn 

Inst.  Bldg.,  Memphis,  Tenn. 
Hinderlider,   Michael   Creed.     (Field,   Fellows   &   Hinderlider   Eng.    Co.), 

946  Equitable  Bldg.,  Denver,  Colo. 
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HOMBEBGEE,  Heinbich.     Cons.  Engr.,  Mill  Valley,  Cal. 

Howe,  Malverd  Abijah.     The  Hermitage,  Northfield,  Vt. 

Howell,  Geobge  Pierce.     Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  War  Dept., 

Washington,  D.   C. 
Howie,  Howard  Benson  Wilberforce.     Care,  Canadian  Copper  Co.,  Copper 

Cliff,  Ont.,  Canada. 
Hyde,    Howard    Elmer.     Care,    Young   &    Hyde,    Produce    Exchange    Bldg., 

New  York  City. 
Jenkins,  James   Edgar.     Supt.,  John  W.  Cowper  Co.,   725   Fidelity   Bldg., 

Buffalo,  N.  Y.   (Res.,  644  Riverside  Drive,  New  York  City). 
Jones,  Arthur  Lewis.     300  South  Olive  St.,  Los  Angeles,  Cal. 
Keller,   Charles  Lincoln.     Pres.,  The  Scherzer   Rolling  Lift  Bridge   Co., 

1616  Monadnock  Blk.,  Chicago,  111. 
Kendrick,  John  William.     1733  Lytton  Bldg.,  Chicago,  111. 
Ketchum,  Richard  Bird.     Assoc.  Prof,  of  Civ.  Eng,  Univ.  of  Utah    (Res., 

172  N  St.),  Salt  Lake  City,  Utah. 
King,  Paul  Sorin.     Cons.  Engr.,  807  West  Ninth  St.,  Wilmington,  Del. 
Kinnear,  Wilson  Sherman.     Pres.,  U,  S.  Realty  &  Impvt.  Co.,  949  Broad- 
way, New  York  City. 
Knight,  Herbert  Miller.     166  Camp  St.,  Providence,  R.  I. 
KooN,   Ray   Emerson.     Hydr.   and    San.    Engr.,    1506    Colby   Ave.,   Everett, 

Wash. 
Laird,  Harry  Snedden.     Chf.  Engr.,  Harrisville-South.  R.  R.,  The  Colonial 

Hotel,  Sharon,  Pa. 
Lamb,  Richard.     Cons,  and  Const.  Engr.,  90  West  St.,  New  York  City. 
Langthorn,    Jacob    Stinman.     Deputy    Commr.,    Dept.    of    Water    Supply, 

Gas  and   Electricity,   Borough  of   Brooklyn,   50   Court   St.,   Brooklyn, 

N.  Y. 
Lathrop,  Jay  Cowden.     Contr.  Engr.,  Route  7,  North  Columbus,  Ohio. 
Lehman,   George  Mustin.     Chf.   Engr.,  Lake  Erie  and   Ohio   River   Canal 

Board,  1002  Hartje  Bldg.,  Pittsburgh,  Pa. 
Macallum,   Andrew    Fullerton.     Commr.   of    Works,    City   Hall,    Ottawa, 

Ont.,   Canada. 
McDaniel,  Allen  Boyeb.     Gen.  Eng.  Bldg.,  Union  Coll.,  Schenectady,  N.  Y. 
McDoNOUGH,  Charles  Joseph.     Div.  Engr.,  State  Highway  Dept.    (Res.,  81 

Crescent  Ave. ) ,  Buffalo,  N.  Y. 
McInnes,  Frank  Alexander.     23  Salcombe  St.,  Dorchester,  Mass. 
McIntyre,   William   Ainsworth.     Asst.   Mgr.,   Hyrib,   Lath   and   Highway 

Dept.,  Trussed  Concrete  Steel  Co.,  Youngstown,  Ohio. 
McKay,  George  Albert.     Civ.  Engr.,  U.  S.  N. ;  Public  Works  Officer,  Bureau 

of  Yards  and  Docks,  Navy  Dept.,  Washington,  D.  C. 
McReynolds,  Orval  Omar.     Chf.  Engr.,  and  Gen.  Mgr.,  San  Joaquin  Val. 

Farm  Lands  Co.,  318  H.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 
Manahan,  Elmer  Gove.     Res.  Engr.,  Board  of  Water  Commrs.,  Wilmington, 

Del. 
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Makam.  \ikgil  Geokge.     Cons.  Kiiyr.,  205  West  Monroe  St.,  Chicago,  111. 
Mathewson,  Thomas  Knight.     Care,  L.  H.  Long,  Soutliern  Pacific  of  Mex- 
ico Ry.,  Tucson,  Ariz. 
Millard,  Charles  Sterling.     Supt.,  C,  C,  C.  &  St.  L.  Ry.,  Mattoon,  111. 
MiLLis,  John.     Col.,   Corps  of  Engrs.,  U.   S.   A.,  U.   S.   Engr.   Office,  P.   0. 

Bldg.,  Savannah,  Ga. 
MoLiioR,   David  Albert.     Cons.  Engr.,  319   Bewick  Ave.,  Detroit,  Mich. 
MoNCiuEFF.   Alexander   Bain.     6    College   St.,    St.    Peters,   Adelaide,   South 

Australia. 
Morgan,  Arthur  Ernest.     Pres.,  Dayton  Morgan   Eng.  Co.,  City  National 

Bank  Bldg.,  Dayton,  Ohio. 
Morrison,  Harry  Johnson.     Mullens.  W.  Va. 
Morse,   Howard  Scott.     Engr.,  Detroit  Bureau  of  Grovernmental   Research, 

100  Griswold  St.,  Detroit,  Mich. 
Morse,  Walter  Levi.     Special  Asst.  Engr.,  N.  Y.  C.  R.  R.,  Grand  Central 

Terminal,  New  York  City. 
Mower,  Harrison  Curtis.     U.  S.  Asst.  Engr.,  U.  S.  Engr.  Office,  P.  0.  Box 

976,  Mobile,  Ala. 
Oakes,  John   Calvin.     Maj.,   Corps  of   Engrs.,   U.   S.   A.,   815   Witherspoon 

Bldg.,  Philadelphia,  Pa. 
Page,   William    Nelson.     Pres.,   The    Gauley   Mountain   Coal    Co.,    Ansted, 

W.  Va. 
Pardee,  James  Thomas.     Cons.  Engr.,  P.  0.  Box  226,  Midland,  Mich. 
Pease,  Floyd  Odell.     Sanmaur,  ma  La  Tuque,  Que.,  Canada. 
Perkins,   Charles   Penrose.     Rosemont,   Pa. 
Pettei:,  Eugene  Everett.     Care,  J.  R.  Worcester  &  Co.,  79  Milk  St.,  Boston, 

Mass. 
Pew,  Arthur.     Cons.  Engr.,  500  Forsyth  Bldg.,  Atlanta,  Ga. 
Phipps,  Thomas  Elmer.     Chf.  Engr.,  Public  Service  Comm.  of  Washington, 

Olynipia,  Wash. 
Polleys,   William  Vaughan.     Buttonwoods,  R.  I. 
Pond,  Henry  Otis.     Managing  Engr.,  E.  B.  Cadwell  &  Co.,  Inc.,  25  Broad 

St.,  New  York  City. 
PowELSON,  Wilfrid  Van  Nest.     Cons.  Engr.,  61  Broadway,  New  York  City. 
Randle,    George   Nelson.     Engr.,   Reclamation    Dist.    No.    1500,    California 

Fruit  Bldg.,  Sacramento,  Cal. 
Raster,  Walther.     6743  Greenview  Ave.,  Chicago,  111. 
Real  y  Gaillard,  Juan  D.     Ferro  Carril  de  Cuba,  Camaguey,  Cuba. 
Reynders,  John   Van   Wicheren.     Vice-Prcs.,  The  Pennsylvania   Steel   Co., 

120  Broadway,  Room  2218,  New  York  City. 
Ripley,   Blair.     Lt.-Col.,   0.   C.    First   Constr.    Battalion,    6   Nanton   Court, 

Nanton  Ave.,  Toronto,   Ont.,   Canada. 
Robertson,  David.     Gen.  Delivery,  Norfolk,  Va. 
RoHRER,  Grant.     Contr.,  280  Madison  Ave.,  New  York  City. 
Rousseau,  Harry  Harwood.     Rear-Admiral,  U.  S.  N.,  257  Broadway,  Troy, 

N.  Y. 
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Savage,  Hiram  Newton.     2820  Park  Ave.,  San  Diego,  Cal. 
SCHILDHAUEB,  Edward.     Pres.,  Artillery  Fuse  Co.,  P.  0.  Box  516,  Wilming- 
ton, Del. 
SliAW,  Sumner  Farnham.     Apartado  38,  Guatemala,  Guatemala. 
Shoemaker,  Harry  Ives.     Engr.,  Welch,  Fairchild  &   Co.,  Inc.,   San  Jos6, 

Mindoro,  Philippine  Islands. 
SiDENius,   Harry.     Lieut.,   Care,   Gen.   Staff  Officer,   Sarcee  Military   Camp, 

Calgary,  Alberta,  Canada. 
SiKES,  Zenas  Harrison.     Asst.  Engr.  of  Structures,  N.  Y.  C.  R.  R.  Lines 

East  of  Buffalo,  Exterior  Zone,  Grand  Central  Terminal,  New  York 

City   (Res.,  343  Hawthorne  Ave.,  Yonkers,  N.  Y.). 
Sinks,  Frank  Forrest.     Engr.  and  Sales  Mgr.,  Pacific  Coast  Steel  Co.,  915 

Alaska  Bldg.,  Seattle,  Wash. 
Stern,  Isaac  Farber.     Cons.  Engr.,  1390  Old  Colony  Bldg.,  Chicago,  111. 
Taylor,   Harry.     Col.,   Corps  of   Engrs.,   U.   S.   A.,   39   Whitehall   St.,   New 

York  City. 
Thian,  Prosper  Eugene.     Valuation  Engr.,  N.  P.   Ry.,    1200  N.  Pac.  Ry. 

Bldg.,  St.  Paul,  Minn. 
Tonnesen,  Tobias.     Striberg,  Sweden. 
Torrance,    William    Martin.     Cons.    Engr.;    Vice-Pres.,    and    Chf.    Engr., 

Carson  Cons.  Co.,  123  Bull  St.,  Savannah,  Gu. 
Trout,  Harry  Edgar.     14th  and  High  Sts.,  Louisville,  Ky. 
Tuthill,  Job.     Crown  Bldg.,  Cleveland,  Ohio. 

Van  Hoesen,  Edmund  French.     1517  Fairfax  Ave.,  Hollywood,  Cal. 
Vincent,    Edward    Franklin.     Chf.    Engr.,    Colo.    &    South.    Ry.,    459    Ry 

Exchange  Bldg.,  Denver,  Colo. 
Vincent,     Edwin    Derickson.       1960    Vista     Del     Mar    Ave.,     Hollywood, 

Cal. 
von    Phul,    William.      (Ford,    Bacon    &   Davis),    1991    Broadway    St.,    San 

Francisco,  Cal. 
Walter,   Raymond   F.     Asst.    Chf.   of    Constr.,   U.   S.   Reclamation   Service, 

Denver,  Colo. 
Warner,  Edwin  Hall.     2326  West  23d  St.,  Los  Angeles,  Cal. 
Weatherly,  Everett  Pine.     216  Dwight  Bldg.,  Kansas  City,  Mo. 
Weymouth,    Frank   Elwin.     Chf.   of    Constr.,    U.    S.    Reclamation    Service, 

Denver,  Colo. 
Whitman,  Ezra  Bailey.     Engr.    (Norton,  Bird  &  Whitman),   1320  Munsey 

Bldg.,  Baltimore,  Md. 
Wright,  Joseph.     Engr.,  U.  S.  Reclamation  Service,  924  Fifth  Ave.,  North, 

Great  Falls,  Mont. 
Young,  Henry  Amerman.     Treas.  and  Mgr.,  Young  &  Hyde,  Inc.,  Produce 

Exchange  Bldg.,  New  York  City    (Res.,   10  Myrtle  Ave.,  Maplewood, 

N.  J. ) . 


August,  1916.]         MEMBERSHIP — CHANGES    OF    ADDRESS  515 

ASSOCIATE    MEMBERS 

Adams,  Frank  Hicks.     136  Prospect  St.,  Westfield,  N.  J. 

Alden,  Langford  Taylor.     Little  Compton,  R.  I. 

Allison,  Joseph  Chester.     Anderson  Bldg.,  Calexico,  Cal. 

Andrews,  George  Crowell.     Superv.  Engr.,  Bureau  of  Water,  50  Lakeview 

Ave.,  Buffalo,  N.  Y. 
AftMSTRONG,  George  Simpson.     2518  Monroe  St.,  Toledo,  Ohio. 
Arrington,   John.     Care,   British   Columbia    Sulphite    Fiber    Co.,    Standard 

Bank  Bldg.,  Vancouver,  B.   C,  Canada. 
Ayres,  Louis  Evans.    290  Clairmount  Ave.,  Detroit,  Mich. 
Baine,  George  Fredson.     74  Elm  St.,  Marlboro,  Mass. 
Baker,  John  Joseph.     332  First  St.,  Conemaugh,  Pa. 
Baldridge,  James  Ramsey.     In  Chg.  of  Estimating,  Irwin  &  Leighton,  1701 

Finance  Bldg.,  Philadelphia,  Pa. 
Baldwin,  Ernest  Wood.     St.  Louis,  Mich. 
Bandel,   John   Martin.     Engr.,   Davison   Chemical   Co.,    Curtis   Bay    (Res., 

R.  F.  D.,  LansdowTie),  Md. 
Barber,    Norman    Nathaniel.     Asst.    Engr.,    C,    M.    &    St.    P.    Ry.,    4210 

Seventh  Ave.,  Rock  Island,  111. 
Baxter,  David  Elder.     440  Riverside  Drive,  New  York  City. 
Beall,  Pendleton.     Engr.,  The  Texas  Co.,  Brookville  Rd.,  Chevy  Chase,  Md. 
Bean,  Paul  Jones.     Civ.  Engr.,  U.  S.  N.,  Edgewater,  Denver,  Colo. 
Begien,  Ralph  Norman.     Gen.  Supt.,  B.  &  0.  System,  Room  1300,  B.  &  0. 

'■        Bldg.,  Baltimore,  Md. 
Behrman,   Isadore  Ellis.     Plant   Dept.,  Am.  Telephone  &  Telegraph   Co., 

Baltimore,  Md. 
Bell,  Joseph  Edgar.     Care,  County  Surv.,  Great  Falls,  Mont. 
Benson,  Charles  Greenwood.     Archt.   (Benson  &  Andrews),  840  Broad  St., 

Augusta,  Ga. 
Bextley,  John  Clark.     133  Stile  St.,  Elizabeth,  N.  J. 
Berg.   John.     A?st.    Engr.,   Ralph   Modjeski    (Res.,   57    North   Lotus   Ave.), 

Chicago,  111. 
Billwiller,    Ernest   Oswald.     Civ.    and   Hydr.   Engr.    (Henderson    &   Bill- 
wilier),  311  East  Main  St.,  Stockton,  Cal. 
BiNFORD,  Charles  Munnerlyn.     Engr.,  J.   B.   B.   Coal   Co.,  Twin   Branch, 
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Stephens,   Allen    Whitmore.      Engr.,    Turner   Constr.    Co.,    11    Broadway, 
,ii;  JvNew  York  City  (Res.,  15  Whittlesey  Ave.,  East  Orange,  N.  J.). 
Stbomberg,   Julian   Willis.     Chicago  Mgr.,   Clinton   Wire   Cloth   Co.,    Ill 

West  Washington  St.,   Chicago,   111. 
Sullivan,  Maurice  Joseph.     City  Archt.,  207  City  Hall,  Houston,  Tex. 
SwATY,   David   Youngs.     Vice-Pres.,   The   Cleveland  Eng.    Constr.    Co.,   901 

Swetland  Bldg.,  Cleveland,  Ohio. 
SwiCKARD,  James  Blaine.     508  Franklin  St.,  Monterey,  Cal. 
Taylor,  Nelson.     626  South  Spring  St.,  Los  Angeles,  Cal. 
Taylor,  Wyllys  Hard.     Res.  Engr.,  Republic  Cotton  Mills,  Great  Falls,  S.  C. 
Tenney,  William  Field.     With  Stone  &  Webster  Eng.  Corporation,  Lock 

Box  746,  New  Bedford,  Mass. 
Thompson,  William  George  Boland.     227  Elm  St.,  West  Haven,  Conn. 
Todd,   Oliver  Julian.     Asst.   Engr.,   Board    of   Public   Works,    1201    Sixth 

Ave.,  San  Francisco,  Cal. 
ToRNQUiST,    Charles   Herman.     Care,   Jarret-Chambers    Co.,   Paris,    Idaho. 
Trott,  David  Crooker.     Supt.   of  Constr.,  U.   S.  Public   Bldgs.,   Kalispell, 

Mont. 
Tufts,  William.     Nashua,  N.  H. 

Underhill,  George  Gardner.     23  Western  Ave.,  Albany,  N.  Y. 
van   Rensselaer,   Allen.     Office   Engr.,    Sanderson   &   Porter,   207    Gallais 

Bldg.,  Tulsa,   Okla. 
Wall,  George  Albert.     Seal  Beach,  Cal. 
Wanzer,  James  Olin.     2910  Wheeler  St.,  Berkeley,  Cal. 
Warfield,  Ralph  Mervine.     Asst.  Civ.  Engr.,  U.  S.  N.,  U.  S,  Navy  Aero- 
nautic Station,  Pensacola,  Fla. 
Webb,  Isham  Gano.     Eng.  Insp.  and  Asst.  Supt.  of  Constr.,  Board  of  State 

Harbor  Commrs.,.R.  F.  D.  No.  1,  Box  132,  Concord,  Cal. 
Webb,  William  Tibbitts.    Apartado  74,  Remedios,  Cuba. 
Weber,  Daniel  Rishel.     Supt.  of  Constr.,  U.  S.  Reclamation  Service,  731 

Wells  Fargo  Bldg,,  San  Francisco,  Cal. 
Williams,  Harold  S.     Care,  Elec.  Investment  Co.,  Box  1537,  Boise,  Idaho. 
Williams,  William  Lane.     Supt.  of  Constr..  M.  A.  Talbott  Co.,  423  Park 

Ave.,  West  Mansfield,  Ohio. 
WiLSQN,  John  Junior.     Chf.  Engr.,  The  Primos  Min.  &  Milling  Co.,  Lake- 
wood,  Colo. 
Wood,  Robert  Lee.     Care,  Chf.  Engr.,  Santa  Fe  Ry.,  Galveston,  Tex. 
Wright,  Francis  Herbert.     With  H.  F.  Jones,  415  Am.  Trust  Bldg.,  Cedar 

Rapids,  Iowa. 
Zachby,  John  Low.     P.  0.  Box  649,  Knoxville,  Tenn. 
Zeitfuchs,   Emil  Albert.     Gen.   Supt.  of  Constr.   for  John   Galen  Howard 

for  Univ.  of  California,  286  Ridgeway.  Ave.,  Oakland,  Cal. 
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ASSOCIATES 

Belkxai',  Robert  Ernest.     Sales  Agt.,  Bethlehem  Steel  Co.,   1919  Peoples 

Gas   Bldg.,   Chicago,   111. 
Belzner,    Theodore.      Insp.    of    Steel    and    Bridge    Insp.    of    Maintenance, 

Queensboro  Bridge,  Dept.  of  Plant  and  Structures,  305  East  60th  St. 

(Res.,  586  West  178th  St.),  New  York   City. 
Cole,  George  Nathan.     1328  Broadway,  New  York  City. 
Connor,  Edward  James.     Care,  Fred'k  Douglass,   130  Pearl  St.,  New  York 

City. 
Kenyon,  William  John  Charles.     Cons.  Engr.,  Lock  Box  415,  St.  Joseph, 

Mo. 
Maignen,  Jean   Prosper  Auguste.      (Maignen   Chemical   Co.),    1311    Arch 

St.,  Philadelphia,  Pa. 
Moxham,  Arthur  James.     Care.  Virginia  Haloid  Co.,  120  Broadway,  Room 

3004,  New  York   City. 
Stilson,  Mixott  Augur  Osborn.     1775  North  Ave.,  Bridgeport,  Conn. 


AcKHART,  Andrew  Lewis.     La  Salle,  N.  Y. 

Anderson,  Andrew  John  Albert.     913  Irving  Park  Bovilevard,  Chicago,  III. 

Beck,  Ralph  Ernest.     Junior  Engr.,  Public  Service  Comm.  of  New  York, 

First  Dist.    (Res.,  14  Prospect  Park,  S.  W.),  Brooklyn,  N.  Y. 
Bickerton,  Wilbur  Earl.     Care,  Trussed  Concrete  Steel   Co.,  141  Milk  St., 

Boston,   Mass. 
Bolton,  Frank  Leonard.     Res.  Engr.,  Mill  Creek  Flood  Control,  508  Palace 

Hardware   Bldg.,   Erie,   Pa. 
Bringhurst,    Horace   Morton.     Structural    Draftsman,    McClintic-Marshall 

Const.   Co.,  205   Mill  vale   St.,   Pittsburgh,   Pa.  ' 
Broker,  Albert  Edward.     Supt.  of  Constr.,  Chickamauga  Quarry  &  Constr., 

Co.,  Box  623,  Savannah,  Ga. 
Bbown,  Harry  Madara.     P.  O.  Box  636,  Mount  Kisco,  N.  Y. 
Carpenter,  Sinclair  Ernest.     529  East  IDth  St.,  Oakland,  Cal. 
Chouinard,    William    James.     Bridge   Draftsman   for    King    County,    2207 

East  Olive  St.,  Seattle,  Wash. 
Clift,  William  Brooks.     Care,  Gould  Contr.  Co.,  Rock  Island,  Tenn. 
Colas,  Nicholas.     Sta.  Lucia  Alta  No.  19,  Santiago  de  Cuba,  Cuba. 
Cole,  Harry  Waldo.     Care,  Petroleum  Iron  Works  Co.,  Sharon,  Pa. 
Connelly,    Walter    Louis.      Care,    Davock    Bldg.    Co.,    7    Campau    Bldg., 

Detroit,  Mich. 
Crane,  Jacob  Leslie,  Jr.     400  Interstate  Bldg.,  Kansas  City,  Mo. 
Davis,   William   Eilert.     Constr.   Boss,.  Grove   Farm   Plantation,    Box   41, 

Lihue,   Kanai,   Hawaii. 
DE  Charms,  Richard,  Jr.     Jekyl  Island,  Brunswick,  Ga. 
Dun,  Henry  Walke,  Jr.     Insp.,  Eng.  Dept.,  A.,  T.  &  S.  F.  Ry..  1026  Quincy 

St.,  Topeka,  Kans. 
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JUNIORS    (Continued) 

FiSKE,  Harold  Laselle.  Engr.,  The  Foundation  Go.,  203  East  27th  St., 
New  York  City. 

Froiseth,  Richard  Eugene.  Care,  Pittsburgh  Idaho  Hydr.  Min.  Co.,  Stier- 
man  Ranch,  Boise,  Idaho. 

Gay,  George  Inness.  Care,  William  F.  Gay,  22  West  1st  St.,  Mount  Vernon, 
N.  Y. 

Gebhardt,  John  Frederick  William.  Depto.  Nacional  de  Fomento,  Casilla 
de  Correo  334,  Asuncion,  Paraguay. 

Gray,  Earle  Pierce.  Instrumentman,  Office  of  Res.  Engr.,  N.  Y.  C.  R.  R., 
901  Prouty  Ave.,  Toledo,  Ohio. 

Hartford,  Fred  Dailey.  Designer,  L.  B.  Skinner,  608  Pearl  St.,  Denver, 
Colo. 

Henderson,  John  Taylor.     Lieut.,  2d  Infantry,  Nogales,  Ariz. 

Hoar,  Allen.     Care,  A.  C.  Dodds,  162  South  Mentor  St.,  Pasadena.  Cal. 

Kaufmann,  Ernst  Gustav.     735  Delaware  Ave.,  Buffalo,  N.  Y. 

Krach,  Fred  Roy.     Insp.,  Inland  Steel  Co.,  6340  Sangamon  St.,  Chicago,  111. 

Leonard,  Edward  Philip.     1115  Carroll  St.,  Brooklyn,  N.  Y. 

Lewis,  Harold  MacLean.  Asst.  Engr.,  Charles  W.  Leavitt,  220  Broadway, 
New  Y'ork  City   (Res.,  Loretto,  Pa.). 

Magor,  Stuart  Fabian.  Supt.,  Brashear-Burns  Co.,  427  I.  N.  Van  Nuya 
Bldg.,  Los  Angeles,  Cal. 

Morse,  Frederick  Thurlough.  Care,  Chf.  Engr.  of  Santa  Fe  Ry.,  Topeka, 
Kans. 

Nelsox,  Ernest  Benjamin.     Care.  Andes  Exploration  Co.,  Chafiaral,  Chili. 

Nolan,  Quinces  Robertus.  Res.  Engr.  with  Hillside  Cotton  Mills,  La 
Grange,   Ga. 

Ogden,  Merton  Miles.  Transitman,  Div.  of  Surveys,  Panama  Canal,  Bal- 
boa Heights,  Canal  Zone,  Panama. 

Ort,  Albert  August  Lambert.  Asst.  Engr.,  Miami  Conservancy  Dist., 
Dayton,   Ohio. 

Patterson,  Charles  Scott.  Div.  Engr.,  M.,  K.  &  T.  Lines,  P.  0.  Box  21, 
Wichita   Falls,   Tex. 

Payne,  Louis  Watters.  Care,  Constr.  Dept.,  Chile  Exploration  Co.,  Chu- 
quicamata    {via  Antof  agasta ) ,  Chili. 

Pearson,  Harry  Brownley,  Jr.  Asst.  Engr.,  H.  C.  Frick  Coke  Co.,  Scott- 
dale,  Pa. 

Peek,  Jesse  Hope.     115  East  St.  Catherine  St.,  Louisville,  Ky. 

Rakestraw,  Charles  Lysandeb.     5102  West  St.,  Oakland,  Cal. 

Richards,   George  William.     1526   Frick  Bldg.,  Pittsburgh,   Pa. 

Richards,  Walter  Alan.     Care,  Hardaway  Contr.   Co.,  Electric,  N.   C. 

Rimbault,  Emile  Leonard,  Jr.     556  West  191st  St..  New  York  City. 

Robinson,  Russell  Moore.  Care,  Clinchfield  Products  Corporation,  John- 
son  City,  Tenn. 

Rose,  Alston  Orange.  Asst.  Engr.,  J.  F.  Witmer  Co.,  314  South  Cth  St., 
Ironton,   Ohio. 
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Segura,   Valkriano.     Dist.   Eiigr.,   Bureau  of   Public   Works,   Manila,   Phil- 
ippine Islands. 
Serra,  JiLius  Herschel.     1578  East  22d  St.,  Brooklyn,  N.  Y. 
Smith,  Herschel  C,     Poteau,  Okla. 
SsiiTH,  Richard  Bennett.     Structural  Draftsman,  C,  C,  C.  &  St.  L.  Ry., 

Chf.  Engr.'s  Office,  Cincinnati,  Ohio. 
Souther,  Morton  Edwin.     2231  Knapp  St.,  St.  Paul,  Minn. 
Spangler,  Lysle  Enoch.     Asst.  Supt.,  Constr.,  Potash  Plant,  for  Hercules 

Powder  Co.,  Box  139,  Chula  Vista,  San  Diego,  Cal. 
Stanford,  James  Leland.     Hamilton,  Ga. 
Stow,  Frederic  Stevens.     Roxbury,  Conn. 
Taylor,  George  Blaney.     Designing  Engr.,  Berlin  Constr.  Co.,  Berlin   (Res., 

96  Harrison  St.,  New  Britain),  Conn. 
Thornton,    Charles    Edward.     Care,    Virginia    Lead    & .  Zinc    Corporation, 

Jones   Store   P.   0.,  Va. 
Toms,  Jay  William.     1515  Great  Northern  Bldg.,  Chicago,  HI. 
Van   Ness,   Russell  Alger.     Structural   Draftsman,   Am.   Bridge   Co.,   545 

Harrison  St.,  Gary,  Ind. 
Veatch,  Francis  Montgomery.     Care,  Eng.  Dept.,  State  Board  of  Health, 

Lawrence,  Kans. 
Waite,  Earle  Chester.     Civ.  Engr.,  Vice-President's  Office,  Bethlehem  Steel 

Co.,  University  Heights,  South  Bethlehem,  Pa. 
Ward,  George  Sparkman.     Care,  Beebe  &  Tull,  Spartanburg,  S.  C. 
Warrack,  James  Baldwin.     Engr.  and  Contr.    (Warrack  Constr.  Co.),  431 

Lyons  Bldg.,  Seattle,  Wash. 
Way,  William  Floyd.     4730  Eleventh  Ave.,  N.  E.,  Seattle,  Wash. 
Wernecke,   Chauncy.     4546  Eighteenth  Ave.,  N.  E.,   Seattle,  Wash. 
White,  Roy  Allert.     R.  F.  D.  No.   7,   Coldwater,  Mich. 
WiLLCOX,  Henry.     Asst.  Supt.,  Kalmus,  Comstock  &  Westcott,  9  Harcourt 

St.,  Boston,  Mass. 


RESIGNATIONS 

associate   members  Re'^fgnation. 

Cameron,  Kenneth  Mackenzie June    30,  1916 


JUNIORS 

Affleck,  Myron  Hopkins  Strong May     19,  1916 


DEATHS 

Argollo,  Miguel  de  Tieve  e.     Elected  Member  October  2d,  1895;   died  May 

14th,  1916. 
Cartlidge,  Charles  Hopkins.     Elected  Member,  May  4th,  1904;  died  June 

14th,   1916. 
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Coffin,  Amoey.     Elected  Member  March  3d,   1875;   died  June  5th,  1916. 
CoNKXiNG,  Cloud  Clifford.     Elected  Member,  January  4th,  1905;  died  May 

8th,  1916. 
CONLON,  Frank  Joseph.     Elected  Associate  Member,  March  2d,  1915;   died 

June  28th,    1916. 
COBTHELL,  Elmer  Lawrence.      {President.)      Elected  Member,  September  2d, 

1874;   died  May  16th,  1916. 
Cunningham,   David   West.     Elected   Member,   May   7th,    1873;    died   May 

10th,  1916. 
Floy,  Henry.     Elected  Member,  June  6th,  1911;  died  May  5th,  1916. 
Hall,  Henry  Arthur.     Elected  Member  May  7th,  1902;   date  of  death  un- 
known. 
Hill,  James  Jerome.     Elected  Fellow,  January  10th,  1889;  died  May  29th, 

1916. 
KuNZ,  Frederic  Charles.     Elected  Associate  Member,  February  6th,  1895; 

Member,  December  7th,  1898;   died  May  3d,  1916. 
McKenzie,  Thfx)dore  Hall.     Elected   Member,  September   7th,    1881;    died 

May,   1916. 
McMullen,  Stanley  Hastings.     Elected  Associate  Member,  November  3d, 

1915;   died  July  12th,  1916. 
Mais,  Henry  Coathupe.     Elected  Member,  June  6th,   1883;    died  February 

25th,  1916. 
Osgood,  Joseph  Otis.     Elected  Junior,  May  3d,  1876;   Member,  March  5th, 

1879;  died  June  28th,  1916. 
Rockwell,    James    Vincent.     Elected    Junior,    April    3d,    1900;    Associate 

Member,  February  4th,  1903;  Member,  November  5th,  1907;  died  May 

24th,  1916. 
Rohwer,  Henry.     Elected  Member,  April  1st,   1903;   died  May  4th,  1916. 
ScHi.AFLY,  Roy  Karl.     Elected  Associate  Member,  September  3d,  1913;  date 

of  death  unknown. 
Sooysmith,  Charles.     Elected  Member,  May  5th,  1886;  died  June  1st,  1916. 
Whittemore,   Don   Juan.      (Past-President.)      Elected   Member,   July    10th, 

1872;    Honorary  Member,  January   6th,   1911;    died  July   16th,   1916. 


Total  Membership  of  the  Society,  August  3d,  1916, 
8  033- 


August,  191(5.]         CURRENT   ENGINEERING   LITERATURE 


527 


MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(May  2d,  to  July  22d,  1910) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 

(2)  Proceedings,   Engrs.   Club  of  Phila., 

Philadelphia,  Pa. 

(3)  Journal,    Franklin    Inst.,     Philadel- 

phia, Pa.,  50c. 

(4)  Journal,    Western     Soc.    of    Engrs., 

Chicago,  111.,  .50c. 

(5)  Transactions,     Can.      Soc.      C.      E., 

Montreal,  Que.,  Canada. 

(6)  School     of     Mi7ies     Quarterly,     Co- 

lumbia    Univ.,     New    York     City, 
50c. 

(7)  Gesundheits      Ingenieur,      Miiuchen, 

Germany. 

(8)  Stevens     Institute     Indicator,     Ho- 

boken,  N.  J.,  50c. 

(9)  Engineering    Magazine,    New    York 

City,  25c. 

(11)  Engineerinq  (London), W.  H.  Wiley, 

432  Fourth  Ave.,  New  York  City, 
25c. 

(12)  The     Enoineer      (London),      Inter- 

national    News     Co.,     New    York 
City,  35c. 

(13)  Engineering  News,  New  York  City, 

15c. 

(14)  Engineering      Record,      New      York 

City,  10c. 

(15)  Railway    Age    Gazette,    New    York 

City,  15c. 

(16)  Engineering     and    Mining     Journal, 

New  York  City,  15c. 

(17)  Electric      Raihuay      Journal,      New 

York  City,  10c. 

(18)  Railicaii  Review,   Chicago,   111.,   15c. 

(19)  Scientific  American  Supplement,  New 

York  City,  10c. 

(20)  Iron  Age,  New  York  City,  20c. 

(21)  Railway     Engineer,    London,     Eng- 

land, Is.  2d. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don, England,   6d. 

(23)  Railivay   Gazette,   London,   England, 

6d. 

(24)  American   Gas   Light  Journal,    New 

York  City,  10c. 

(25)  Railway  Mschanical  Engineer,   New 

York  City.  20c. 

(26)  Electrical     Review,     London,     Eng- 

land, 4d. 

(27)  Electrical    World,    New    York    City, 

10c. 

(28)  Journal,  New  England  Water-Works 

Assoc,  Boston,   Mass.,   $1. 

(29)  Journal,    Royal     Society     of     Arts, 

London,   England,    6d. 


(30)  Annates     des     Travanx    Puhlics    de 

Bclgique,  Brussels,  Belgium,  4  fr. 

(31)  Annates   de   rAssoc.   des   Ing.   Sortis 

des     Ecoles     Sp6ciales     de     Gand, 
Brussels,   Belgium,   4  fr. 

(32)  Memoires     et     Compte     Rendu     des 

Travaux,  Soc.  Ing.  Civ.  de  France, 
Paris,   France. 

(33)  Le  Genie  Civil,  Paris,  France,  1  fr. 

(34)  Portefeuille    Economiques    des    Ma- 

chines, Paris,   France. 

(35)  Nouvelles   Annates   de   la   Construc- 

tion, Paris,   France. 

(36)  Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue     Generate     des     Chemins     de 

Fer     et     des     Traimvays,     Paris, 
France. 

(39)  Technisches     Ge')neindeblatt,    Berlin, 

Germany,  0,  70m. 

(40)  Zentralblatt      der       Bauverwaltung, 

Berlin,  Germany,   60  pfg. 

(41)  Electrotechnische    Zeitschrift,    Ber- 

lin,  Germany. 

(42)  Proceedinqs,  Am.  Inst.  Elec.  Engrs., 

New  York  City,  $1. 

(43)  Annates    des    Pouts    et    Chaussees, 

Paris,   France. 

(44)  Journal,    Military    Service    Institu- 

tion, Governors  Island,  New  York 
Harbor,   50c. 

(45)  Coal  Age,  New  York  City,   10c. 

(46)  Scientific  American,  New  York  City, 

15c. 

(47)  Mechanical     Engineer,     Manchester, 

England,   3d. 

(48)  Zeitschrift,     Verein     Deutscher     In- 

genieure,      Berlin,      Germany,      1, 
60ra. 

(49)  Zeitschrift     fiir    Bauwesen,     Berlin, 

Germany. 

(50)  Stahl    und    Eisen,    Diisseldorf,    Ger- 

many. 

(51)  Deutsche    Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche     Industrie-Zeitung,     Riga, 

Russia,  25  kop. 

(53)  Zeitschrift,      Oesterreichischer      In- 

genieur  und    Architekten    Verein, 
Vienna,  Austria,  70h. 

(54)  Transactions,   Am.    Soc.   C.   E.,   New 

York  City,  $12. 

(55)  Transactions,  Am.   Soc.   M.   E.,   New 

York  City,  $10. 
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(56)  Transactions,  Am.  Inst.  Min.  Engrs., 

New  York  City,  $6. 

(57)  Colliery     Guardian,      London,     Eng- 

land,  5d. 

(58)  Proceedinps,    Engrs.'    Soc.    W.    Pa., 

2511     Oliver     Bldg.,     Pittsburgh, 
Pa.,  50c. 

(59)  Proceedings, ATneTica.n  Water-Works 

Assoc,   Troy,    N.  Y. 

(60)  Municipal  Engineering,  Indianapolis, 

Ind.,   25c. 

(61)  Proceedings,  Western  Railway  Club, 

225    Dearborn    St.,    Chicago,    111., 
25c. 

(62)  Steel   and   Iron,   Thaw   Bldg.,    Pitts- 

burgh,  Pa.,   10c. 

(63)  Minutes  of  Proceedings,  Inst.   C.  E., 

London,   England. 

(64)  Poiver,   New   York   City,    5c. 

(65)  Official  Proceedings,  New  York  Rail- 

road  Club,    Brooklyn,   N.   Y.,    15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,   6d. 

(67)  Cement     and     Engineering      News, 

Chicago,  111.,  25c. 

(68)  Mining    Journal,    London,    England, 

6d. 

(69)  Der  Eisenbau,  Leipzig,  Germany. 

(71)  Journal,   Iron   and   Steel  Inst.,   Lon- 

don,   England. 
(71a)    Carnegie       Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  A7nerican      Machinist,      New      York 

City,   15c. 

(73)  Electrician,    London,    England.    18c. 

(74)  Transactions,      Inst,     of     Min.     and 

Metal.,  London,  England. 
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Bridge  Washouts  in  the  Desert.*      (13)      May  11. 

A   New  Ohio   River  Bridge  at  Metropolis.*      (IS)      May  12. 

Truss   Deflectious   Accurately   Determined   by    Angle   Changes   and   Elastic   Weights.* 

D.   B.  Steinuian.      (14)      Serial  beginning  May   13. 
Well-Balanced  Mixing  Plants  Pour  Dense  Concrete  from  High  Towers  on  Long  High- 
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(14)      June   24. 
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New  Reinforced  Concrete  Bridge  at  Houston.*      J.  L.  Jacobs.      (67)      July. 
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E.  J.  Doyle.      (14)      July  8. 
Tower  and  Derrick  on  Same  Boat  in  Concrete  Plant  for  Bridge.*      A.   Frederickson 

(14)      July    8. 
Three-Mile     Concrete     Causeway     Which     Saves     Thirty     Miles     of    Travel.*      (46) 

July  8. 
Bridge  Across   the  Ohio  River   at  Metropolis,    111.*      (18)      July    8. 
Finish    Deep    Bridge    Substructure,    Designed   to    Reduce   Work    Under    Water,    Month 

Ahead  of   Time.*      Frank   M.    Cortelyou.      (14)      July    8. 
Tests  of  Large  Bridge  Struts  Reveal  New  Facts.*      (13)      July   13. 
K-Truss   Bridge  of   Santa   Fe  Across   Arkansas   River.*      (13)      July   20. 
The  Reconstruction  of  the  Keokuk  Bridge.*      (15)      July  21. 
L'Etat  des  Travaux  du  Pont  de  Quebec  sur  le  Saint- Laurent   (Canada).*      P.  Calfas. 

(33)      June  3. 
Bogenbrucken      aus      umsehniirtem      Gusseisenbeton.*      H.      Nitzsche.      (51)      Serial 

beginning   Sup.    No.    5. 
Neubau  der  Thurbriicke  bei   Giitighausen.*      A.   Rohn.      (107)      Apr.    1. 
Die  Drahtseil-Hangebriicke  bei   Landquart.*      A.  Walther.      (107)      May   20 

Electrical. 

Electric    Service   Problems    and    Possibilities.*  P.    Junkersfeld.      (58)      Mar. 

Power  Station   Building.*      James  N.  Hatch.  (4)      Mar. 

Universal  Electricity   Supply.      Samuel   Insull.  (58)      Mar. 
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Magnetisation    by    Rotation.*      S.    J.    Barnett.      (From    the    Physical    Review.)      (73) 

Apr.  21. 
A  Large  Battery  Sub-Station.*      (26)      Apr.  21. 
A  Plea  for  the  Standardisation  of  Switchgear.      J.  P.  C.  Klvlen.      (Paper  read  before 

the  Assoc,  of  Mln.  Elec.  Engrs.)       (22)      Apr.  28. 
Mechanical   Tamping  of  Trench    Backfill    (for  Telephone  Conduit).*      C.    W.    Wilson. 

(60)      May. 
The  Municipal  Lighting  Plant  of  Detroit,  Michigan.*      (60)      May. 
Suggestions  for  Electrical   Research   in   Engineering   Colleges.      V.    Karapetoff.      (42) 

May. 
The    Use    of    Continuous    Current    for    Terminal    and    Trunk    Line    Electrification.* 

Norman   Wilson    Storer.      (77)      May    1. 
Hire     and      Maintenance     of     Continuous-Current      Motors.      Henry      Joseph.      (77) 

May  1. 
Municipal    Power    Plant    Operated    by    Saskatoon,    Canada.*      A.    G.    Christie.      (64) 

May  2. 
Losses     in     Continuous-Current    Motors     and     Generators.*      A.     M.     Bennett.      (64) 

May  2. 
The  Rennerfelt  Electric  Arc   Furnace.*      C.   H.   Vom    Baur.      (Paper   read  before  the 

Am.    Electrochemical    Soc.)       (20)      May    4;      (47)      May    26. 
Remington  Arms  Power  Plant  at  Bridgeport.*      (20)      May  4. 
A   Rotary   Converter   Installation.*      E.   P.   Austin.      (26)      May   5. 
Small    Electric    Stations.      Louis    J.    Lawless.      (Paper    read    before    the    Eng.    and 

Scientific  Assoc,  of  Ireland.)       (104)      May  5. 
New  Aviation  Beacons  That  Make  Safe  the  Landing  of  Aircraft  at  Night.*      Robert 

G.  Skerrett.      (46)      May  6. 
Growth    of    a    Combination    Utility    in    a    Small    City.     Arthur    Curtis    Scott.      (27) 

May  6. 
Great  Electro-Magnets.*     A.  Cotton.      (From  Revue  Generate  des  Sciences  Pures  et 

Ajypliquces.)       (19)      Serial  beginning  May   6. 
Effects   of   Electrolysis   on    Underground    Piping   Systems.      Albert   F.    Ganz.      (Paper 

read  before  the  Inter.   Eng.  Congress.)       (19)      May  6. 
Parallel   Operation   of   Alternators.*      L..    .J.    Corbett.      (Ill)      May   6. 
Large   Increase   in   Central   Station   Business.      (27)      May   6. 
Carondelet   Power   Plant.*      Thomas   Wilson.      (64)      May   9. 
Electrical  Winding  Plant  in   Scotland.*      (12)      May   12. 
Installation  of  a  Special   Pole-Top   Regulator.      (27)      May   13. 
Installation  Features  at  Alexandria,   Va.,   Steam  Station    (Electric  Plant).*      Francis 

R.   Welier.      (27)      May   13. 
Operating  Data  from  Two  Kansas  Plants.      (27)      May  13. 
A   New  Triangulation   Signal   Lamp.*      E.   G.    Fischer.      (Ill)      May   13. 
Installation  of  Lighting  Units  in  Power  Stations.*      M.  M.  Samuels.      (27)      May  13. 
Performance   of   30  000- Kv/.    Steam    Turbo-Generators.*      (27)      May    13. 
Electric   Furnace   Development   at   Niagara   Falls.      F.   J.   Tone.      (Paper   read   before 

the  Am.  Electrochemical  Soc.)       (82)      May  13. 
Induction   Motor  Characteristics.      H.   M.   Phillips.      (64)      May   16. 
The    Electric    Lighting    of    Small    Towns.      H.    N.    Munro.      (Paper    read    before    the 

Junior   Institution   of   Engrs.)       (104)      May    19;    (47)      May   26;      (26)      June 

9  ;    (73)      June  16. 
Third    Harmonics    in    the    Phase   Pressure    of    Three-Phase    Alternators    with    Cylin- 
drical Rotors.*      A.   B.  Clayton.      (73)      May   19. 
The  Production  of  Constant  High  Potential  with  Moderate  Power  Capacity.*      A.  W. 

Hill.      (Abstract  from   General  Electric  Review.)      (73)      May  19. 
Electric  Enterprises  in  Japan.*      (Ill)      May  20. 

Electric   Service  to  Interconnected   Illinois  Towns.*      (27)      May  20. 
The   Trend  of  Central   Station   Development.*      L.   A.    Ferguson.      (27)      May   20. 
The    Rennerfelt    Electric    Furnace.*      Alfred    Stansfield.      (Abstract    from    Report    to 

the  Dept.  of  Mines  of  Canada.)       (19)      May  20. 
Telephonometry.*      B.   S.   Cohen.      (Abstract  of  paper   read  before   the  Institution   of 

Post  Office  Elec.  Engrs.)       (73)      Serial  beginning  May  26. 
Photometry    of    the    Gas-Filled    Lamp.*      G.    W.    Middlekauff    and    J.    P.    Skogland. 

(Ab-tract   from   Scientific   Papers.    Bureau    of    Standards.)       (73)      May    26. 
The    Determination    of    the    Dimensions    of    Commutators.      Thomas    Carter       (73) 

May  26. 
Electrically   Driven   Paper   Mill.*      Thomas   Wilson.      (64)      May   30. 
The   Corona  Voltmeter.*      J.    B.   Whitehead   and   M.    W.    Pullen.      (42)      June;    (27) 

June  17. 
Protection   of  High-Voltage   Distribution   Systems   by   Isolating  Transformers      O     O 

Rider.      (42)      June. 
Megger  and  Other  Tests  on  Suspension  Insulators.     F.  L.  Hunt.      (42)      June 
Electric  Drive  for  Reversing  Rolling  Mills.*      Wilfred  Sykes  and  David  Hall.      (42) 

June. 
Experiences   in   Testing  Porcelain.     E.    E.    F.   Creighton.      (42)      June. 

•  Illustrated. 
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A  New  Method  of  GradiuR  Suspension   Insulators.*      R.  II.  Marvin.      (42)      June. 
The  Electricity   Supply  of  Great  Britain.*      Ernest  T.  Williams.      (77)      June. 
Report  of  the  Transmission  Committee:   I-Data  from  OperatiuK  Plants  on  the  Effect 

of    Altitude    on    the    Operating    Temperature    Rise    of    Electrical    Apparatus.* 

Percy  H.  Thomas.      (42)      June. 
Theory  of  Parallel  Grounded  Wires   and   Production  of  High   Frequencies   in   Trans- 
mission Lines.*      E.   E.   F.   Creighton.      (42)      June. 
Service  Branches  from   E.xtra  High-Tension  Circuits.      D.   M.   Macleod.      (77)      June. 
Experience  and  Recent  Developments  in  Central  Station  Protective  Features.*      N.  L. 

Pollard  and  J.  T.  Lawson.      (42)      June. 
How  to  Select  Industrial  Motors.*      Thomas  Robson  Hay.      (9)      June. 
Application  of  a  Polar  Form  of  Complex  Quantities  to  the  Calculation  of  Alternating- 
Current  Phenomena.*      N.   S.  Diamant.      (42)      June. 
The    Economical    Production    of    Power   from    Coke-Oven    Gas    (for    Electric    Plants). 

G.    Dearie.      (77)      June. 
The    Testing    of    Underground    Cables    with    Continuous    Current.*      O.    L.    Record. 

(77)      June. 
Notes    on    Design    of    Electromagnetic    Machines.*     Stanley    Parker    Smith.      (73) 

Serial  beginning  June  2. 
Operation  of  an  Ohio  Interconnected  System.*      (27)      June  3. 
Final   Hearing  on   National   Electrical   Safety   Code.      (27)      June   3. 
Quitman    Municipal    Water    and    Light    Plant.*      F.    B.    Crowell.      (64)      June    6. 
Magnetic    Amplifier   for    Radiotelephony.*      E.    F.    W.    Alexand-erson    and    S.    P.    Mix- 

dorff.      (Abstract  of  paper  read  before  the  Inst,  of  Radio  Engrs.)      (73)      June  9. 
Electric  Vehicle  Progress.*      (Papers  read  before  the  National  Electric  Light  Assoc.) 

(26)      June  9. 
Electrical  Switch-Gear  for  Industrial  Purposes.*      (II)      June  9. 
The  Predetermination  of  Higher  Harmonics  in  the  Alternating  Current  Transformer 

when   the    Impressed   E.    M.    P.    is   a   Simple  Harmonic    Function   of   the   Time. 

Geo.  R.  Dean.      (73)      June  9. 
Electric  Trucks  in  Government  and  City  Service.*      (27)      June  10. 
Methods  for  Working  on  Live  High-Voltage  Lines.*      J.  O.  Hardin.      (27)      June  10. 
A  Recent  Railway  Substation.*     G.  C.  Hecker.      (17)      Serial  beginning  June  10. 
Installation    Costs    for    Industrial    Plant    Substations.*     N.    Nesbitt    Teague.      (27) 

June  10. 
Progress   in    Arc   Lamp   Technology.*     Werner    Bergs.      (From    Prometheus.)      (19) 

June  10. 
New  Cincinnati  Hospital  Plant.*      Thomas  Wilson.      (64)      June   13. 
An  Electric  Arc  Furnace  for  Laboratory  Use.*      Oliver  P.  Watts.      (105)      June  15. 
Municipal   Electrical   Extensions   at  Kilmarnock.*      (26)      Serial   beginning   June   16. 
The  Problem  of  the  Small  Generating  Station.*      Geo.  Wilkinson.      (73)      June  16. 
Alternating-Current   Motors.*      H.   C.   E.   Jacoby.      (Paper   read  before  the  Assoc,   of 

Supervising  Electricians.)       (47)      June  16. 
Turbine-Driven   Alternators.*      (73)      June   16. 

Causes  of  Telephone  Noise  and  Its  Elimination.*      Frank  T.  Coldwell.      (27)   June  17. 
An    Analysis    of    Vapor-Rectifier    Losses.*      William    Tschudy.      (From    Bulletin    des 

Schweizerischen  Elektrotech  Vereins.)       (27)      June  17. 
Synchronous  Gearing  Mechanisms  of  Essential  Importance  in  the  Printing  Telegraph.* 

(19)      June  17. 
Electric   Truck   Troubles.     F.    E.    Whitney.      (Paper   read   before   the   National   Elec. 

Light  Assoc.)       (19)      June  17. 
Concrete     Cells     for     Circuit     Breakers     and     Busbars.*     C.     H.     Sanderson.      (27) 

June  17. 
Unit   No.   3  at  Northwest  Station.*     Thomas  Wilson.      (64)      June  20. 
Principles  of  Phase  Converter.*      (64)      June  20. 
Making    Wire    Guards     for     Electric     Incandescent     Lamps.*     Ethan     Viall.      (72) 

June  22. 
Electrolysis  from  Stray  Currents.*      (11)      June  23. 

Edison  Battery  Vehicles  in  Municipal  Service.*      W.  H.  L.  Watson.      (73)      June  23. 
Switchgear  for  Central   Stations  and  Isolated  Plants.*      (73)      June  23. 
The  Johannesburg  Municipal  Electric  Power  Station.*     J.  H.  Dobson.      (Abstract  of 

paper  read  before  the   South  African   Institution  of   Engrs.)      (47)      Serial   be- 
ginning June  23. 
The  Generation  of  Electricity  on  a  Small  Scale  or  Bulk  Supply.*     H.  S.  Ellis.      (Ab- 
stract   of    paper    read    before    the    Incorporated    Municipal    Elec.    Assoc.)      (73) 

June  23. 
Control    Gear    for    Direct-Current    Motors.     E.    F.    Butler.      (26)      Serial    beginning 

June  23. 
Adjustable  Speed  Induction  Motors.*      (12)      June  23. 
Portland    Railway    and    Light   Valuation.      (27)      June   24. 

The  Testing  of  Household  Appliances.*      H.  A.  Cozzens,   Jr.      (27)      June   24. 
Railway  Motor  Field  Control.*      D.  C.  Hershberger.      (Paper  read  before  the  Illinois 

Elec.  Rys.  Assoc.)      (17)      June  24. 

*  Illustrated. 
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Comparative  Economies  of  Old  and  New  Motors.      W.  A.  Clough.      (Paper  read  before 

the  Illinois  Elec.  Rys.  Assoo.)      (17)      June  24. 
Electric  Drive  in  Clay  Product  Manufacture.*      Norman  G.  Meade.      (27)      June  24, 
Devices   for   Protecting   Armatures.     R.    H.    Parsons.      (17)      June    24. 
Operating  Direct-Current  Generators   in   Parallel.*      H.   G.   Gibson.      (64)      June   27. 
The  Losses  in  Cables  at  High  Frequencies.*      Edwin  F.  Northrup  and  R.  G.  Thomp- 
son.     (3)      July. 
Street   Lighting  Installation   in    Port  Jervis,   New   York.*      H.   A.   Tinson   and   D.   M. 

Diggs.      (From   General   Electric  Revieiv.)       (60)      July. 
Analysis  of  Merrill  Report  on  Water  Power.      (27)      Serial   beginning  July  1. 
Agricultural   Uses  of   Power  ;    Mt.   Whitney   Power  and   Electric   Company's   System.* 

S.  T.  Harding.      (Ill)      July  1. 
Electricity  Supply.*      W.  W.  Lackie.      (Abstract  of  paper  read  before  the  Institution 

of  Engrs.  and  Shipbuilders.)       (73)      July  7. 
Motor  Drive  for  Steel   Mills.*      F.   B.   Crosby.      (Abstract  from   the   General  Electric 

Review.)       (73)      July  7. 
Characteristics  of  a  Series  Lighting  System.*      Roy  E.  Uptegraff.      (27)      July  8. 
Electrical   Features   of   Portland   Rose   Festival.*      (Ill)      July   8. 
Thin-Plate   Batteries   for   Reserve    Service.*      Philip   Torchio.      (27)      July    8. 
A    5  000    Hp.    Silent    Chain    Drive     (for    Power    Plant).*       John    R.    Allen.       (72) 

July   13. 
Lightning  Protection  of  4  000-Volt  Circuits.*      (27)      July  15. 

Electro-Metallurgical   Uses   of    Surplus   Power.*      William    Strong.      (Ill)      July    15. 
Overhead  Line  Maintenance  Trucks  of  the  Third  Avenue  System.*      James  D.  Kent. 

(17)      July  15. 
Inductance  of  Conductors  at  Close  Spacings.     Francis  B.  Silsbee.      (27)      July  15. 
Analysis  of   Moving   Picture   Theater  Lighting.*      L.   W.   McOmber.      (27)      July   15. 
Street  Lighting.*      Waldo  C.  Cole.      (Ill)      July  15. 
Selling  Service  to  Mines.*      Wightman  D.  Roberts.      (27)      July  22. 
Conditions  Under  Which  Oregon  Company  Burns  Wood.*      (27)      July  22. 
Economics    of    Group    System    of    Street    Lighting.*      Montague    Ferry    and    E.    M. 

Tompkins.      (27)      July  22. 
Examen  des  Metaux  par  les  Rayons  X*      H.   Pilon.      (93)      Nov.,   1915. 
L'Uniflcation  des  Isolateurs  de  Lignes  Aeriennes.*      (33)      Apr.  29. 
Elektrische   Kesselbereitschaft-Heizung.*      (107)      Apr.   8. 

Marine. 

Gyroscopic   Torque  Apparatus.*      E.  Rawson.      (12)      Apr.   21. 

Determining  the  Weight  of  Stone  in  Vessels.     A.  S.  Ackerman.      (109)      May. 

Oil-Engine  Driven  Steel  Barge  for  River  Freight  Traffic*      (13)      May  4. 

The  Lyningstrom  Turbine  and  Its  Application  to  Marine  Propulsion.*  Roland  S. 
Portham.  (Abstract  of  paper  read  before  the  Institution  of  Engrs.  and  Ship- 
builders in  Scotland.)       (26)      Serial  beginning  May  5. 

Westinghouse  Marine  Steam  Turbine.*      (47)      May  5. 

The  German  Battleship   Grosser  Kurfuerst*      (12)      May  12. 

French   Transatlantic   Quadruple   Screw   Steamship   Lafayette.      (11)      May    19. 

Modernizing  Mississippi  River  Transportation.*      (46)      May  20. 

The  Size  of  Naval  Guns,  Are  Twelve  14-Inch  or  Eight  17-Inch  Guns  to  be  Preferred? 
Richmond  K.  Turner.      (46)      May  20. 

How  Men  Work  in  the  Depths  of  the  Sea,  Facts  Relating  to  Diving  and  Diving  Ap- 
paratus.*     (From  the  Marine  Engineer  and  Naval  Architect.)      (19)      May   27. 

Lighterage.     Henry  L.  Joyce.      (65)      June. 

The  Brazilian  Submarine  Depot  Motor-Ship  Ceara.*      (11)      Serial  beginning  June  16. 

Some  Successes  and  Failures  of  Diesel   Ships.      T.   O.  Lisle.      (64)      June  27. 

United  States  Navy's  Repair  Ship  Prometheus.*      Frank  A.   Stanley.      (70)      July  6. 

Oil-Engined  Quadruple-Screw  Barge  on  the  Mississippi  River,  U.  S.  A.*  (11) 
July  7. 

The  Duilio:  How  Italy  Promotes  Her  South  American  Trade.*      (19)      July  8. 

Steel   Castings  as   Ship   Stabilizers.*      (20)      July   13. 

Operations  on  the   Sterling  Marine  Engine.*      E.  A.   Suverkrop.      (72)      July   13. 

Le  Ferry-Boat  Brise-Glace  Scotia  II  pour  le  Service  de  I'lle  du  Cap-Breton 
(Canada).*      P.  Calfas.      (33)      Feb.  12. 

Le  Cuirasse  de  I'Avenir  d'Apres  un  Projet  du  Colonel  Ferretti.*      (33)      Apr.  29. 

Le  Navire  de  Ligne  Insubmersible  d'Aprds  un  Projet  du  Major  Monticelli.*  (33) 
May  6. 

La  Bataille  Naval  du  Jutland,  I'Evolution  des  Marines  angiaise  et  allemande  avant 
la  Guerre.*      A.   Poidloue.      (33)      June   24. 

Mechanical. 

Compressed  Air  for  Coal-Cutters*     Sam  Mavor.      (106)      Vol.  50,  Pt.  4. 
Gas-Producers  at  Collieries  for  Obtaining  Power  and  Bye-Products  from  Unsaleable 
Fuel.     Mansfeldt  Henry  Mills.      (106)      Vol.  50,  Pt.  4. 

•  Illustrated. 
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Mechanical— ( Contln  ued ) . 

Economies    in    Coal    Washing.*      Sherwood    Hunter.      (Paper    read    before    the    Man- 
chester Geological  and  Min.  Soc.)       (106)      Vol.  51,  Pt.  2. 
The   Cause   and    Effect  of   "Ghost   Lines"    in    Large   Steel   Forgings.*      J.    0.    Arnold. 

(75)      Oct.-Dec,   1915. 
The    World's    Supplies    of    Fuel    and    Motive    Power.*     Dugald    Clerk.      (74)      Oct.- 
Dec,  1915. 
The   Theory   of  Grinding,   With   Reference   to   the   Selection   of   Speeds    in   Plain   and 

Internal   Works.*      James  J.  Guest.      (75)      Oct.-Dec,   1915. 
Struts   and   Tie-Rods   in    Motion.      H.    Mawson.      (75)      Oct.-Dec.    1915. 
Utilization  of  Iron  and  Steel  Works'   Slags.*      E.  C.   Brown.      (58)      Jan. 
Belt    Conveyors.*      A.    Robertson    and    A.    McArthur    Johnston.      (Paper    read    before 

the  South  African  Institution  of  Engrs.)       (57)   Apr.  20;    (16)   July  1. 
Coking,    the    Recovery    and    Working-Up    of     By-Products.*       Christopher     Barber. 

(Paper   read   before   the   Sheffield   Univ.    Gas   and    Coke   Oven    Students'    Assoc.) 

(22)      Serial  beginning  Apr.  21. 
Lubrication  in  Practice.     H.  W.  Petty.      (Paper  read  before  the  Assoc,  of  Engrs.  In 

Charge.)       (47)      Serial   beginning  Apr.    21. 
The    Installation    and    Erection    of    High-Speed    Machinery.      J.    A.    McLay.      (Paper 

read  before  the  Assoc,  of  Min.  Elec.  Engrs.)       (22)      Apr.  21. 
Electric  Welding  and  Brazing  Apparatus.*      (47)      Apr.   28. 

Fuel   for   Steam   Boilers.      William   Kent.      (Abstract  of  paper  read   before  the   Pan- 
American   Scientific   Congress.)      '(47)      Apr.   28. 
Steam    Safety    Valves.*      George    H.    Clark.      (55)      May. 

Automatic    Stucco    and    Plastering    Machine.*       Ludwig    Eisenkramer.      (115)      May. 
How  to  Use  Superheated  Steam.*      Charles  L.  Hubbard.      (9)      May. 
Smoke   and   Soot.*      James   Scott.      (21)      May. 

Features    of    Rolling   Mill   Reversing    Engines.*      W.    Trinks.      (116)      Serial    begin- 
ning May. 
Labor-Saving  Devices  in  the  Machine  Shop.*      Albert  A.  Dowd.      (9)      May. 
The  Utilization  of  By-Products  from  the  Manufacture  of  Coke.      C.  G.  Atwater.      (58) 

May. 
Economy  in  Use  of  Blast  Furnace  Carbon.     H.  P.  Howland.      (116)      May. 
Meeting  the  Demands  of  Fire  Brick  Users.*      Chas.   S.  Kinnison.      (116)      May. 
Manufacture    and    Characteristics    of    Wrought    Iron    Pipe.*       W.    A.    Phillis.      (83) 

May   1. 
Design   and   Operation   of  the   Bunsen   Gas   Burner.      G.   C.    Carnahan.      (Paper   read 

before  the  Illinois  Gas  Assoc.)      (83)      May  1. 
Status  of  American   By-Product  Coke.     Thomas  C.  Clarke.      (Paper  read   before  the 

Soc   of   Chemical    Industry.)      (20)      Serial   beginning   May   4;    (105)    May   1; 

(24)    June  12. 
Gas  Company  Accounts.     V.  V.  Smith.     (Paper  read  before  the  Indiana  Gas  Assoc.) 

(83)    May  1  ;    (24)    May  8. 
Manufacture    of    Sulphuric    Acid.*       Christopher    Barber.       (Paper    read    before    the 

Sheffield  Univ.  Gas  and  Coke-Oven  Students'  Assoc.)       (66)      May  2. 
The   Effect   of   Salts   on    the   Drying   Behavior    of    Some   Clays.*      Homer    F.    Staley. 

(Paper   read  before  the  Am.   Ceramic   Soc.)       (76)      May   2. 
The  Burning  of  Porcelain.     George  H.   Brown.      (Paper  read  before  the  New  Jersey 

Clayworkers'   Assoc.)       (76)      May   2. 
An  Extended  Surface  Boiler.*      (64)      May  2. 
Two  Five  Thousand  Ton  Coal  Storage  Equipments.      Henry  J.  Edsall.      (64)      May  2  ; 

(45)   July  1. 
Repairing  Split  and  Corroded  Pipe  with  an  Oxy-Acetylene  Welder.*      (86)      May   3. 
New  Bar  Mill  of  Notable  Flexibility.*      (20)      May  4. 

A   Plant   for   Conversion   from   Rifle   to   Locomotive   Building.*      (72)      May   4. 
Empirical    Formulas    for    the    Proportions    of    Lathes.*      A.    Lewis    Jenkins.      (72) 

May  4. 
Machine  Molding  in  a  Jobbing  Steel  Foundry.*      A.  J.  Abell.      (20)      May  4. 
On  Reduction  Gears.*      John  H.   Macalpine.      (11)      Serial   beginning  May   5. 
Horizontal   Boring,   Drilling,   and   Milling   Machinery.*      (11)      May   5. 
Build  Crushed  Stone  Plant  for  Tunnel  Muck.*      (14)      May  6. 
Wire  Rope  Lubrication.     George  R.  Rowland.      (45)      May  6;    (116)    June. 
The  Problem  of  Gasoline  Supply.*      (46)      May  6. 
Car  Dumpers  in  Water  Shipping.*      Scott  W.  Linn.      (45)      May  6. 
Hydrogen   for  Balloons.      E.   D.   Arderg.      (24)      May  8. 
Troubles  and  Care  of  Ammonia  Compressor  Valves.     A.  G.   Solomon.      (64)      Serial 

beginning   May   9. 
The  Sulphur  Impurity  of  Coal  Gas.     Frank  Clowes.     (Paper  read  before  the  Soc.  of 

Chemical   Industry.)       (66)      May  9. 
The   Effect   of   the  War  on   Gas-Works'   Practice.      Geoffrey  Weyman.      (Paper   read 

before  the  North  of  England  Gas  Managers'  Assoc.)       (66)      May  9. 
Standard   Fuel-Oil   Engine.*      (64)      May   9. 
Methods  Employed  in  Spanning  the  Treacherous  Brazos  River  with  Two  10-In.  Gas 

Mains.*      C.   R.    Sutton.      (86)      May    10. 

*  Illustrated. 
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Mechanical— (Continued) . 

Steel    in    Wrought-Iron    Pipe;    a    New   and    Quick    Etching    Test    for    Its    Detection.* 

(20)      May   11. 
Building    Single-Purpose   Lathes    in    a    Single-Purpose    Shop.*       Ethan    Viall.      (72) 

May   11. 
New  Expeditious  Method  of  Baking  Cores.*      (20)      May   11. 

Oil  Quenching  Improves  Solid  Nickel-Steel  Porgings.*     C.  J.  Yarnall.      (13)      May  11. 
The  Manufacture  of  Large  Forging  Ingots.*     Robert  C.  Woodward.      (20)      May  11. 
Excavator   for   Wide  Cuts.*      (13)      May    11. 
Caterpillar  Backfiller  for  Trench  Work.*      (13)      May  11. 
Gas-Heated  Melting  Furnaces.*      (11)      May   12. 

Electrical  Precipitation  of  Smoke  and  Dust.*     Halbert  P.  Hill.      (27)      May  13. 
Economic  Aspects  of  the  New  Anthracite  Sizes.      (45)      May   13. 
Super-Zeppelins.*      Ladislas   d'Orcy.      (46)      May   13. 
Aeroplane   Stability.      Orville   Wright.      (19)      May    13. 
Natural  Gas   in   Ohio.*      J.   A.   Bownocker.      (Paper   read   before  the   Cleveland   Eng. 

Soc.)       (83)      May    15. 
Natural  Gas  Development  in  Southern  California.*      J.   M.   Berkley.      (83)      May   15. 
General  Plan  of  the  Proposed  National  Gas  Safety  Code.      (83)      May  15. 
The    Yeadon    and    Guiseley    Gas    Company's    Undertaking ;    the   Old    and    New    Plant. 

J.    E.    Lister.       (Paper    read    before    the    Yorkshire    Junior    Gas    Assoc.)       (66) 

May   16. 
Cleaning   Condenser   Tubes.*      C.   F.    Hlrshfeld.      (64)      May    16. 
Analysis  of  Boiler  Explosion  at  West  River,  N.  B.*      (64)      May  16. 
The  Arrangement  and  Requirements  of  Elevators  in  Office  Buildings.      Cecil  F.  Baker. 

(From  the  Architectui-al  Record.)       (86)      May   17. 
Manufacture   of   Cartridge    Brass.*      C.    R.    Barton.      (72)      May    18. 
Interpretation   of  Coal   Analysis.      E.   G.   Bailey.      (Paper   read   before  the   Inter.   Ry. 

Fuel  Assoc.)       (15)   May  19;    (25)   June. 
Proper  Care  of  Cranes  and  Hoists.     H.  A.  Shultz.      (Paper  read  before  the  Industrial 

Welfare  and  Efficiency  Conference.)       (47)      May   19. 
A    Study    Concerning   the    Best   Proportion    for   a    Stream-Line    Body.*      F.    W.    Lan- 

chester.      (11)      May    19. 
Thorium,   How  It  Is  Extracted  for  Making  Gas  Mantles.      Thurston   Owens.      (From 

the    Chemical    Engineer.)      (19)      May    20. 
A  Comparison  of  Modern  Coal  Carbonization   Plants.*      Vernon  Baker.      (Paper  read 

before  the  Indiana  Gas  Assoc.)       (24)    May  22  ;    (83)   May  1. 
Gas  Lighting  and  Hygiene.     Robert  Ffrench  Pierce.      (24)      May  22. 
Symposium   on   Welding   as   Applied   to   Boilers.      (64)      May   23. 
Oil    Washing    for    the    Absorption    of    Tolnol    and    Benjol.*      Thomas    Glover.      (66) 

May   23. 
General    Electric    Oil    Engines    for    United    States    Government.*      Alfred    D.    Blake. 

(64)      May  23. 
Proportioning  Cylinder  Ratio  in  Compound  Engines.*     R.  L.  Wales.      (64)      May  23. 
Coal   More  Economical  Than  Oil.      James  Ross.      (64)      May  23. 
Special    Machines   for    Drilling  and   Milling   Fuse   Parts.*      (72)      May    25. 
Application  of  Cranes  in  the  Foundry.*     T.  Everett  Austin.      (Paper  read  before  the 

Newark  Foundrymen's  Assoc.)       (20)      May  25. 
An  Improved  Design  in  Coke  Ovens.*      (20)      May  25. 

Rational   Design  of  Foundation   Anchor  Plates.*      Terrell   Croft.      (72)      May   25. 
New  Coke  Ovens  at  Port  Clarence  Works.*      (22)      May  26. 
Coal  Distribution  Record  System.*      J.  G.  Crawford.      (Paper  read  before  the   Inter. 

Ry.  Fuel  Assoc.)       (15)    May  26;   (18)   May  20. 
The  Steam  Boiler  of  1915.*      Arthur  D.   Pratt.      (Abstract  of  paper  read  before  the 

Inter.  Eng.   Congress.)       (47)      Serial  beginning  May  26. 
Ash,  Clinker  and  Dust  Separators.*     M.   Buhle.      (Prom  Gliickauf.)       (57)      May  26. 
Coal    Transfer   and    Preparation    Plant   of   the   East    Broad   Top   R.    R.    &    Coal    Co.* 

(18)      May    27. 
Steam  Power  for  Aeroplanes.     James  G.  Dudley.      (19)      May  27. 
Rust  Deposits  in  Gas  Mains  and  Services.     A.  F.  Kersting.      (Paper  read  before  the 

Southern   Gas  Assoc.)       (24)      May   29. 
Supplement  to  Paper  on  Rust  Deposits.     J.  W.  Lansley.      (24)      May  29. 
Mechanical  Soot  Blowers.     P.  V.  Stephens.      (Abstract.)       (64)      May  30. 
Silica    and    Fireclay    Materials.*      John    West.       (Paper   read    before   the   Manchester 

District  Institution  of  Gas  Engrs.)       (66)      May  30;    (22)    June  16. 
Cost  of  Coal  and  Oil  as  Fuel.     Perry  Barker.      (64)      May  30. 
Gearless  Traction  Elevators.'*      (64)      May  30. 
Economical  Load  on  Boilers.*      Haylett  O'Neill.      (64)      May  30. 
Increasing  Thermal    Efficiency   of   Automobile   Engines.*      C.      E.    Sargent.      (Paper 

read  before  the  Soc.   of  Automobile   Engrs.)       (64)      May   30. 
Handling  Coal  and  Ashes  at  Northwest  Station.*      Thomas  Wilson.      (64)      May  30. 
Cost    Determinations    of    22-In.     Steel    Pipe    Manufacture.      H.    A.    Whitney.      (86) 

May   31. 
Report    Upon    Efficiency    Tests    of    a    30  000-Kw.    Cross-Compound    Steam    Turbine.* 

H.  G.   Stott  and  W.   S.   Finlay,  Jr.      <55)      June. 

•  Illustrated. 
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Mechanical— (Continued). 

Advaiuonient  in   Underground  Ore  Lading.*     M.  E.  Richards.      (116)      June. 

Roflning  Vegetable  and  Animal  Oils.      Charles  Baskerville.      (3)      June. 

A  Steam  Flow  Meter.*      (25)      June. 

A  Modern   Hydrated  Lime  Plant.*     Richard  K.  Meade.      (67)      June. 

Steel  Production  at  New  Minnesota  Plant.*      Charles  C.  Lynde.      (116)      June. 

The   Economics   of   Material    Handling   in    Manufacturing   Plants.*      Reginald    Traut- 

schold.      (9)      Serial  beginning  June. 
By-Products  Recovery   in  Coke  Production.      W.  H.   Childs.      (Paper  read  before  the 

Am.  Iron  and  Steel  Inst.)       (116)      June. 
Two   Welded  Gas   Mains   Laid   under   Brazos   River.*      (13)      June   1. 
Automatic  Manufacturing  Miller  with  Receding  Table.*      (72)      June  1. 
A  Combination  Boiler  Meter.*      (105)      June  1. 
Originality  in  a  Hartford  Machine  Works.*      (20)      June  1. 
Gasoline  from  Natural   Gas  by  Absorption   Methods.      G.   A.  Burrell,   P.   M.   Biddison 

and  G.   G.  Oberfell.      (Paper  read  before  the  Natural  Gas  Assoc.)       (83)      June 

1  ;    (105)   June  1. 
Drop    Forging    the    Russian    Cruciform    Bayonet.*      John    H.    Van    Deventer.      (72) 

June   1. 
North   Carolina  has   3  800-   and   4  200-Ft.   Cableways.*      (13)      June   1. 
Electric    Welding    in    Boiler   Repairs.      Frank    McManamy.      (Paper    read    before    the 

Boiler  Makers'  Assoc.)       (IS)      June  2. 
The   Casting  of   Non-Ferrous   Metals   in   Chill   Moulds.*      F.    Johnson.      (Abstract   of 

paper  read  before  the  British  Foundrymen's  Assoc.)       (47)      June  2. 
Coal  and  Shipping.*      F.   J.   Warden-Stevens.      (57)      Serial  beginning  June  2. 
Plain   Facts  About  Kerosene  Carburetors.*      Victor  W.  Page.      (46)      June  3. 
Operating   Cost   Records   Show   Comparative   Economy,  of    65    Motor   Vehicles    in    Los 

Angeles  Water  Department.*      Burt  A.   Heinly.      (14)      June  3. 
Pumping    Costs    with    Diesel    Engines    Given    in    Detail.*      H.    W.    Gochnauer.      (14) 

June  3. 
Handling   Retail   Coal    in   a   Concrete   Cylinder   Plant.*      Charles    H.    Higgins.      (45) 

June   3. 
Utilization  of  Gas  Oil.*     R.  C.  Downing.      (Paper  read  before  the  Illinois  Gas  Assoc.) 

(24)      Serial  beginning  June  5. 
Performance    of    Uuiflow    Engine    and    Turbine    Compared.*      L.    A.    Quayle.      (64) 

June  6. 
The  Exhaust  Steam  Turbine.*     J.  Breslav.      (64)      June  6. 
Foieign  Gases   in  Refrigeration.      H.   J.  Macintire.      (64)      June   6. 
The  Bailey  Boiler  Meter.*      (64)      June  6. 
The    Application    of    Coal    Gas    to    the    Purpose    of    Illumination.      William    Thomas 

Brande.      (From    the    European    Magazine,    May,    1816).      (66)      June    6. 
How    Do    You    Buy    Coal?      Carleton    H.    Hubbard.       (Paper    read    before    the    New 

Jersey  Clay  Workers'  Assoc.)       (76)      June  6. 
Some   Notes   on   Fuel   Economy.      John   W.   Lee.      (Paper   read   before   the   Yorkshire 

Junior   Gas   Assoc.)       (66)      June   6;      (22)      June   23. 
Impure   Boiler  Waters.      William   N.   Berkeley.      (64)      June   6. 
Lubricating    Oils    and    Cutting    Compounds    for    Shop    Use.      W.    Rockwood    Conover. 

(72)      June  8. 
Manufacture  of  Motor  Truck  Worm  Drives.*     F.  L.  Prentiss.      (20)      June  8. 
Measuring  Locomotive  Coal.*      (13)      June  8. 
A  Steel  Freight  Container.*      (15)      June  9. 
The  Automobile  and  the  City  Plan.     Nelson  P.  Lewis.     (Abstract  of  paper  read  before 

the   National  Conference  on   City   Planning.)       (14)      June   10. 
The  Manufacture  and  Use  of  High  Speed  Steel.     Henry  D.  Hibbard.      (Abstract  from 

bulletin  of  the  U.  S.  Bureau  of  Mines.)       (18)   June  10;    (47)   July  7. 
Testing  Safety  Valves  at  the  Naval  Engineering  Experiment  Station.*      J.   L.  Kauff- 

man.      (64)      June  13. 
Diagram  for  Computing  Flow  of  Steam  in  Pipes.*     Howard  Harding.      (64)      June  13. 
Bayer  Soot-Blower  System.*      (64)      June  13. 

Calculating  the  Quantity  of  Ammonia  Needed   (in  Refrigeration).     Charles  H.  Brom- 
ley.     (64)      June   13. 
Report   of   the   Refractory   Materials   Research   Committee   of   the   Institution   of   Gas 

Engineers.      (66)      June    13. 
Practical  Tests  of  Steam-Flow  and  Water  Meters.     E.  G.  Bailey.      (Paper  read  before 

the  National  District  Heating  Assoc.)       (64)      June  13. 
Report  of  Life  of  Gas-Meters  Research  Committee  of  the  Institution  of  Gas  Engineers. 

(66)      June   13. 
The  Action  of  Air  in  Surface  Condensers.*     Paul  A.  Bancel.      (64)      June  13. 
Report  of  Station  Operating  Committee  of  the  National  District  Heating  Association 

on  Boiler  Operation.*      (64)      June  13. 
The   Plant   Crew   Reduces   Ash-Handling   Costs.*      A.   A.   Norrman.      (64)      June   13. 
Tractor  with  Ball  Bearings  in  Endless  Tread.*      (13)      June  15. 
Making  Piston  Rings  with  Grinders  for  the  Major  Operations.*      Ethan  Viall.      (72) 

Welding   of   joints   in   Gas   Main   Construction.      F.    L.    Hadley.      (Paper   read   before 
the  Natural  Gas  Assoc.)       (83)      June   15. 


•  Illustrated. 
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Electric    Telpher    Lines    in    Smaller    Gas    Works.*      (Tr.    from    Journal    fiir    Gas- 

beleuchttnif/.)       (83)      June  15. 
The    Factory    transportation    of    Product    and    Materials.      W.    Rockwood    Conover. 

(72)      Juno   15. 
Drop  Forging  Discussed  at  Philadelphia.     Am.  Drop  Forging  Assoc.      (20)      June  15. 
Traveling  Tower  Cantilever  Crane  for  Yard  Service.*      (13)      June   15. 
Determining   the   Capacity   of   Compressors.*      Paul    Diserens.      (20)      June    15. 
Coke  as  a  Reducing  Agent  in  the  Electric  Smelting  Furnace.     R.  C.  Gosrow.      (105) 

June  15. 
Manganese  Steel  Welding.*      P.  A.  E.  Armstrong.      (17)      June  17. 
Regulation    of    Weight,    Size   and    Speed    of   Vehicles    has    Become    an    All-Important 

Problem.*      H.    C.    Hutchins.      (14)      June    17. 
Testing  and  Filtering  of  Transformer  Oil.     E.  P.  Peck.      (27)      June  17. 
Substitutes  for  Coal   in  the  Andes.*      Benjamin   L.   Miller  and  Joseph  T.   Singewald, 

Jr.       (45)      June    17. 
Operating  Costs  for  Several   Diesel  Engine  Installations.*      (27)      June  17. 
Mastery  of  the  Air  vs.  Control  of  the  Sea.*      Ladislas  d'Orcy.      (46)      June  17. 
Purchasing  Coal  by  Test.      W.   D.   Stuckenberg.      (Abstract  of  paper  read  before  the 

Missouri    Public    Utilities   Assoc.)       (64)      June    20. 
Margin  of  Power  in   Internal  Combustion   Engines.     R.   E.  Mathot.      (64)      June  20. 
Burning  No.  3  Buckwheat  Coal  on  a  Coxe  Stoker.     B.  B.  Hood.      (64)      June  20. 
Horizontal  and  Vertical  Baffling.*      S.  H.  Viall.      (64)      June  20. 
Coal  Tar  and  Ammonia.*      Thomas  Gray.      (Paper  read  before  the  Waverley  Assoc. 

of  Gas  Managers.)       (66)      June  20. 
A  Notable  Machine  Shop  of  Moderate  Size.*      W.  E.  Freeland.      (20)      June  22. 
Building   Interchangeable-Part   Lathes.*      O.   J.   Abell.      (20)      June   22. 
Large  Wheel-Type  Excavator.*      (13)      June  22. 
Hobbing    High    Prime-Number    Spurgears    Without    Special    Mechanism.*       Will    O. 

Wynne.      (11)      June    23. 
New    Coking    and    By-Product    Plant    at    Thrishington    Colliery,     Durham.*       (22) 

June   23. 
The  Bettington  Boiler.*      (From  Journal  of  the  South  African  Institution  of  Engrs.) 

(57)      June  23. 
Boiler  Explosion  at  Spalding.      (11)      June  23. 

Boiler   House   Design   and   Operation.      W.   W.   Lackie.      (Paper   read   before  the    In- 
corporated Municipal  Elec.  Assoc.)      (73)      June  23;      (26)      June  30. 
The  Wire  Rope  and  the  Coal  Mine.*      James  Steelman.      (45)      June  24. 
The  Effect  of  Dissolved  Salts  in  Feed  Water.      John  B.  C.  Kershaw.      (64)      June  27. 
Engine-Room   Lubrication.      George   A.   Townsend.      (64)      June    27. 
The  Carbonization  of  Pitch.      B.  W.  Smith.      (Paper  read  before  the  Midland  Junior 

Gas  Assoc.)       (66)      June  27. 
Operating    the    Carbon- Dioxide    Refrigerating    Machine.*      P.    T.    Flenniken.      (64) 

June  27. 
Refrigeration  Plant  Regulations,  New  York  and  Detroit.*      (64)      June  27. 
Roll   Pressures  in   Cold-Rolling  Steel.*      William  K.   Shepard  and   George  C.   Gerner. 

(72)      June   29. 
Steel   Scrap   in   Various   Foundry   Mixtures.*      G.   S.    Evans.      (20)      June   29. 
Cable  Tramways  Used  on  Construction  Work.*      (13)      June  29. 
Malleable  Iron,  Its  Characteristics,   Uses  and  Abuses.      Enrique  Touceda.      (Abstract 

of  paper  read  before  the  Pittsburgh  Ry.  Club.)       (47)      June  30. 
Internal-Combustion-Driven    Electrical    Sets.      W.    A.    Tookey.       (Paper    read    before 

the  Assoc,  of   Supervising  Electricians.)       (47)      June  30. 
The  Production   and   Use  of  Power  and   Its  Relation   to   Fuel   Economy.      G.    Stanley 

Cooper.      (22)      Serial    beginning   June    30. 
Some  Boiler  Problems  and  Their  Solutions.      B.  Thompson.      (Paper  read  before  the 

Stoke-on-Trent   Engrs.'    Assoc.)       (47)      Serial    beginning    June   30. 
A  Novel  Method  of  Handling  Boilers  to  Prevent  Corrosion  and  Scale.     Allen  H.  Bab- 
cock.      (55)      July. 
Recovery  of  Potash  at  the  Security  Cement  Plant*      (67)      July. 
Capacity  and  Economy  of  Multiple  Evaporators.*     E.  W.  Kerr.      (55)      July. 
Machinery   for    Package   Freight   Handling.*      R.   H.    Rogers.      (From    General   Elec- 
tric Review.)       (108)      July. 
Steam    Lubrication   of   Construction   Machinery.*      S.   E.    Lawrence.      (100)      July. 
Heat  Treatment  for  Drop  Forged   Steels.     W.  C.  Peterson.      (Paper  read  before  the 

Drop  Forge  Assoc.)       (62)      July. 
Scale    Removal    from    Drop    Forged    Parts.     W.    C.    Lytle.      (Paper    read    before    the 

Am.  Drop  Forge  Assoc.)       (62)      July. 
How  to  Use  the   Oxy-Acetylene   Process.      Henry   Cave.     '(9)      July. 
Electric  Arc   for  Welding  Tool   Steel   Tips.*      C.   B.   Auel.      (62)      July. 
Dynamical    Stability   of   Aeroplanes.      Jerome   C.   Hunsaker.       (From   Proceedings    of 

the    National   Academy   of   Sciences.)       (19)      July    1. 
The  Field  for  New  Achievements  in  the  Motor  Vehicle  Industry.     Marins  C    Krarup 

(46)      July    1. 
The   Preparation    of    Bituminous    Coal.*      Andrews    Allen.       (Paper    read    before    the 

Kentucky  Min.  Inst.)       (45)      July  1. 

*  Illustrated. 
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Mechanical— (Continued). 

A  Xt-w  Portable  Coke  Loader.*     L.  R.  W.  Allison.      (45)      July  1. 

Belt   and    Bucket   Elevators.*      Arthur   O.   Gate.s.      (16)      July.  1. 

A  New  Design  of  By-Product  Gas  Oven.*     William  Feicks.      (83)      July  1. 

Stopping  the  Waste  of  a  Scove  Kiln.*      (76)      July  4. 

The   Path    to    Success    in    Operating    a    Continuous    Coal-Fired    Tunnel    Kiln.      A.    F. 

Greaves- Walker.      (76)      Serial   beginning   July   4. 
Thermal  Problems  for  Gas  Engines.     Norton  H.  Humphrys.      (66)      Serial  beginning 

July  4. 
The   Pyrometer   a   Cost-Cutting   Agent.      C.    O.   Arbogust   and    L.    J.    Sheridan.      (76) 

Serial  beginning  July  4. 
Aerial  Tramway  as  Substitute  for  a  Bridge.*      (13)      July  6. 
Half-Hour  Performances  of  4-Wheel  Scrapers.      (13)      July  6. 
Dispatch   System  of  Norton  Grinding  Company.*      (20)      July   6. 
Influence  of  Viscosity  in   Pumping  Crude  Oil.      Arthur  L.   Collins.      (13)      July  6. 
Steel    Storage   in   a   Hartford   Factory.*      (20)      July   6. 
Aerial  Ropeway   at   Niagara   Falls.*      (12)      July   7. 

The  Production  of  Smokeless  Fuel,  Gas.  Oil  and  Ammonia.*      (22)      July  7. 
Paraffin   for   Petrol   Engines.*       (12)      July   7. 
Heat   Transmission    Through    Boiler   Tubes.*      (From    Technical   Paper   llli,    Bureau 

of   Mines.)       (12)      July   7. 
The  Steam  Flow  Into  a  Compound   Steam-Turbine.      (11)      July  7. 
The  Miracle  of  Motor  Transport.*      Joseph  Brinker.      (46)      July   8. 
High   Turbine   Economy   at   Poor   Load   Factors.*      (27)      July   8. 
Massachusetts  Gas  Commission   Considers  Calorific   Standard.      (24)      July   10. 
Introduction  of  Electromagnetic  Separators  Marked  Increase  in  Quality  and  Quantity 

of    Monaziie    Output    (for    Gas    Mantles).*      Reginald    Gordon.      (24)      July    10. 
Purchase  and  Inspection  of  Leather  Belting.      (72)      July  13;    (16)   July  1. 
Anchor-Bolt  Holes   Drilled   by   Gasoline-Air   Outfit.*      H.    L.    Hicks.      (13)      July    13. 
Chicago   Station  has  45  000-H.p.   Steam  Turbine.*      (13)      July   13. 
Building  Up   Industrial   Fuel   Business.      S.   TuUy   WiHson.      (Paper   read   before  the 

Southern  Gas  Assoc.)      (83)      July  15. 
General   Principles  of  Workroom   Lighting.      A.   L.   Powell.      (Paper  read  before   the 

Am.   School   Hygiene   Assoc.)       (83)      July   15. 
Restoration    of    Gas    Mains    Over    Rapid    Transit    Tunnels.*      J.    E.    Worsley.      (83) 

Serial   beginning   July   15. 
Description   of   Pintsch-Bolz   Vertical    Producers.*      W.    Schweizer.      (From   Journal 

filr  Gasbeleuchtung.)       (83)      July  15. 
The  Merits  of  Oil  and  Grease  Lubrication.     W.   J.  Fouhy.      (82)      July  15. 
Temporary  Pipes  Along  Curb  and  on  Trestles  Over  Street  Carry  Good  Part  of  New 

York    City's    Gas    Supply    During    Subway    Construction.*      C.    N.    Green.      (24) 

July   17. 
A  Method  of  Cutting  Cams.*     F.  P.  Ampudia.      (72)      July  20. 

Some  Foundry  Practice  in  a  Connecticut  Plant.*     Frank  A.  Stanley.      (72)      July  20. 
Powdered   Coal    Burning.*      (20)      July    20. 
Jigs   and   Tools   Used    in   Making   Pipe   and    Other   Wrenches.*      Ethan    Viall.      (72) 

July  20. 
A  Machine  Shop  with  Notable  Features.*      (20)      July  20. 
Uniflow  Engine  for  Rod  Mill.*      O.  J.  Abell.      (20)      July  20. 
Arrangement    and    Maintenance    of    Machine    Tools.      W.    Rockwood    Conover.      (72) 

July   20. 
Recording    the    Performance    of    Large    Boiler    Units.       Gilbert    Rutherford.      (27) 

July   22. 
La    Manutention    Mecanique    des    Combustibles    dans    les    Depots    de    la    Compagnie 

d'Orleans.*      L.   de  Boysson.      (ii)      Apr.  22. 
Fabrique  de  Ciment  et  de  Chaux  Hydraulique  a  Casablanca  (Maroc).*      Ch.  Dantin. 

(ii)      Apr.    29. 
L'Emploi   du   Charbon  Pulverise   pour   le   Chauffage   des   Fours   Siderurgiques.*      Ch. 

Dantin.      (5i)      June   10. 

Metallurgical. 

Addendum    on    Alloys    of    Iron    and    Molybdenum.*     Sir    Robert    A.    Hadfleld.      (75) 

Oct.-Dec,   1915. 
The  Chemical   and  Mechanical  Relations  of  Iron,   Molybdenum,   and   Carbon.*      J.   O. 

Arnold  and  A.  A.  Read.      (75)      Oct.-Dec,   1915. 
The  Zinc  Smelter  of  To-day.      F.  E.  Pierce.      (58)      Feb. 

Rustless   Ferro-Alloys.*      Leslie   Aitchison.      (12)      Serial   beginning   Apr.    21. 
A  Pre-Heated  Blast  Cupola.      J.  A.  Parsons.      (Paper  read  before  the  South  African 

Institution  of  Engrs.)       (47)      Apr.  28. 
Cyanidation  at  the  Comacaran  Mine,   Salvador.*      A.  B.  Peckham.      (103)      Apr.   29. 
Flotation   Practice  in  Missouri.      L.  A.  Delano.      (103)      Apr.   29. 
Working  Data  on  Electrolytic  Precipitation.*      P.  H.   Crawford.      (103)      Apr.   29. 
Recent  Progress  in  Flotation.      Robert  J.  Anderson.      (3)      May. 
Review    of   Recent   Progress    in    Electrolytic    Iron.     Oliver   W.    Storey.      (Paper    read 

before  the  Am.  Electrochemical  Soc.)       (105)      May  1;      (47)      June  23. 

♦  Illustrated. 
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Metallurgical— (Continued). 

Cost   Accounting   in   the   Construction    and   Operation    of   a    Copper    Smelter.      Ernest 

Edgar  Thum.      (105)      Serial  beginning  May   1. 
Electric    Furnace    Products.      F.    J.    Tone.      (Paper    read    before    the    Am.    Electro- 
chemical Soc.)      (105)      May  1. 
The   Calculation   of  the    Burden   of   the   Blast   Furnace.      J.    E.    Johnson,    Jr.      (105) 

May   1. 
Simple   Tungsten    Steel.     Henry    D.    Hubbard.      (Bulletin,    U.    S.    Bureau    of    Mines.) 

(47)      May    5. 
Perro-Concrete  Bunkers   at  the  Brym.bo   Works,   Wrexham.*      F.   C.   Coleman.      (57) 

May  5. 
The  Double  Roa.sting  Process  at  East  Helena.     X.      (103)      May  6. 
Chloridiziug    and    Leaching '  Plant   of   Virginia    Smelting   Co.*      F.    A.    Eustis.      (16) 

May  6. 
Quicksilver   Reduction.      Herbert   Lang.      (103)      May   13. 
Fine  Grinding:  Stamps  and  Ball-Mills.      Henry  Hanson.      (103)      May  13. 
How  Flotation  Works.*      G.  D.  Van  Arsdale.      (16)      May  13. 
Soap  as   a   Frothing  Agent   in   Flotation.      M.   H.   Thronberry.      (103)      May   13. 
Some    Faults   of   the    Small    Electric    Arc    Furnace    for    Melting    and    Refining    Steel. 

W.    M.   McKnight.      (Paper   read   before  the  Am.    Electrochemical    Soc.)       (Ill) 

May  13;    (82)      May   20. 
Electrolysis   of   Alkaline   Solutions   of    Potassium    Sulphocyanate.      Walton    J.    Crook, 

L.  E.  Booth  and  Arthur  Thiel.      (105)      May  15. 
Flotation  and  Cyanidation.      (105)      May  15. 

Blast  Furnace  Operation.      J.  E.  Johnson,  Jr.      (105)      May  15. 
Bethlehem's  New  Electric  Steel  Plant.*      (20)      May  18. 

Direct.  Drive   for   Flotation    Machines.*      Girard    B.    Rosenblatt.      (82)      May    20. 
Breaking  Down   Froth   in   Flotation   Work.*      (82)      May   20. 
Effect   of   Black    Slate  on    Cyanidation.      H.    Fischer.      (103)      May    20. 
Mechanical     Feeding    as     Applied    to    Silver-Lead     Blast    FHirnaces.*      L.     Douglass 

Anderson.      (16)      May    20. 
The  New  Bag-House  at  the  Midvale  Smelters.*      L.   S.  Austin.      (103)      May   20. 
Vicosity    of    Furnace    Slags.*      (20)      May    25;    (116)      June. 
Tin  Smelting  at  Perth  Amboy,  N.  J.*      Richard  H.  Vail.      (16)      May  27. 
The  Dry  Chlorination  of  Complex  Ores.*      S.  A.   lonides.      (103)      May   27. 
The    Roitsheim-Remy    Continuous    Zinc    Distillation    Process.*      M.    Liebig.      (Tr.    by 

Oliver  C.  Ralston  from  Metall  unci  Erz.)       (105)      June   1. 
The   Distribution    of    Silver    Between    Metallic    Lead    and    Litharge-Containing    Slags. 

Boyd  Dudley,   Jr.      (105)      Serial  beginning  June  1. 
The  Electric  Furnace  in  Steel  Manufacture.      John  A.  Mathews.      (Paper  read  before 

the  Am.  Iron  and  Steel  Inst.)       (20)  June  1  ;  (22)  June  23  ;  (47)  June  23  ;  (116) 

June. 
The   Distribution   of   the   Charge  Column   and   of  the   Ascending  Gas   Columns    (in   a 

Blast  Furnace).      J.   E.   Johnson,   Jr.      (105)      June   1. 
Distribution  of  Raw  Materials  in  the  Blast  Furnace.*      George  W.  Vreeland.      (Paper 

read  before  the  Am.  Iron  and  Steel  Inst.)       (20)    June  1;    (116)    June. 
Controlling  Piping  and  Segregation  in  Steel  Ingots.      Henry  M.  Howe.      (Paper  read 

before  the  Am.   Iron   and   Steel   Inst.)       (47)      June   2. 
Variable    Factors    in    Malleable    Iron    Production.*      L.    E.    Gilmore.      (Paper    read 

before  the   Am.   Foundrymen's  Assoc.)       (47)      June   2. 
The  Flotation  Process  at  Goldfleld,  Nevada.      A.  H.  Martin.      (82)      June  3. 
Roasting    and    Acid-Making    at    Braden,    Chile.*      (Abstract    from    Teniente    Topics.) 

(103)      June  3. 
The  Economical   Use  of  Blast  Furnace  Gas.*      (20)      June  8. 
The  Roasting  of  Blende.      Maurice  de  Lummen.      (From  the  Chemical  Trade  Journal.) 

(16)      June   10. 
The   Cerro   de   Pasco    District,    Peru.*      Joseph    T.    Singewald,    Jr.    and    Benjamin    Le 

Roy  Miller.      (16)      June  10. 
The  Sherardizing  Process.      Oliver  W.  Storey.      (105)      June  15. 
A    New   Dry   Amalgamator.*      Leroy   A.    Palmer.      (105)      June    15. 
Flotation  Oils.      O.  C.   Ralston.      (105)    June  15;    (103)    June  10;    (82)    June   10. 
Extraction   of   Gold   and    Silver   from   Matte   by    Lead.     W.    Mostowitsch.      (Tr.    from 

Journal   of   the  Russian    Metallurgical    Soc.)       (105)      June   15. 
Flotation    Versus    Cyanidation.     Jackson    A.    Pearce.      (105)      June    15. 
Electric    Furnace    Melting   of    Ferro-Alloys.      R.    S.    Wile.      (Abstract   of    paper    read 

before    the    Am.    Electrochemical    Soc.)       (73)      June    16. 
Milling    and    Smelting   at    Humboldt,    Arizona.*      W.    A.    Scott.      (82)      June    17. 
Flotation    Process    at    the    Standard    Mill,    Silverton,    B.    C*      James    G.    Parmalee. 

(82)      June   17. 
Brittle  Annealed   Copper.     W.    E.   Ruder.      (Abstract   of   paper   read   before   the  Am. 

Electrochemical    Soc.)       (47)      June  23. 
The   King   Process   of    Refining   Copper.*      (82)      June   24. 

Mill   Equipment  of   the  Engels   Copper  Mining  Co.*      W.    A.   Scott.      (82)      June  24. 
Malleable   Iron,  Its  CharaLteristics,  Uses  and  Abuses.      Enrique  Touceda.      (Abstract 

of   paper   read   before   the   Pittsburgh   Ry.   Club.)       (47)      June   30. 

*  Illustrated. 
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Metallurg^ical— (Continued). 

What   Is   Heat   Treated   Steel?     Lawford   H.    Fry.      (25)      July. 

Modern    Blast    Furnace   Erected    in    85    Days    for    Cambria    Steel    Company.*      (116) 

July;    (20)    June. 
How    Tuveres    Indicate    Furnace    Conditions    (in    Metallurgy).*      Wallace    G.    ImhofE. 

(116)      July. 
Service  Data  on  the  Brown  Furnace  Top.*      K.  L.  Landgrebe.      (116)      Serial  begin- 
ning  July. 
Some    Problems    in    Physical    Metallurgy    at    the    Bureau    of    Standards.     George    K. 

Burgess.      (3)      July. 
The   Aladdin    Story    of   Aluminum.*      James    Preston    Porter.      (108)      July. 
Use   of   Oils    in    Flotation.     Herbert   A.    Megraw.      (16)      July    1. 
Froths   Formed   by   Flotation   Oils.*      William  A.   Mueller.      (16)      July   1. 
Flotation   of   Flour   Gold.*      Ralph   W.    Smith.      (16)    July    1. 
Bunker   Hill   and   Sullivan   Milling  Data.*      R.    S.    Handy.      (16)      July   1. 
The    Theory   of   Flotation.*      H.    Hardy    Smith.      (103)      July    1. 
Crushing    and    Grinding    Machinery.      (16)      July    1. 
Operations   of   the   Magma   Copper   Co.    at    Superior,    Arizona.*      W.    A.    Scott.      (82) 

July  1. 
The  Patio  Process.      (16)      July  1. 
Successful    Dry    Placer    Operations    at    Plomosa,    Arizona.*     William    L.    Plummer. 

(82)      July   1. 
Specific  Gravity  Method  for  Tungsten   Analysis.*      J.   J.  Runner.      (103)      July   1. 
Choosing   the    Mill    Site.*      Edward    S.    Wiard.      (16)      July    ].. 
The    Electro-Thermic    Smelting    of    Iron    Ores    in    Scandinavia.*      Alfred    Stansfleld. 

(From  Report  to  the  Dept.  of  Mines  of  Canada.)       (12)      July  7. 
Determination    of    Antimony.     Harai    R.    Layng.      (103)      July    8. 
Drilling   and   Analysis   of   Copper  Ores.*      A.    J.    Sale.      (16)      July   8. 
ChemiLitry  and   Metallurgy  of  Tungsten.      M.   L.   Hartman.      (82)      July  8. 
Crystallization   in   Cold-Worked  Steel.*      Ralph  H.   Sherry.      (Abstract  of  paper  read 

before  the  See.  of  Automobile  Engrs.)       (20)      July  13. 
The    Metallurgy    of    the    Rarer    Metals.     J.    W.    Richards.      (Paper    read    before    the 

Am.    Inst,    of    Chemical    Engrs.)       (82)      July    15. 
Plant   Construction  of  the   New   Cornelia   Copper   Co.,    Arizona.     W.   A.    Scott.      (82) 

July   15. 
Discrepancies   in   Cyanidation.     Edmund   Shaw.      (103)      July   15. 
A  Continuous  Ore  Sintering  Machine.*     P.  O.  Harding.     (20)      July  20. 
Operating  a  Small  Copper  Blast  Furnace.*      A.  Bregman.      (16)      July  22. 
L'Ecrouissage    du    Cuivre.     Leon    Guillet.      (93)      Sept.,    1915. 
Recherches  Concernant  la  Constitution  des  Lingots  d'Acier  Coule.*      D.  K.  Tchernoff. 

(93)      Oct.,  1915. 
Contribution   a   I'Etude  du   Procede  Bessemer.      D.   K.   Tchernoff.      (93)      Oct.,    1915. 
Sur  robtention  Directe  de  Feret  d'Acier  Pondu  au  Haut  Fourneau.     D.  K.  Tchernoff. 

(93)      Oct.,   1915. 
Sur    la    Structure    des    Alliages    Cuivre-Zinc    et    Cuivre-Etain.*      Witold    Bronie-wski. 

(93)      Nov.,   1915. 
Le    Decapage    au    Bisulfate    de    Sonde.*      H.     Le    Chatelier    et    B.    Bogitch.      (93) 

Nov.,    1915. 
Ueber     die    Verwendung     von     Rohkohle    im     Hochofenbetrieb.*      Fr.     Lange.      (50) 

April   20. 

Military. 

Manufacturing  British   8-In.   Shells  in  4%   Hours.*      Fred  H.   Colvin.      (72)      Serial 

beginning  May  4. 
A   New   Shell-Stamping   Machine.*      (12)      May   19. 

The   Military  Rifle.*      Douglas   T.    Hamilton.      (From   Machinery.)       (19)      May    20. 
Special    Shell    Equipment.*      (72)      June   1. 

Making  3-In.  Russian   Shrapnel   in  a  Pump   Shop.*      Ethan  Viall.      (72)      June  1. 
Making   1-Lb.   Cartridge   Cases.*      Robert   Mawson.      (72)      Serial  beginning   June   8. 
Making   Shells   with   Regular   Shop   Equipment.*      Fred   H.    Colvin.      (72)      June   22. 
Throwing  Liquid  Fire.*      (19)      June  24. 

The  Making  of  Military  Roads.*      (From  the  Illustrated  News.)      (19)      June   24. 
Military  Training  Valuable  and   Valueless.      Richard   Stockton,    Jr.      (44)      July. 
Three  River  Crossings   in   the  European   War;   Tactical;   Technical   Considerations.* 

Oberst   Friedrich    Immanuel.      (100)      July. 
A    Proper   Military    Policy    for   the   United    States.      (44)      July. 
The   Evolution   of    a    Military   Arm.      Louis    C.    Duncan.      (44)      July. 
With  the  22d  Corps  of  Engineers  at  Camp  Whitman.*      Robert  K.  Tomlin,  Jr.    (14) 

July  1. 
Drift   in   Artillery  Fire.      George  Greenhill.      (12)      July   7. 
Design  of  Rolls  for  Making  Steel  Shrapnel  Bars.*     W.  S.  Standiford.      (72)   July  20; 

(108)    June. 
Sur  I'Erosion  des  Canons  d'Acier  par  les  Gaz  de  la  Poudre.      D.  K.  Tchernoff.      (93) 

Oct.,    1915. 

*  Illustrated. 
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Military— ( Continued). 

Sur   la   Fabrication   des  Obus  de  Rupture.*      D.   K.   Tchernoff.      (93)      Oct.,    1915. 
La  Fabrication  des  Obus  en  Fonte.*      Ch.  Dantin.      (33)      May  27. 

Mining. 

Notes  on  the  Specifloation  of  Iron  and  Steel  Suitable  for  Colliery  Use.      W.  Simons. 

(Paper    read   before   the   North    Staffordshire    Inst,    of   Min.    and   Mech.    Engrs.) 

(106)      Vol.   51.   Pt.   2. 
The    Sinking    and    Equipment    of    a    Circular    Shaft.      James    Nisbet.       (Paper    read 

before  the  Min.   Inst,  of  Scotland.)       (106)      Vol.   51,   Pt.   2. 
Carbon   Dioxide   as   an   Agent   in    Extinguishing   Mine   Fires,   with    Special   Reference 

to    Its    Application    at    the    Senghenydd    Colliery.*      Edgar    C.    Evans.       (Paper 

read  before  the  Manchester  Geological   and   Min.   Soc.)       (106)      Vol.   51,   Pt.   2. 
The  Influence  of   Incombustible  Substances  on   Coal-Dust  Explosions.      A.   S.   Blatch- 

ford.     (Paper  read  before  the  North  of  England  Inst,  of  Min.  and  Mech.  Engrs.) 

(106)      Vol.    51,    Pt.    2. 
Use  and   Care  of  Explosives.*      R.   E.    Somers.      (36)      Apr. 
Electric   Power  in   Slate   Quarries.*      G.   K.   Paton.      (Abstract  of  paper   read   before 

the  Liverpool   Eng.   Soc.)       (26)    Apr.   28;    (73)    June  30. 
Colliery    Pumping   Plant    in    North    Staffordshire.*      (12)      Apr.    28. 
Firedamp    Detector    for    Miners'    Electric    Safety    Lamps.*       T.    J.    Thomas.      (57) 

Apr.    28. 
Conditions   of   Winding :    Report   of   Committee   of   the   Am.    Min.    Congress.      (From 

Bulletin,  V.  S.  Bureau  of  Mines.)      (57)      Apr.   28. 
Prospecting    Before    Dredging    on    Seward    Peninsula,    Alaska.*      Corey    C.    Brayton. 

(103)      Apr.   29. 
Surficial  Indications.*     Frank  H.  Probert.      (103)      Serial  beginning  May  6. 
Panel  Room  and  Pillar  Mining.*      A.  G.  H'orrock.      (45)      May   6. 
Auxiliary    Ventilation.       (Discussion    before    the    National    Assoc,    of    Colliery    Man- 
agers.)      (22)      May  12. 
Gob    Fires    at    Leycett    Collieries.*       W.    G.    Peasegood.       (Paper    read    before    the 

National   Assoc,    of   Colliery   Managers.)       (22)      May    12. 
Surface    Mining   Electrical    Plant.*      (26)      May    12. 
The    Mining    Industry    of    Peru.*      Joseph    T.    Singewald,    Jr.,    and    Benjamin    LeRoy 

Miller.      (16)      May  13. 
Types  of  Arc  and  Incandescent  Lights  for  Mine  Locomotives.*      P.   S.  Bailey.      (82) 

May    13. 
The  Tale  of  the  National  Gold  Mine  a  Latter  Day  Bonanza.      Horace  V.   Winchell. 

(82)      May   13. 
A  Plant  for  Thin-Seam  Coal.*     R.  G.  Read.      (45)      May  13. 
The  Tierney   Tipple  at   Stone,    Ky.*      H.   Relsser.      (45)      May   13. 
Outside    System    of   Electrical    Shot-Firing.      H.    H.    Clark,    N.    V.    Breth    and    C.    M. 

Means.      (From  Technical  Paper  108,  U.  S.  Bureau  of  Mines.)      (57)      May  19. 
Tungsten  Mining  in  the  West.*     P.  B.  McDonald.      (103)      May  20. 
Stoping  by   Branched   Raises.*      F.   W.    Sperr.      (103)      May   20. 
The  Oatman  District,  Arizona.*      Leroy  A.  Palmer.      (16)      May  20. 
Valuation   of  Oil   Properties.*      Dorsey   Hager.      (16)      May   27. 
The  Tungsten   Mines  of  Atolia.*      Charles   T.   Hutchinson.      (103)      May   27. 
Tungsten  District  of  Boulder  County.  Colorado.*      Charles  T.  Kirk.      (103)      May  27. 
Dry   Placer  Mining  on   a  Large   Scale.      W.   G.    Keiser.      (82)      May   27. 
Opening  Shaft   Mines.*      M.   L.   Hyde.      (45)      May  27. 
Modern    Blasting    Practice.*      P.    B.    McDonald.      (103)      May    27. 
Samples    and    Their    Interpretation.*      E.    H.    Dickenson    and    H.    J.    Volker.      (16) 

May  27. 
Motor   Equipments    for   the    Recovery   of   Petroleum.*      W.    G.    Taylor.      (42)      June. 
Electric    Caps    for   Wet    Work    in    Quarry    Blasting.*      (67)      June. 
Tungsten  Mining  in   Arizona.*      Charles  F.   Willis.      (103)      June   3. 
Notes  on  the  Tungsten  Ores  of  the   Southwest.      H.   H.  Taft.      (82)      June  3. 
Churn-Drill    Prospecting   at    Morenci,    Ariz.*      William    R.    Grunow.      (16)      June   3. 
Underground   Mine  Roads.      J.   McCrystle.      (45)      Serial   beginning  June   3. 
Present    Development    of    the    Oatman    District    of    Arizona.*      W.    A.    Scott.      (82) 

June    3. 
Handling  Compressed  Air  in   Shaft   Sinking.*      F.   D.   Buffum.      (45)      June  3. 
An  Emergency  Escape- Way  for  Mines.*      (82)      June  3. 
Quarrying  at  Rockland  Lake.*      H.  L.  Hicks.      (86)      June  7. 
Economies   in    Lubricating   at   Edmondsley    Colliery.*      James   Wilson.      (Paper    read 

before  the  National   Assoc,    of   Colliery   Managers.)       (22)      June   9. 
Portable    Mining    Equipment    for    Prospects.*       Louis    A.    Rehfuss    and    W.    Clifford 

Rehfuss.      (16)      June    10. 
An    Underground    Mine   Stable.*      Guy    E.    Greer.      (45)      June   10. 
Gold  Mining  in  the  Judith  Mountains,  Montana.*     O.  W.  Freeman.      (103)      June  10. 
Fighting  an   Anthracite  Mine   Fire.*      W.    B.   Richards.      (45)      June  10. 
Mining  at  the  Nevada  Consolidated.*      P.   B.  McDonald.      (103)      June   10. 
Mine    Air    Analysis.      W.    H.    McMillan.       (Paper    read    before    the    National    Assoc. 

of  Colliery  Managers.)      (22)      June  16. 
Ozokerite  in  Utah.     L.  O.  Howard.      (103)      June  17. 

*  Illustrated. 
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Mining— (Continued). 

Gold   Mining   in    the   Pliilippines.*      C.   M.   Eye.      (103)      June   17. 

Concrete  Foundations  for  Mining  Installations.*     Algernon  del  Mar.      (82)      June  17. 

LUbecker    Excavator    in    the    Klondike.*      C.    A.    Thomas.      (16)      June    17. 

A  Novel   Device  for  Making  Deviation  Tests  on  Surveys  in  Deep  Drill  Holes.*      (46) 

June    17. 
Dust   Allaying  in  Rand   Mines.*      A.  Cooper  Key.      (16)      June  17. 
Supplying    Fresh    Air    Through    Canvas    Tubes    to    Underground    Workers.*      (46) 

June  24. 
Mexico's  New  Mining  Law  in   Effect  July   1.      (82)      June  24. 
Explosives   on   the   Farm.*      Thomas    M.    Knight.      (108)      July. 
Blasting  Pole  Holes  in  Clay.*      J.  H.   Squires.      (17)      July   1. 
New  Tipple  at   Glouster,   Ohio.*      Miner  Raymond.      (45)      July   1. 
Rock  Excavation   in  Coal   Mines.*      C.   Jackson.      (45)      July   1. 
Automatic   Drop-Bottom    Mine   Car.*      (45)      July   1. 
Prices   of   Macliinery   for   Mines.*      (45)      July   1. 
On    the    Liberation    of    Gas    in    Mines.      N.    Tunenalieff.       (From    Gorno-Savodskoie 

Dido.)       (57)      July    7. 
Mine  Ventilation  Stoppings.*      R.  T.   Williams.      (57)      July  7. 

Blasting  Process   at  Chuquicamata,    Chile.*      Howard   W.   Moore.      (103)      July   8. 
Amenities   of   Bolivian    Mining.*      Mark   R.    Lamb.      (16)      July    8. 
Electrical  Distribution  and  Application  in  Mines.*      H.  M.  Warren.      (45)      July  15. 
A  History  of  the  Homestake  Mine,  S.   D.*      Richard  Blackstone.      (82)      July  15. 
Cost    of    Installing   Four   Large    Electric   Mine   Pumps.      (45)      July    15. 
Stope   Surveying  at   Mount   Lyell.*      G.   F.   Jakins   and   L.    J.    Coulter.      (Paper   read 

before  the  Australian  Inst,  of  Min.  Engrs.)       (16)      July  15. 
Experiments   in   Relieving   Strain    Breaks   in    Quarries.*      Oliver    Bowles.       (Abstract 

from  Bulletin  106,  Bureau  of  Mines.)       (86)      July   19. 
Nomenclature  of   Mining   Methods.      George  J.   Young.      (16)      July   22. 
Le  Remblayage   Hydraulique   des   Mines,    Emploi    du    Sable   de   Dunes   pour   le   Rem- 

blayage  des   Mines  de  Lens.*      (33)      June   17. 

Miscellaneous. 

The  Application  of  Efficiency  Principles.*  Fred.  H.  Rindge,  Jr.  (103)  Sept.  25, 
1915. 

Engineering  Colleges  and  the  War.  R.  Mullineux  Walmsley  and  C.  B.  Larard.  (75) 
Oct. -Dec,    1915. 

Some  Details  Often  Overlooked  by  Engineers.     A.  Stucki.      (58)      Feb. 

The  Relation  Between  Engineers  and  Contractors.     J.  W.  Rollins.      (58)      Mar. 

The  Necessity  for  a  National  Department  of  Public  Works.  Isham  Randolph.  (58) 
Apr. 

Labor,  Wealth  and  Efficiency.*     J.  W.  Ledoux.      (2)      Apr. 

Public    Contracts.      S.    P.    Orth.      (36)      Apr. 

Speeding  Up  an  Engineering  Factory.*  R.  Rankin.  (Abstract  of  paper  read  before 
the  Junior  Institution  of  Engrs.)  (47)  Serial  beginning  Apr.  21  ;  (73) 
Serial  beginning  Apr.  21. 

Effect  of  Atmospheric  Pressure  on  the  Candle  Power  of  Various  Flames.*  E.  B. 
Rosa,  E.  C.  Crittenden  and  A.  H.  Taylor.  (Paper  read  before  the  Illuminating 
Eng.    Soc.)       (66)      Apr.   25. 

The   Forest  Resources   of   Newfoundland.      Daniel   Morris.      (29)      Apr.    28. 

Equitable   Specifications   and   Contracts.     Hillis   F.    Hackedorn.      (55)      May. 

Methods  of  Figuring  Manufacturing  Costs.  C.  B.  Auel.  (From  the  Electric  Journal.) 
(62)      May. 

Engineering  Schools  and   Industrial   Methods.      H.   L.  Gantt.      (9)      May. 

Engineering   Cooperation.      R.    W.    Parkhurst.      (36)      May. 

Engineering  in  the  Great  European  War.      Frank  W.   Skinner.      (36)      May. 

Our   Earth   a   Great   Magnet.      L.    A.    Bauer.      (3)      May. 

The  Nitrogen  Industry.  W.  S.  Landis.  (Paper  read  before  the  Am.  Electro-Chem- 
ical   Soc.)       (105)      May   1. 

The  Conifer  Leaf  Oil  Industry.*  A.  W.  Schorger.  (Paper  read  before  the  Am. 
Electro-Chemical   Soc.)      (105)      May   1. 

The   Nitration   of  Toluene.      E.   J.   Hoffman.      (105)      May   1. 

Humidity  and  Its  Measurement.  Kenneth  G.  Smith.  (From  the  Iowa  Engineer.) 
(64)      May    2. 

Determining  Benzene  Toluene  and  Solvent  Naphtha  in  Light  Oils.  Etc.*  Dyke  Wil- 
son and  Ivan  Roberts.      (From  the  Gas  Record.)      (66)      May  2. 

Engineering  and  Scientific  Research.  J.  A.  Fleming.  (Paper  read  before  the  Eng. 
and  Scientific  Research  Conference  and  the  Soc.  of  Engrs.)  (104)  May  5; 
(57)    May  12;    (47)    May  5. 

Estimating  Metallic  Aluminum   in   Aluminum  Dust.      J.   E.   Clennell.      (16)      May  6. 

Does  Present-Day  College  Education  Produce  Accuracy  and  Thoroughness  ;  a  Dis- 
cussion between  Professors  George  F.  Swain  and  Daniel  W.  Mead  Arising  from 
the  Former's   Strictures   on   College   Graduates.      (14)      May    6. 

Financing  Public  Utilities  Under  State  Control  and  Service  Rate  and  Rate  of  Return. 
Chester  P.  Wilson.  (Paper  read  before  the  Indiana  Gas  Assoc.)  (24)  May 
15 ;    (83)      July  15. 

*  Illustrated. 
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Miscellaneous— (Continued). 

The  Chemical  Analysis  of  Rubber  Goods.*     Andrew  H.  King.      (105)      May   15. 

Coating  for  Blue-Print   Paper.*      (19)      May  20. 

The  Gasoline  Question.*      (103)      May  20. 

Do  Engineers   Need  Standard   Contract  Forms   Backed   by  National   Societies?      (14) 

May   27. 
Tar   Products  ;   Their  Past   and   Future.      J.   Herbert   Canning.      (Paper   read   before 

the  Wales  and  Monmouthshire  District  Institution  of  Gas  Engrs.  and  Managers.) 

(66)      May   30. 
How  to  Study  Factory  Efficiency.*     J.  K.  Mason.      (9)      June. 
Cost  Keeping  the  Basis  of  Prosperity.     Harry  Franklin  Porter.      (9)      June. 
Industrial    Preparedness.      Spencer    Miller.      (55)      June. 
The  Evolution  of  Public  Utilities.     George  P.  Roux.      (9)      June. 
Reform  and  Regulation.     Alexander  C.  Humphreys.      (109)      June. 
Some  of  the  Absurdities  of  the  Straight  Line  Method  of  Determining  Depreciation. 

Jenks  B.  Jenkins.      (23)      June  2. 
Sulphate  of  Ammonia  and  Benjol.*      D.  Bagley.      (22)      June  2. 
Camping    Instructions    and    Outfit    Required    for    Construction    Crews.      Walter    H. 

Meier.      (86)      June   7. 
Accounting  for  the  Contractor,  the  Columnar  Journal.     Benjamin  L.  Lathrop.      (14) 

June   10. 
The  Slide-Rule  Replaced  by  a  New  Computer.*      Yu  Wang.      (13)      June  15. 
Wood  Waste  and  Other  Pulpwoods  Used  in   1914  by  United  States  Mills.     Henry  E. 

Surface.      (105)      June    15. 
The   Densitometer.*      G.   A.    Shakespear.      (11)      June   16. 
Estimation  of  Benzene  and  Toluene  in  Commercial  Mixtures.      A.   Edwards.      (Paper 

read  before  the  Soc.   of  Chemical   Industry.)       (66)      June  20. 
Municipal   and   Sanitary  Engineering  Service.      G.  R.   Bascom.      (86)      June  21. 
Waste.     R.   O.  Wynne-Roberts.      (96)      June  22. 

Figuring  Expenses  and  Profits  in  Contracting.     O.  G.  Pack.      (27)      June  24. 
The  Spruce  Gum   Industry.*      Samuel  J.   Record.      (46)      June  24. 
Progress   in    International    Standardization.      C.    le   Maistre.      (27)      June    24. 
Theory  of  Public  Utility  Franchises.     George  McLean.      (Paper  read  before  the  Iowa 

District  Gas  Assoc.)       (24)      June  26. 
The    Executive    and    the    Modern    Organization.      Dwight    T.    Farnham.      (9)      Serial 

beginning  July. 
Industrial   Preparedness  and  the  Engineer.      William   L.   Saunders.      (9)      July. 
The   Projecting   Lantern.*      John    B.   Taylor.      (Paper   read   before   the    Illuminating 

Eng.   Soc.)      (19)      July   1. 
Accounting    for   the    Contractor,    the    Balance    Sheet.      Benjamin    L.    Lathrop.      (14) 

July  1. 
Motor  Trucks  for  Earth  Excavation  for  the  Public  Service  Terminal,  Newark,  N.  J.* 

(86)      July    5. 
Buying  Material   on   a   Scientific  Basis.      H.   B.   Twyford.      (20)      July   6. 
Aerography   the   Science   of  the   Structure  of  the   Atmosphere.*      Alexander   McAdie. 

(From   the   Geographical  Review.)       (19)      July   8. 
Accounting  for  the  Contractor,   Equipment   Account.*      Benjamin   L.   Lathrop.      (14) 

Serial  beginning  July  8. 
Cost  of  Cost-Keeping  Cut  by  Study  of  OtRce  Force.*     Dan  Patch.      (14)      July  8. 
Saving   Daylight,    Economic   Reasons   That   Make   a   Change   in    Our   Hours   of   Work 

Desirable.      G.  F.   Kuntz.      (19)      July  8. 
Inaccurate   Estimate   Vitiates   Time- Penalty   Clause.      (13)      July    13. 
How  to  Appraise  Public  Utility  Property.     George  W.  Kuhn.      (17)      July  15. 
Ditching  and  Digging  Pole  Holes  with  Dynamite.      Thomas  M.  Knight.      (86)      July  19. 
Le    Facteur    Humain    dans    I'Organisation    du    Travail.*       James    Hartness.      (93) 

Sept.,    1915. 
La   Reeducation    Professionnelle   des    Bless6s    et   des   Mutiles    de   la    Guerre.*      Jules 

Amar.      (93)      Oct.,    1915. 
Les    Produits    Derives   des   Goudrons   de   Houille.*      Daniel   Florentin.      (33)      Serial 

beginning  May  6. 

Municipal. 

Review  of  New  York  State  Work  for  1915.     H.  E.  Breed.      (36)      Apr. 

Highway   Maintenance  and  Repair.     F.  W.   Sarr.      (36)      Apr. 

Construction    of   Bituminous   Roads.      L.    I.    Hewes.      (36)      Apr. 

Recent  Advancement   in  the  Construction   of   Brick  Roads.     Wm.   C.    Perkins.      (36) 

Apr. 
Concrete  Roads.     W.   A.   Mclntyre.      (36)      Apr. 
Earth  Road   Improvement.      L.   I.  Hewes.      (36)      Apr. 
Town    Planning   with    Special    Reference    to   the   Doncaster    District.      Percy    Morris. 

(114)      No.   12,  Apr. 
Town  Planning:  Its  Development  and  Utility.     J.  W.  Cockrill.      (114)      No.  12,  Apr. 
Some  Conclusions  on  Housing  Our  Workers.*      W.  E.  Riley.      (114)      No.  11,  Apr. 
The  Principles  and  Position  of  Town  Planning.     W.  R.  Davidge.      (Paper  read  before 

the  Surveyors'  Institution.)      (104)     Apr.  21. 

♦  Illustrated. 
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Municipal— (Continued). 

Recent  Municipal  Works  and  Practice  in  Hull.*      F.  W.  Bricknell.      (114)      No.   13, 

May. 
A  Clarion  Call  to  Engineers;  Discussion  of  the  Mechanics  of  City  Planning.*      John 

E.    Lathrop.      (98)      May. 
Municipal  Asphalt  Plant  of  Manhattan  Boro,  New  York  City.*      (60)      May. 
Wood  Blocks  for  Street  Paving.*      (60)      May. 

Caliche  Roads:  a  New  Type  of  Construction  in  Arizona.*      (13)      May  4. 
California's     Bituminous     Carpeted     Concrete    Roads     Show     Durability     in     Service, 

Report   States.      (14)      May    6. 
Construction     of    Gravel    Roads    by    the    Feather     Edge    Method.*      H.     E.     Bilger. 

(Abstract    of   paper    read    before   the    Conference   on    Highway    Eng.    at    Kansas 

State  Agricultural  Coll.)       (86)      May  10. 
Water   Supply   for  Concrete  Pavement   Construction.      (86)      May   10. 
Methods   and    Costs   of   Concrete  Road    Maintenance   in    Ohio.     A.    H.    Hinkle.      (86) 

May    10. 
City  Planning  at  Cebu.*     R.  C.  Hardman.      (13)      May  11. 
Recent  Developments  in  Bituminous  Macadam  and  Bituminous   Concrete  Pavements. 

Arthur    H.    Blanchard.      (Paper    read    before    the    Canadian    and    Inter.    Good 

Roads   Congress.)       (96)    May    11  ;    (60)    June. 
Lessons  in  Road  Maintenance  from  New  York  State.     T.  M.  Ripley.      (13)      May  11. 
Road   and    Bridge   Construction   and   Maintenance   in   the    Province   of   Nova   Scotia.* 

(Abstract   from  Report   of  the   Highways   Div.)       (96)      May   11. 
State  Aid   for   Housing   and   Town   Planning   Schemes.     W.    B.    Whyte   and   W.    Ross 

Young.      (Paper  read   before  the  Congress  on  Home  Problems  after   the  War.) 

(104)      May    12. 
The  Non-Such  Tar  Painting  Outfit.*      (104)      May  12. 

Effects  of  Low  Temperature  on  Paving  in  the  Track  Allowance.*      (17)      May  13. 
Pavement   Near   Car   Lines    Heaves   during    Cold    Spell.*     J.    Thomas    Dovey.      (14) 

May  13. 
Uniformity    Required    in    Pavement    Foundations.     W.    W.    Crosby.      (Abstract    from 

paper   read   before  the  Canadian   and   Inter.   Road   Congress.)       (86)      May   17. 
Artificial    Foundations    for    Pavements.     W.    W.    Crosby.      (Paper    read    before    the 

Canadian    and    Inter.    Road    Congress.)       (86)      May    17. 
Increasing     Water     Works     Efficiency     Under     City     Manager     Government.      (86) 

May   17. 
System    of    Road    Working    in    Warren    County,    Kentucky.     M.    H.    Crump.      (86) 

May    17. 
Retaining  Walls  on  Bathurst  Street  Hill,  Toronto.*      S.  G.  Talman.      (96)      May  18. 
Aprons    Reduce    Flood    Damage    to    Road    Shoulders.*     George    E.    Schaefer.      (14) 

May   20. 
Asphalt   Flush   Coat   Seals   Porous   Road   Surface.      (14)      May    20. 
The    Easton-Allentown    Concrete   Road ;    an    Exceptional    Example    of    Modern    Road 

Engineering.*      Wm.    D.    Uhler.      (Paper    read    before    the    Am.    Road    Builders' 

Assoc.)       (86)      May    24. 
Comparative   Values   of   Various   Approved   Forms   of    Street    Pavem.ents    and    Roads. 

E.   M.   Re  Qua.      (86)      May   24. 
Organization   as   Influenced   by   Plant   of   Concreting   Gangs   for  Road   Construction.* 

Halbert  P.  Gillette.      (Report  of  Committee  of  National  Conference  on  Concrete 

Road    Building.)       (86)      May   24. 
Method  and  Cost  of  Bitulithic  Paving,   Pierce  Co.,   Wash.*      David  H.   White.      (13) 

May    25. 
Width   and  Allocation   of   Space  in  Roads.     F.   Longstreth  Thompson.      (Paper   read 

before    the   Town    Planning    Inst.)       (96)      May    25. 
Standard   Nomenclature   and    Specifications    for   Tar   and    Pitch    for    Road    Purposes. 

Engineering    Standards    Committee.      (22)      May    26. 
The  Park-Development  Problems  in  the  Hard-Coal  Region.*      Karl  B.  Lohman.      (45) 

May   27. 
Concrete     Paving     a     Remedy     for     Unsightly     Alleys.*      John     C.     Hiteshew.      (14) 

May  27. 
Favors   Mill-Bent   Angle-Iron   as   Concrete  Road   Screed.      (14)      May   27. 
Highway  Construction  in  Washington   by   Convict  Labor.      (86)      May  31. 
Practice  of   Peoria  Ry.   Co.,   Peoria,   111.,   for   Paving   Street  Railway   Tracks.     R.   F. 

Palmblade.      (Paper    read    before   the   Illinois    Soc.    of    Engrs.    and    Surveyors.) 

(86)      May   31. 
Highway  Problems  of  the  State  of  Pennsylvania.      William  D.  Uhler.      (3)      June. 
The  Quiucy   Shore  Boulevard  of  the  Boston  Metropolitan   Park  Commission.*      (60) 

June. 
Building  Concrete  Roads.      Homer  P.   Cumings.      (Paper   read  before  the   Ohio   Eng. 

Soc.)       (60)      June. 
Prompt   Snow  Removal   in   Philadelphia,   Pa.*      William   H.   Connell.      (60)      June. 
Minimum   Tire   Widths   for   Good   Roads.      Harold    L.    Hock.      (36)      June. 
Chicago  has  New  Shop  Plant  for  All   Public  Works.*      C.   C.  Sauer.      (13)      June  1. 
Practical    Maintenance   of   Road   Plants.*      M.    E.    Fafard.      (Abstract    of   paper   read 

before  the  Third  Canadian  and  Inter.  Good  Roads  Congress.)      (96)      June  1. 

*  Illustrated. 
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Brick  and  Asphalt  Paving  by  Day  Labor.     G.  C.  Brehm.      (13)      June  1. 

Rolling     Important    for    Asphalt-Gravel    Roads.      A.    P.    Rice.      (Abstract    of    paper 

read   before  the   Mass.    Highway  Comm.)       (14)      June  3. 
Asphalt ic  Concrete  Pavements.      D.  T.  Pierce.      (17)      June  3. 
Waterbound    Macadam    Tarsurtaced    Stands    Heavy    Traffic.      (14)      June    3. 
The   Regeneration    of    Powdertown.*      (76)      June    6. 
Planning    the    Industrial    Town    of    Iroquois    Falls,    Ontario.*      A.    P.    Melton.      (86) 

June   7. 
Standard     Units     for    Comparing     Municipal     Improvements.     A.     Prescott     Folwell. 

(Paper    read    before    the   Annual    Conference    of    Mayors    of   the    State    of    New 

York.)      (86)      June  7. 
Annual  Report  on  Highway  Improvement  in  Ontario.      (96)      June  8. 
City    Paving    Compared    with    Contract    Work.      Adolph    F.    Meyer.       (Abstract    from 

Bulletin.   Civ.    Engrs.    Soc.   of   St.    Paul.)       (13)      June   8. 
Public    Works    Accounting    for    Villages    and    Towns.*      Charles    A.    Holden.      (13) 

June   8. 
Road    Culverts    in    Quebec    Province.      Alexander    Fraser.      (Abstract    of    paper    read 

before  the  Inter.  Road  Congress.)       (96)      June  8. 
Surrey    Bituminous    Road    Surfacing    Scheme,    Materials,    Methods    and    Details    of 

Cost.      (104)      June    9. 
Good   Roads   and   the   Automobile.*      A.   M.    Jungmann.      (19)      June    10. 
City    Makes    Money    by    Purchasing    Plant    and    Laying    its    Own    Asphalt    Paving.* 

■Clarence   E.   Ridley.      (14)      June   10. 
John    Nolen    Says    City    Planning    is    for    Small    Cities    as    well    as    for    Large    Ones. 

(Abstract    of    paper    read    before    the    National    Conference    on    Citv    Planning.) 

(14)      June    10. 
Hydrated  Lime  in  Concrete  Pavements.*      G.   Cameron  Parker.      (86)      June   15. 
Maintaining  the  Washington-Atlanta   Highway.*      (14)      June  17. 
Pour  Filler  over   Blocks   in   Granite   Pavement.      (14)      June   17. 
Construction    Features    of    an    Asphaltic    Macadam    Road    in    Massachusetts.*      E.    H. 

Townsend.      (Paper   read    before   the    Mass.    Highway   Comm.)       (86)      June    21. 
Modern  Brick  Road  (Construction.      H.  E.  Bilger.      (Paper  read  before  the  Conference 

on  Highway  Eng.  at  Kansas  State  Agricultural  Coll.)       (86)      June  21. 
Road    Maintenance,     Materials    and    Methods.      William    H.    Connell.      (Paper    read 

before  the  Canadian  and  Inter.  Good  Roads  Congress.)       (96)      June  22. 
Automobiles,    Motor    Trucks    and    City    Planning.      Nelson    P.    Lewis.      (Abstract    of 

paper  read  before  the  City  Planning  Conference.)       (13)      June  22. 
County    Marks    its   Roads   with    Simple   Signs ;    Main    Plate   Carried    by    2-Inch    Pipe 

Anchored  in  Post  Hole  by  Grout  and  Rock  Filling.*      (14)      June  24. 
Simplicity    the    Keynote    of    Oregon's    Cost-Keeping    System.*      G.    Ed.    Ross.      (14) 

June   24. 
Making  Roads  and  Men.*      O.  R.   Geyer.      (19)      June  24. 

New  Pavement  Construction  on  Queensboro  Bridge,  New  York  City.      (86)      June  28. 
Gravel   Roads  Constructed   in   Northwestern  Michigan.      L.  H.   Neilsen.      (Paper   read 

before  the   Battle  Creek  Highway  Convention.)       (86)      June  28. 
San  Francisco's  Civic  Center.*      (13)      June   29. 
Old  Gravel  and  Macadam  for  Brick  Pavement  Foundation.      H.  E.  Bilger.      (Abstract 

from    IUi)iois    Highways.)      (13)      June   29. 
Mysteries   of   Concrete   Road   Construction.      W.    H.    Reed.      (60)      July. 
Bitulithic  Pavement  Laid  Over  Old  Gravel  Road.*     David  H.  White.      (14)      July  1. 
The  Columbia  River  Highway.*      (19)      July   1. 
The  Clayton   County,   Iowa,   Patrol   System  for  Maintenance  of  Dirt  Roads.     Edward 

B.    Tourtellot.      (From    Service    Bulletin,    Iowa    Highway    Comm.)       (86)      July 

5  ;      (14)      May   13. 
Methods    and    Cost    of    Treating    Old    Macadam    Streets    in    Milwaukee,    Wis.,    with 

Asphaltic  Oil.*      Stanley  B.  Bates.      (86)      July  5. 
Cutting   Haulage   Cost   in  Road   Work   to   Seven   Cents   Per   Ton-Mile.      G.    N.    Lamb. 

(86)      July  5. 
Comparative  Cost  of  Various  Types  of  Pavement.*      Eugene  W.  Stern.      (Paper  read 

before  the  Second  National  Conference  on  Concrete  Road  Bldg. )       (86)      July  5. 
Organization   and  Output  of  a   Gang  Laying  Concrete   Base  for   Asphalt   Pavement.* 

W.    D.   Jones.      (86)      July   5. 
Asphalt  Macadam  Construction  in  Lake  County,  Indiana.      (86)      July  5. 
Portable  Washing  Plant  for   Preparing  Aggregates  for   Concrete  Road   Construction. 

H.   Colin  Campbell.      (86)      July  5. 
Some   Comparative  Tests   of    Wire-Cut-Lug   and   Repressed    Paving   Brick.      Wm     A 

Goss.       (86)      July  5. 
Miscellaneous  Street  Signs.*      (13)      July   6. 

Excess   Condemnation  and  City   Planning.*      Charles   K.   Mohler.      (13)      July   6. 
Brick  Pavement  Carries  4  492   Vehicles  a  Day.      (14)      July   8. 

Steam  Shovel   Removes  and  Loads  Old  Pavement  and  Foundation.*      (14)      July  8. 
Changes   in   New   Specifications   for   Paving  in   St.   Louis.      (13)      July   13. 
Hamilton    Entrance    of    Toronto-Hamilton    Highway.*      E.    Howard    Darling       (96) 

July    13. 

*  Illustrated. 
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DrainaKe  and  Preparation  of  Subgrade.  (Report  to  the  National  Congress  on  Con- 
crete  Road    Building.)       (96)      July   13. 

Motor  Truck  Lessens  Cost  of  Maintaining  Gravel  Roads  in  Alabama.*  Thomas  H. 
Edwards.      (14)      July   15. 

Harrowing  Highy  Important  in  Gravel  Roads.      H.  E.  Bilger.      (14)      July  15. 

Concrete  Road   Develops  Three  Cracks  in   a  Year.      (14)      July   l.'j. 

Prorating  Paving  Costs  Among  Property  Owners.*      H.  M.   Talbott.      (13)      July   16. 

Cost   Analysis   of   Asphaltic-Concrete    Pavements.      (13)      July    20. 

Fortschritte  auf  dem  Gebiete  des  Strasseubauwesens  in  Amerika.  Karl  Haller. 
(39)      Serial    beginning   Mar.    5. 

Pebauungsplan  fiir  ein  stadtisches  Gelande  an  der  Uellendahler  Strasse  und  Kohl- 
strasse  in  Elberfeld  im  Hinblick  auf  seinen  Werdegang.*  Voss.  (39)  Serial 
beginning   Mar.    5. 

Die    Korrektion    der    Pierre-Pertuis-Strasse.*      (107)      Apr.    22. 

Railroads. 

Electrification  of  Railroads.      W.   F.  M.   Goss.       (61)      Feb.   15. 

Locomotive    Inspection    Laws.      Frank    McManamy.      (61)      Mar.    21. 

A  Recent  Air  Brake  Trial  on  the  P.  R.  R.      R.   D.   Kavanaugh.      (2)      Apr. 

Test  of  Locomotives.*      D.   R.   MacBaiu.      (61)      Apr.   18 

Concealed  Damage.     W.  H.   Streeter.      (Paper  read  before  the  United  Yard  Masters' 

Assoc.)       (23)      Apr.    21. 
Electrification  on   the  Norfolk  and  "Western   Railway.*      (12)      Apr.    21. 
The   Furka    Pa^s   Railway.*      (12)      Apr.    21. 
The   Lothians   Railways.*       (23)      Apr.    21. 
Commercial    Motor    Vehicles    for    Railway    and    Industrial    Purposes.      (23)      Serial 

beginning    Apr.    28. 
The    2-Ft.    Gauge    Gwalior    Light    Railways,    Central    India.*      (23)      Apr.    28. 
2-6-2  Tank   Locomotives,   Assam-Bengal   Railway.*      (23)      Apr.   28. 
Passenger  Terminal    Inspection.*      R.    S.    Mounce.      (25)      May. 
Handling  a  Big  Engine  Terminal.      Paul  A.   Schenck.      (25)      May. 
The  Sanitation  of  Railway  Cars.      Thomas  R.   Crowder.      (65)      May. 
Northern   Pacific   Express   Cars.*       (25)      May. 
Railroad   Day  and   Night  Signals.      B.    H.   Mann.      (115)      May. 
The    Cause    of    Slid    Flat    Wheels.*      Walter    V.    Turner.      (Abstract    of    paper    read 

before   the    St.    Louis   Ry.    Club.)       (25)      May. 
Test  of  the  Young  Valve  and  Valve  Gear.*      (25)      May. 
The    Use    of    Continuous    Current    for    Terminal    and    Trunk-Line    Electrification.* 

Norman   Wilson    Storer.      (77)      May    1. 
Ballasting  Track  by  Contract.*      (13)      May  4. 
The    Garratt    Locomotive.*      H.    W.    Dearberg.       (Paper    read    before    the    Institution 

of    Locomotive    Engrs.)       (23)      May    5. 
New  4-6-0  Type   Locomotives,   London  &   Northwestern  Railway.*      (23)      May   5. 
Concrete  Work  on  the  Arizona  Division  of  the  Santa  Fe.*      (23)      May   5. 
Canadian  Railways  in  the  Eventful   Year  1915.     J.  L.  Payne.      (15)      May  5. 
How  French  Hospital  Trains  Help  to  Save  the  Wounded.      (23)      May  5. 
A   Long  Tunnel   in   British   Columbia.      (12)      May   5. 
Intercepting   Valve   for   Mallet   Locomotives.*      (15)      May   5. 
Mallet    Articulated    Locomotives    for    the    Nashville,    Chattanooga    &    St.    Louis    Ry.* 

(18)   May  6  ;    (15)   May  5. 
West  Side  Improvement  Plans  of  New  York  Central   Railroad   in   New  York   Filed.* 

(14)  May   6. 

The    Government    Railroad    in    Alaska,    What    Two    Years    and    Limited    Funds    Have 

Accomplished.*      Thomas  Riggs,   Jr.      (14)      May   6. 
Routing  Systems   in   the   Small   Shop.*      H.    D.   Wolcomb.      (18)      May   6. 
Results    Obtained    with    Roller    Bearings    on    Interurban    Cars.*       W.    B.    Voth    and 

A.    C.    Metcalfe.      (17)      May    6. 
Caboose   Cars   for  the   Nashville,    Chattanooga   &   St.    Louis   Ry.*      (18)      May    6. 
Detroit  River  Tunnel   Operation.*      (17)      May   6. 
Reduction   of   Dynamic   Argument.      (18)      May    6. 

Safety    Appliance    Act    not    Limited    to    Equipment    Being    Used    in    Interstate    Com- 
merce.      (18)      May    6. 
Scrap   and  Reclamation  on  the  Pennsylvania  Lines,   East.*      (18)      May   6. 
Saratoga  Terminal   Completed.*      (17)      May  6. 
Proposed    Improvement   of    New   York's    Hudson    River    Front,    Eliminating   Railroad 

Operation    at    Street    Grades.*      (46)      May    6. 
New    Locomotives   for   the   Japanese   State   Railways.      (23)      May    12. 
Lateral   Stresse-  on   Rails  in   Curves.*      George   L.   Fowler.      (23)      May   12. 
Long    Freight    Trains    and    Railway    Accidents  ;    a    Study    of    the    Relation    Between 

Train    Length    and    Accidents    to    Trains    and    Casualties    to    Persons.      (From 

Bidletin,  Bureau  of  Ry.  Economics.)       (IS)      May  12. 
Locomotive    Impact    Tests    on    the    Burlington.*       C.     B.     Young.      (15)     May     12; 

(25)    June. 
Slack  Action  in  Long  Passenger  Trains.      (Paper  read  before  the  Air  Brake  Assoc.) 

(15)  May   12  :    (25)    June. 

*  Illustrated. 


August,  lit]  (i.  I         ci  l!i!i:NT    ENGIXEl-niXG    LITEKATURE  663 

Railroads     (Continued). 

Coiisolidiition    lAHoinotives    for    the    Lake    Suporidr    Ai    Ishpeiiiiiig    Ry.*      (18)     May 

l.\  :    (25)    July  ;    (  15)    June   16. 
Is  the  Toii-.Mile  the   Proper   Basis    for   Allocating  Railroad    Operating   Costs?      Paul 

M.    La    Hath.       (14)       May    13. 
Federal    Regulation.    Imluding   the   Labor   Problem.      Daniel    Willard.       (Paper    read 

before  the  Am.   Newspaper  Publishers'  Assoc.)       (18)      May   13. 
Signaling  in  the  Public   Service  Terminal.*      J.  W.   Brown.      (17)      May   13. 
The   Function    of   Federal   Valuation   in   Rate   Making.*      C.    C.    James.      (Paper   read 

before  the  Railroad  Men's  Improvement  Assoc,  of  New  York.)  (18)  May  13. 
New  O-ti-2  Type  Tank  Engines.  Glasgow  &  South  Western  Railway.*  (23)  May  19. 
The  Strength   and    Wear   of   Locomotive   Tires.      E.   L.   Ahrons.      (Paper    read   before 

the    Institution   of   Locomotive   Engrs.)       (12)      Serial   beginning   May    19. 
Buildings    and    Structures.       (Report   of    Committee    of    the    Inter.    Ry.    Fuel    Assoc.) 

(15)      May    19. 
Report    of    Committee    of    the    Inter.    Rv.    Fuel    Assoc,    on    Powdered    Fuel.*      (15) 

May    19. 
An   Operating   Study   of  the   Rock   Island.*      (15)      May   19. 
The   Pacific   Electric  Railway.*      (23)      May   19. 
Report  on   Amherst   Collision.       (From   Report  of  the   Interstate   Commerce   Comm.) 

( 15)      May   19. 
L.    &   N.    W.    R.    Ambulance   Train    Vehicles    for    Service   on    the    Continent.*      (23) 

May    19. 
Central    Argentine    Electrificatiou.       (From   Central   Argentine   Railway    Maoazinc.) 

(26)      May    19. 
Powdered    Fuel.       (Paper   read   before   the    Inter.   Ry.    Fuel   Assoc.)       (15)    May    19; 

(18)    May   20;    (25)    June;    (47)    June   16. 
How    to    Secure    Safety    in    the    Shop.      (Abstract    of    paper    read    before    the    Inter. 

Eng.   Congress.)       (47)      May   19. 
Reclamation.       (Paper    read    before    the    Inter.    Ry.    Fuel    Assoc.)       (15)     May    19; 

(25)    June. 
Three  Position  Signals,  Victorian  Government  Railways.*      (23)      May  19. 
Report    of    Committee    on    Lumber    of    the    Inter.    Ry.    Fuel    Assoc.       (15)    May    19; 

(25)    June. 
The  Eymon  Continuous   Crossing.*      (18)      May   20. 
Rail  Weights   Reduced  to  Lengths,   and   Vice  Versa,  Tables  Compiled   for  Converting 

Linear    Feet    of    Eighteen    Sections    into    Tonnages,    and    Tonnages    into    Track 

Miles.      James   G.   Wishart.      (14)      May   20. 
The    Difficulties    of    Railroad     Maintenance     in     Alaska.*       Kirk     McFarlin.        (46) 

May    20. 
The    Effectiveness    of    Coasting    Recorders    in    Reducing    Power    Consumption    and 

Operating  Costs.      V.   W.    Berry.      (17)      May   20. 
Traffic   Development  on  the   Scranton  &   Binghamton  R.  R.*      (17)      May   20. 
The   Railroad   Fuel   Problem,   Past  and   Present.      S.   M.  Felton.      (Paper   read  before 

the    Inter.    Ry.    Fuel    Assoc.)       (18)      May    20. 
Care  of  Locomotives  with   Relation  to  Fuel  Economy.      A.   N.  Willsie.      (Paper   read 

before  the  Inter.  Ry.   Fuel  Assoc.)       (15)    May   26;    (25)    June. 
New   Locomotives  for  the   Leopoldina  Railway.*      (23)      May   26. 
A   New   Passenger   Station   at    Buenos   Aires.*      (15)      May    26. 
Some   Features   of  the   Bombay,    Baroda   &    Central    India   Railway    in    1863.*      (2.^) 

May   26. 
Fuel    Stations.*       (Paper   read    before  the    Inter.    Ry.    Fuel    Assoc.)       (15)      May    26. 
The    Shildon-Newport    Railway    Electrification.*      (26)      Serial    beginning    May    26: 

(11)      May    26;    (22)      May    26. 
The   First   Electrified   Mineral   Line   in   England.*      (23)      Serial   beginning  May   26 
A   Heavy   Freight   Electric   Power   Railway.*      F.    C.    Coleman.      (57)      May   26. 
Fuel  Economy  and  the  Transportation  Officer.      W.   H.  Averell.      (Paper  read  before 

the  Inter.  Ry.  Fuel  Assoc.)       (15)      May  26;      (18)      May  20. 
Railways     in     a     System   of    National    Defense.      W.    L.    Park.      (Paper    read    before 

the   Inter.   Assoc,   of  Ry.    Special   Agents   and   Police.)       (15)    May    26. 
Economics   of   Crossties   Reduced   to   Figures.      (14)      May   27. 
Prospective    Development    and    Earnings    Affect    the    Value    of    a    Railroad.*      R.    B. 

Shepard,   Jr.      (14)      May  27. 
The  Ureco  Refrigerator  Brine  Tank  Valve  (for  Cans).*       (18)      May  27  ;       (25)      June. 
Economy   Pony   and  Trailing  Trucks    for   Locomotives.*      (18)      May   27. 
Some  Notes  on   Signal   Maintenance.      A.  G.   Shaver.      (18)      May   27. 
Test  of  the   Julian-Beggs   Train    Control    Signal    System.*      (18)      May   27. 
Recovering    a    Wrecked    Pacific    Locomotive.*      (21)      June. 

A   Novel   Portable   Electric   Rail   Grinder.*      Frank    C.    Perkins.      (108)      June. 
Efficiency  of  Railroad  Operation.      Samuel   B.   Dunn.      (Paper  read  before  the  Inter. 

Ry.   Fuel    Assoc.)       (15)      June. 
The  Handling  of  Equipment  on  the   Baltimore  &   Ohio.      F.   F.   Hanly.      (87)      June. 
Lehigh   Valley   Maintenance   Methods.*      (87)      June. 

Organizing  and   Handling  Crews   for   Ballast   Work.      S.   J.   Evans.      (87)      June. 
Train  Lighting  by  Electricity.*      (21)      Serial  beginning  June. 

*  Illustrated. 
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Terniiiial    Cleaning   of    Passenger   Cars.      J.    E.    Ross.      (25)      June. 

Dismantling    of    Cars.      J..    W.    Gerber.       (Paper    read    before    tlie    Ry.    Storekeepers' 

Assoc.)       (25)      June. 
The  Safe   Loi-k   Switch   Machine.*      (87)      June. 
Functions   of   a    Railroad    Fuel    Inspector.      Eugene    McAuliffe.       (Paper    read    before 

the  Inter.   Ry.   Fuel  Assoc.)       (15)    May   19;    (18)    May   20;    (25)    June. 
The    Human    Fireman.      Ralph    Bradley.       (Paper    read    before    the    Inter.    Ry.    Futl 

Assoc.)       (25)      June:       (18)      July   8. 
A    New    Track    Fastening.*      (87)    June. 

Protecting   Track    from    Drifting    Sand,    Southern    Pacific    R.    R.*      (87)      June. 
Rogers   Pass    Soft-Ground   Work.*      J.    G.    Sullivan.       (13)      June   1. 
Garratt   Locomotive   for   Brazil.*      (23)      June    2. 
The   Operation   of  the  Railroads   in   New   England.      (Abstract   of   paper   read   before 

the   New    England   R.   R.    Club.)       (IS)      June    2. 
Rail  Manufacture.     J.  S.  Unger.      (Paper  read  before  the  Am.   Iron  and  Steel  Inst.) 

(15)    June   2;    (116)    June;    (18)    July    15. 
Mikado  Type  Locomotives  for  the  Atchison,  Topeka  &  Santa  Fe  Ry.*      (18)    June  3. 
Method   of   Handling  Repairs  to   Foreign   Cars   and    Billing  for   Same.*      E.    S.   Way 

(Paper  read  before  the  Ry.   Club  of  Pittsburgh.)       (18)      June   3. 
Treatment    of    Feed    Water    for    Locomotive    Boilers.      L.    F.    Wilson.       (Paper    read 

before  the  Cincinnati  Ry.   Club.)       (18)      June  3. 
New  Locomotives  for  the  Midi   Railway.*      (17)    June  3. 
Water-Filled  Ashpit  on  the  Baltimore  &  Ohio  R.  R.*      (13)      June  8. 
Flue-Reclaiming  System  of  the  Santa  Fe  Shops.*      Ethan  Viall.      (72)      June   8. 
Some  Small   American    Petrol    Locomotives.*      (12)      June   9. 
South   African   Railways'    Locomotives.*      (23)      Serial   beginning   June   9. 
Northern   Pacific  Express  Refrigerator   Cars.*      (15)      June   9. 
Italy's     Numerous     Accidents     Resulting     from    Unpreparedness.       Walter    S.    Hiatt 

(15)      June   9. 
Power  Brakes  for  Goods  Trains.*      (23)      June  9. 
Steel  Coaches  for  Long  Island   Suburban   Service.*      (23)      June  9. 
The  Design   of  Plants  for   Dumping  Coal   Cars.*      J.   F.   Springer.      (15)      June  9. 
L.   C.    L.   Freight   Handling   Methods   at   Silvis   Transfer,    111.*      (15)      June   9. 
Prevention    of    Accidents    at    Grade    Crossings.       (Paper    read    before    the    Am.    Ry. 

Assoc.)       (15)      June    9. 
Conference  on  Wage  Demands  of  Train  Employees.      (IS)      Serial  beginning  June  9. 
Santa  Fe  Type  Locom.otives  for  the  Erie  Railroad.*      (18)    June  10;    (25)    May. 
New  Railroad  Terminal   in  New  Orleans  Now  Open.*      (14)    June   10;    (15)    June  2. 
Making   Railway   Rails   Continuous  bv   Means   of  the  Electric   Arc.      (46)      June   10. 
Locomotive   Repair    Shops    and    Classification    Yard,    Lehigh    &    New   England    R.    R., 

Pen   Argyl,    Pa.*      (18)      June    10. 
Application   of   Ball   Bearings   to   Railway   Car   Journals.      O.    Bruenauer.      (Abstract 

of  paper   read  before  the   Illinois   Elec.   Rys.   Assoc.)       (17)      June   10. 
New  Interurban  and  Work  Cars  for  the  K.   C.  C.  C.  &  St.  J.  Ry.*      J.  N.  SpellmaB. 

(17)      June  10. 
Baltimore  &  Ohio  Adds   Second   Dynamometer  to   Car  ;   Diaphragm  Type   Instrument 

Indicates  Both  Pulling  and  Buffing  Forces,  and  is  Sensitive  to  Small  Variations. 

(14)      June    10. 
Operation   on   the   Baltimore   &   Ohio   Electrification.*      (17)      June   10. 
Electric  Locomotive  Drives.*      F.  H.   Shepard.      (17)      June  10. 
Heating    Boilers    for   Electric    Locomotives.*      (17)      June    10. 
Performance    of    Converted    Locomotives    on    the    Kansas    City    Southern    Ry.*      (18/ 

June    10. 
Report    on    Train    Brakes    and    Train    Air    Signals.*      (Report    of    the    Committee    on 

Train  Brakes  and  Train  Air  Signals  of  the  Master  Car  Builders'  Assoc.)       (15> 

June   15. 
Brake  Shoe  and  Brake  Beam  Equipment.*      (Report  of  Committee  of  the  Master  Car 

Builders'    Assoc.)       (15)      June    15;     (18)      June    17. 
Settlement    Prices    for    Reinforced    Wooden    Cars.      (Report    of    Committee    of    the 

Master  Car   Builders'   Assoc.)       (15)      June   15. 
Filling   Trestles   on    an    Electric    Railway.*      (13)      June    15. 
Report   on    Standards    and    Recommended    Practice.*      (Report    of    Committee    of    the 

Master    Car    Builders'    Assoc.)       (15)       June    15. 
Locomotive    Front    Ends,    Grates    and    Ashpans.      (Paper    read   before   the    Inter.    Ry. 

Fuel   Assoc.)       (47)      June    16. 
Grade  Crossing  Elimination  at  Cleveland.*      (15)      June  16. 
Where  German  Efficiency  Falls  Down.*      H.  W.  Faus.      (IS)      June   16. 
Accidents    at    Grade    Crossings    and    to    Trespassers.      Alex.    Gordon.       (Paper    rea^ 

before   the    Board   of   Supervisors   of    California.)       (15)      June    16. 
Report    of    the    Committee    on    Train    Lighting    and    Equipment    of    the    Master    Car 

Builders'    Assoc*      (15)      June   16. 
Report    of    Committee    on    Car    Wheels    of   the    Master    Car    Builders'    Assoc*      (15) 

June   16  ;    (18)    June  24. 
Report   of   the   Committee   on    Couplers   of   the   Master   Car    Builders'    Assoc*      (IS) 

June   16. 

•  Illustrated. 
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Report    of    Committee    on    Draft    Gear    of   the    Master    Car    Builders'    Assoc*      (15) 

June    16  ;     ( IH)    June    17. 
Lubricator  for  Locomotive  Air  Pumps.*      (15)      June  16. 
Report  of   Committee  on   Loading   Rules  of  the  Master  Car   Builders'   Assoc*      (15) 

June    16. 
Single     Grade-Crossing     Elimination     at     Pittsburgh     will     Cost     $750  000.*      (14) 

June   17. 
Report  of  the  Committee  on  Tank  Cars  of  the  Master  Car  Builders'   Assoc*      (IS) 

June  17. 
Self-Clearing   Triple   Hopper   Bottom    Gondola    Cars    for   the    Erie   Railroad.*      (18) 

June  17. 
Tie  Cars  for  the  Atchison,  Topeka  &  Santa  Fe  Ry.*      (18)      June  17. 
Electric   Operation   on   the   St.   Paul.*      A.   H.   Armstrong.      (17)      June   17. 
Fox  Type   Pressed  Steel   Pedestal  Trucks  for  Cars  and   Jjocomotive  Tenders.*      (18) 

June    17. 
Electric    Locomotive    Maintenance    on    Pennsylvania    Railroad.*      (17)      June    17. 
Apprehension    Regarding    the   National    Electrical    Safety    Code.      R.    J.    McClelland. 

(Ill)      June    17. 
Fundamentals    of    Signaling,    Automatic    Block   Signaling.      Kenneth    L.    Van    Auken. 

(18)      June    17. 
New  York  Elevated  Road's  Attitude  on   Train   Stops.*      (18)      June   17. 
Specifications    and    Tests    of    Materials.      (Report    of    Committee    of    the    Master    Car 

Builders'  Assoc)      (15)      June  17. 
As  the  Government   Interprets  Railroad   Depreciation.      (14)      June   17. 
Welding  of  Cast-Steel   Truck  Side  Frames   and   Bolsters.      (Report  of   Committee   of 

the  Master  Car   Builders'   Assoc.)       (15)      June   17. 
Tests   of   Passenger   Car   Radiators.      A.   J.   Wood.      (Paper   read   before   the   Master 

Mechanics'    Assoc.)       (15)      June    20. 
Dimensions   for  Flange  and   Screw   Couplings    for   Injectors.      (Report   of   Committee 

of  the  Master  Mechanics'  Assoc.)       (15)      June  20. 
Report   on   Standardization   of    Screw  Threads.*      F.    O.    Wells.      (Paper   read   before 

the  Master  Mechanics'   Assoc.)       (IS)    June   20;    (18)    June   24. 
Revision   of   Standards   and   Recommended   Practice.*      (Report  of   Committee   of   the 

Master  Mechanics'  Assoc.)       (15)   June  20;    (18)    June  24. 
Report  of  Committee  on   Mechanical   Stokers  of  the  Master  Mechanics'   Assoc.      (15) 

June  20 ;    (18)    June  24. 
Alloy  Steel  in  Locomotive  Design.     L.  R.  Pomeroy.      (Paper  read  before  the  Master 

Mechanics'   Assoc.)       (15)      June  21. 
Report  on  Equalization  of  Long  Locomotives.*      Committee  of  the  Master  Mechanics' 

Assoc.      (15)      June    21. 
Design,    Maintenance   and    Operation    of   Electric   Rolling    Stock.*      (Report   of    Com- 
mittee of  the   Master  Mechanics'    Assoc.)       (IS)      June   21. 
Design  and  Maintenance  of  Locomotive  Boilers.      (Report  of  Committee  of  the  Master 

Mechanics'  Assoc.)       (15)    June  21;    (18)   June  24. 
Report    on    Fuel    Economy    and    Smoke    Prevention.      (Report    of    Committee    of    the 

Master  Mechanics'  Assoc.)       (15)    June  21;    (18)    June  24. 
Report    of    Committee    on    Locomotive    Headlights    of    the    Master    Mechanics'    Assoc. 

(IS)      June    21. 
Report    on    Superheater   Locomotives.      Committee   of   the    Master    Mechanics'    .\ssoc. 

(15)    June   21  ;    (18)    June    24. 
Design  and   Materials  for  Pistons,   Valves,  Rings  and   Bushings.*      (Report  of  Com- 
mittee of  the  Master  Mechanics'  Assoc.)       (15)      June  21. 
Modernizing    of     Existing     Locomotives.*      (Report     of     Committee     of     the     Master 

Mechanics'  Assoc)       (15)      June  22;      (18)      June  24. 
Use    of    Powdered    Fuel    in    Locomotives.      (Report    of    Committee    of    the    Master 

Mechanics'   Assoc.)       (15)    June   22;    (18)    June  24. 
Specifications    and    Tests    of    Materials.*      (Report     of    Committee    of    the    Master 

Mechanics'  Assoc)       (15)      June  22. 
Costs   to   Build   Spur   Tracks.      (13)      June   22. 
Train    Resistance    and    Tonnage    Rating.*      (Report    of    Committee    of    the    Master 

Mechanics'   Assoc.)       (IS)    June   22;    (18)    June   24. 
Snowsheds  and  Tunnels  on  the  Great  Northern  Ry.*      (13)      June  22. 
A  New  Connecting  Link  of  the  Burlington.*      (15)      June  23. 
A  Graphic  Train   Sheet.     F.   W.  Rizer.      (15)      June  23. 
Well    Car   of   70   Tons   Capacity.*      (15)      June    23. 

Santa  Fe  Type  Locomotives  for  the  Texas  &  Pacific  Ry.*      (18)      June  24. 
A  Model  Hospital  Train.*     Alfred  Gradenwitz.      (46)      June  24. 
Car  Wheel  Flange  Design.*     Geo.  W.  Lyndon.      (Paper  read  before  the  Master  Car 

Builders'    Assoc.)       (18)      June    24. 
Automobile  Cars  for  the  Wheeling  &  Lake  Erie  R.  R.*      (18)      June  24. 
Railroad   Fire-Fighting   Apparatus   Used    in    Canada.*      (46)      June    24. 
Fuel  Oil   Installations  and   Equipment,    Florida   East  Coast  Ry.*      (18)      J-ine   24. 
Promotion   of   Fuel   Economy   on   the   Rock    Island    System.*      Carl    Scholt?.      (From 

the  Rock  Island  Employes'  Magazine.)       (18)      June  24. 
Rock  Tunneling  Without   the  Use  of   Explosives.*      (46)      June   24. 

*  Illustrated. 
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64  793    Miles   of   Railroad   now   Covered   by   Government;    Roadway    Parties   of   Divi- 
sion   of   Valuation,      Interstate    Commerce    Commission,    Inventory    23  18G    Miles 

in    Six   Months.      (14)      June   24. 
Four  Engineering  Innovations  on  the  Magnolia  Cutoff.*      Francis  bee  Stuart.      (13) 

June   29. 
Modern    Superheater   and    Its   Performance.      S.    S.   Riegel.      (Paper   read   before   the 

Central   Rv.    Club.)       (15)    June  30;    (25)    July. 
Steam   Railroad    Statistics   to   June    30,    1915.      (15)      June   30. 
The    Selection    of    Cross-Ties.      (87)      July. 
Empty  and   Load   Brake   P^quipment.*      Walter  V.   Turner.      (Abstract   of  paper   read 

before   the   St.    Louis   Railroad   Club.)       (25)      July. 
Rebuilding   Small .  Passenger   Stations.*      H.    F.    Haag.      (18)      July. 
A    Locomotive    Inspection    System.*      N.    M.    Barker.      (25)      July. 
Flood   Damage   to  Railroads   in    Iowa.*      (87)      July. 
Steel    Ore    Cars.*      (25)      July. 

Report  on  tli.e  Wreck  at   Bradford,   R.   I.      (18)      July   1. 
Equalization  of   Long  Locomotives.*      (Report  of  Committee  of  the  Am.   Ry.   Master 

Mechanics'    Assoc.)       (18)      July    1. 
Why    Electric    Headlights    Are    Ordered    by    the    Interstate    Commerce    Commission. 

(18)      July    1. 
Electrification  of  an   English  Freight  Line.*      (17)      July   1. 
Electric    Railways   in    Military    Service.      J.    B.    Bellinger.      (Abstract   of    paper   read 

before  the  New   York   Elec.   Ry.   Assoc.)       (17)      July   1. 
185-Foot  Fill  of  Bessemer  &  Lalie  Erie  Railroad  Reaches  Beginning  of  Last  Stage.* 

(14)      July    1. 
Electric  Traction  a  Success  on  C,   M.   &   St.   P.  Ry.*      (13)      July   6. 
Operation  of  St.  Paul  Electrification.*      (15)      July  7;      (111)      July  8. 
The  Railways  and  the  National  Guard.      Woodrow  Wilson.      (Letter  to  the  Am,.   Ry. 

Assoc.)       (15)      July    7. 
Store    Department    Buildings    (For   Railroads).*      (Report    of   the    Ry.    Storekeepers' 

Assoc.)       (18)      July    8. 
Mallet  Articulated  Locomotives  for  the  Baltimore  &  Ohio  R.   R.*      (18)      July  8. 
What  the  Government  Valuation  Division  is  Doing  and  How  the  Work  is  Handled.* 

C.  W.   Stark.      (14)      Serial  beginning  July  8. 
Developing  Carload   Freight  TrafHc  on   Illinois  Traction   System.*      (17)      July   8. 
A  Cast-Steel   Wheel   witli   Manganese  Tread   and   Flange.*      (17)      July   8. 
Foundation  Resilience  and  Rail  Corrugation.*     T.  Norman  Jones,  Jr.      (17)      .July  8. 
Platform   Shelters  of  Concrete  Unit  Construction.*      (13  )      July   13. 
First  Steel  Coaches  of  the  Boston  &  Maine.*      (15)    July  14;    (25)    July. 
Grade  Crossing  Elimination   in   Camden,   N.   J.*      (15)      July   14. 
New   Automatic    Block    Signals    on    the   Atlantic    Coast    Line.*      (15)      July    14. 
Triplex  Articulated  Locomotives   for  the  Erie.*      (15)      July   14. 
Failure  of  Government  Ownership  in  Canada.      Samuel  O.  Dunn.      (From  Journal  of 

Political   Economy.)       (15)      Serial   beginning   July    14. 
Testing    and    Adjusting    Track    Scales    by    the    Graphical    Method.*       C.    A.    Briggs 

(Paper  read  before  the  National  Scale  Men's  Assoc.)       (18)      July   15. 
A    Rapid    and    Accurate    Method    of    Cross-Sectioning    Tunnels.*      T.    H.    Robertson. 

(18)      July    15. 
Advances  Allowed  in   Eastern  Canadian  Freight  Rates.      (18)      July    15. 
Are    Old    Rails    Worth    Conserving.      John    Reinehr.       (Paper    read    before    the    Ry. 

Storekeepers'    Assoc.)       (18)    July    15;    (87)    July. 
Railroads     Will     Demand     Central     Station     Energy.*       Frederic     Nicholas.        (27) 

July   15. 
St.    Paul     is    Doing    Intricate    Track-Elevation    Work    in    Chicago    with    Company 

Forces.*      (14)      July    15    . 
Hydraulic   Excavation   of  a   Large  Cut  in   Cleveland,   Ohio,   Grade  Crossing  Elimina- 
tion.     C.    E.    Drayer.      (86)      July    19. 
Railway   Improvements  at  Clinton,    Iowa.      (13)      July  20. 
Railway     Regulation     Causes     Locomotor     Ataxia.      Frank     Trumbull.      (Paper     read 

before   the   National    Hay    Assoc.)       (15)      July    21. 
Lift   Bridges   at   a  Freight   Platform.*      (15)      July   21. 
Position    Light   Signals   on   the   Pennsylvania.      (15)      July   21. 
Car  for  the  Transportation  of  Live  Fish.*      (15)      July  21. 
Pacific  Type  Locomotives  for  the  Reading.*      (15)      July  21. 
L'Eclairage    Electrique    des    Trains.*      (33)      Feb.    12. 
L'Excavation   du   Tunnel   du   Mont  Royal   a   Montreal    (Canada).*      F.    Hofer.      {33) 

Apr.    29. 
Chariot-Transbordeur   a   Commande   Hydro-Electrique  de   la   Gare   de   Moor   Street,    a 

Birmingham    ( Angleterre)  .*      (33)      May   6. 
L'Equippement    des    Lignes    Aeriennes    Triphasees    des    Chemins    de    Fer    Electriques 

italiens.*      Carlo    Maurilio   Lerici.      (33)      May    13. 
L'Application  de  la  Condensation  sur  les  Locomotives  k  Vapeur.*      J.  Carlier.      (33) 

June  3. 
La  Ligne  de  Jonction  Athenes-Salonique  entre  Papapouli  et  Plati.*      (33)      June  10. 

*  Illustrated. 
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ChauffaKe    au    I'oussier    de    Touibe    d'uue,     Locomotive    ;\    Manhandises    de    I'Etat 

suedois.*      (33)      Juue    17. 
Comparaison  des  Speciflcatious  eii  Vigeur  pour  la  Fourniturc  des  Rails.*      A.  Goupil. 

(33)      July  1. 
Neuere    Studieu    iiber   die   Schwaukungeu    des    Kraftbedarfs   der   elektrischen    Zugfijr- 

dcrung.*      W.   Kuinmer.      (107)      Serial  beginning  Apr.   22. 
Kiuige    Krfahrungen    ini     Lehnenbau    an    der    Sudrampe    der    Lotschbergbahn.*      C. 

Andreae.      (107)      Serial  beginning  May  6. 
ner  elektrische  Betrieb  auf  den  Linien  des  Eugadin.*      H.  Haueter.      (107)      May  13. 
Die    Begrenzung    des    lichten    Raumes    und    der    Fahrzeuge    der    schweizer.    Normal- 

spurbalinen.*      R.    Winl<ler.       (107)      .June   3. 

Railroads,  Street. 

The    Construction    of    tlie    Porchester    Tunnels    Under    Fort    Point    Channel.*      A.    A. 

Cohill.      (109)      May. 
Power  Developments  for  Urban  Transportation.*      Clifton  W.  Wilder.      (9)      May. 
Rapid  Transit  Work  in  1915,  New  York  City.*      D.  A.  Sealey.      (13)      May  4. 
Special  Track  Layouts  Made  Interchangeable.*      Burr  S.  Waiters.      (17)      May   6. 
Latest    Connecticut    City    Cars.*      (17)      May    6. 
Rail    Joints.      R.    H.    Findley.      (Paper    read    before    the    Iowa    Gas,    Electric    Light. 

Street  and   Interurban   Ry.   Assoc.)       (17)      May   13. 
The   Building   and   Financing   of    Subwavs.      (Paper    read    before   the   Am.    Elec.   Ry. 

Assoc.)       (96)      May  18. 
One-Man,    Light-Weight    Cars.      W.    E.    Moore.       ( Paper    read    before    the    Pennsyl- 
vania  Street  Ry.   Assoc.)       (17)      May   20. 
Des   Moines   Front   and   Center-Door   Cars.*      (17)      May    20. 

Stepless  Double-Deck  Car  Introduced  in  Vienna.*      Ludwig  Spangler.      (17)      June  3. 
Equipment  Records  on  the  Binghamton   Railway.*      (17)      June  3. 
Some   Problems   of   the    Electric   Railway    Industry.      F.    W.    Doolittle.       (Paper   read 

before  the  New   England   Street   Ry.   Club.)       (17)      June  3. 
A  Method  of  Excavating  Deep  Cuts  to  Neat  Lines  (in  Subway  Construction).*      (86) 

June  7. 
Copper-Zone    System    Sustained,    Connecticut    Commission    in    Groton    &    Stonington 
Street   Railway   Case   Says   New   System   is   Improvement   Over   Old    Nickel-Zone 
System.      (17)      June    10. 
Design    and    Construction    of    the   Harlem    River    Four-Track   Subway    Tunnel.      (86) 

June  14. 
Energy    Saved    with    Roller    Bearings.      H.    A.    Johnson.       (Paper    read    before    the 

Illinois  Elec.  Rys.  Assoc.)       (17)      June  17. 
Roller   Bearings   for  Railway  Use.      Raymond   H.    Carhart.      (Paper   read   before   the 

Illinois    Elec.    Rys.    Assoc.)       (17)      June    17. 
New  Route  Signs  for  Denver.*      (17)      June  17. 
Storeroom    Systems.       A.    Schwarz.       (Abstract    of    paper    read    before    the    Central 

Elec.    Ry.    Accountants'    Assoc.)       (17)      June    24. 
Prospects   Poor  for   Seattle  Municipal   Lines.      (17)      June   24. 
Power    Generation    for    Electric    Railways.*      Henry    G.    Stott.       (Abstract    of    paper 

read   before  the   Am.    Elec.   Ry.   Assoc.)       (17)      June   24. 
A  New  Low-Floor  End-Entrance  Car.*      (17)      June  24. 
B.   J.   Arnold   Reports  on   Bay   State   Street  Railway.*      (17)      July    1. 
Investment  per  Revenue  Passenger  and  Density  of  Traffic*      D.   J.   McGrath.      (17) 

July  8. 
Electri' -Welded    Joints   Installed   at   Low   Cost    (on    Indianapolis   Railways).*      R.    J. 

Smith.      (17)      July  8. 
Single-Truck,    Arch-Roof    Cars    of    the    United    Traction    Company,    Albany.*      (17) 

July    8. 
Concreting  Track   in   Fort  Smith,   Ark.*      (17)      July   15. 
Special   Details  Are  Used   in   the  Design  of  Steel   Elevated   Structures   in   Brooklyn.* 

(14)      July    15. 
Reinforcing  Tubular  Poles   Internally.*      L.   L.  Foster.      (17)      July   15. 
Car-Lighting  Improvements  and  Costs  on  the  Los  Angeles  Railway.*      J.   L.   Clarke. 

(17)      July   15. 
Inexpensive  Excavation  by  Cleveland  Railway  Co.      (86)      July  19. 
Die  elektrischen   Stadtschuellbahneu   der   Vereinigten   Staaten   von   Nordamerika.      F. 
Musil.      (102)      Mar.   1. 

Sanitation. 

Intensive  Street  Cleaning  Methods.*      Richard  T.   Fox.      (4)      Mar. 

The   Extent   to  Which   Sewage  Can   Be   Purified   by   Practicable   Methods   of   Artificial 

Treatment   Now    in    Use.      Harrison    P.    Eddy.      (58)      Apr. 
The  Duties  of  a  Municipal  Engineer  and  Surveyor  in  Connection  with  Factories  and 

Workshops.      Frederick   Sadler.      (114)      No.    11,   Apr. 
Sewerage    in    the    Doncaster    Rural    District.*       Walter    R.    Crabtree.      (114)      No. 

12,  Apr. 
Sewage   Treatment   Plant.*      C.    Arthur   Poole.      (60)      May. 

*  Illustrated. 
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Sanitation—!  Contln  ued) . 

Diisposal  of  Municipal  Refuse.     Hiram  Phillips.      (115)      May. 

The  Transmissibility  of  Diseases,  and  the  Public  Health.     Alexander  Crever  Abbott. 

(3)      May. 
Results  of  First  Year's  Experiments  with  Small   Sewage  Treatment  Plants  by  U.   S. 

Public  Health  Service.      Leslie  C.   Frank.      (86)      May  3. 
Land  Drainage  Project  in  Northern  Minnesota.*      (13)      May  4. 
Imhoff  Tank  and  Dunbar  Filters  at  Ennis,  Tex.*      (13)      May  4. 
Reinsch-Wurl    Sewage   Screen,    Long   Beach,    Calif.*      B.   A.   Howe.      (13)      May   4. 
Miners'    Wash    and    Change    Houses.*      Joseph    H.    White.      (From    Technical    Paper 

110.    V.    S.    Bureau    of   Mines.)       (57)      May    5. 
Warm   Air  Heating   in   a   Northern   City.*      (101)      May   5. 
Small    Sewage    Pumping    Station    for    Park    Site,    Centrifugal    Pumps,    in    Duplicate, 

Serve  District  of  2  000  Population  in  West  Chester,  Pa.,  Control  is  Automatic* 

W.  De  Witt  Vosbury.      (14)      May  6. 
Grease  and  Fertilizer  Base  from  Boston   Sewage.     Robert  Spurr  Weston.      (Abstract 

from  Journal.   Am.   Public   Health   Assoc.)       (13)      May   11. 
Steel   Aqueduct  for   Sewer.*      (13)      May   11. 

Scarcity   of    Steel   Results    in    Plain    Concrete   for   Sewers.*      (13)      May    11. 
Torquay   Medical   and    Swimming   Baths.*      (104)      May   12. 
Furnace   Installation   Ordinance,   Columbus,   Ohio.      (101)      May    12. 
Plumbing  and   Heating   Details   of   Plunges.*      (101)      May    12. 
Electric    Drive    Replaces    Steam'    for    Drainage    Pumps.*       E.    J.    Hegerty.  (14) 

May   13. 
Making   Farm   Drainage  a  Matter  of   Public  Record.*      John  W.   Anderson.      (Paper 

lead    before    the    Iowa    Clay    Products    Mfrs.'    Assoc.)      (76)      Serial    beginning 

May    16. 
Time  Temperature  Curves  During  the  Salting  of  Some  Oil-Fired  Sewer-Pipe  Kilns.* 

F.   H.  Riddle  and  A.   L.  Gladding.      (Paper   read  before  the  Am.  Ceramic   Soc.) 

(76)      May    16. 
Vitrified    Clay    Segment    Blocks    in    Sewer    Construction.      J.    M.    Egan,    Jr.    (Paper 

read  before  the  Illinois  Soc.  of  Engrs.  and  Surveyors.)      (76)      May  16. 
Activated-Sludge  Process  on   Stockyards   Sewage.      Arthur   Lederer.      (13)      May    18. 
Tests   of  Effect  of   Method  of   Bending   Upon   the   Supporting   Strength   of   Drain   Tile 

and    Sewer    Pipe.*       N.    J.    Schlick.       (Paper    read    before    the    Iowa    Drainage 

Assoc.)       (91)      May   18. 
Remodeled    Steam   Plant   in    Southern    Hotel.*      L.   A.    J.      (101)      May    19. 
Corrugated    Culvert    Pipes    Tested    Under    a    Sand    Bed.*      George    L.    Fowler.      (17) 

May   20. 
Sewage  Screening  and  Sludge  Burning  Plant  Prevent  Sea  Shore  Nuisances  at  Long 

Beach,    Cal.*      (14)      May   20. 
Experimental     Studies     of     Strawboard     Waste     Purification.       Harry     B.     Hommon. 

(Paper  read  before  the  Indiana  San.  and  Water  Supply  Assoc.)       (86)      May  24. 
Some  Important  Details  of  Land   Drainage  Work.*      (13)      May   25. 
Activated  Sludge  Experiments  at  Milwaukee.     R.  O.  Wynne-Roberts.      (96)      May  25. 
Schemes   for   Heating   Small   Assembly   Hall.*      (101)      May   26. 
Sewage  and  Refuse  Disposal  at  Maiden  and  Coombe,   Surrey.     R.  H.   Jeffes.      (Paper 

read    before    the    Lower    Thames    Valley     District    Surveyors'     Assoc.)       (104) 

May  26  . 
The  Typhoid  Toll.*      George  A.   Johnson.      (59)      June. 

The   Latest   Method   of   Sewage  Treatment.*      Edward   Bartow.      (59)      June. 
Mosquito    Extermination    in    Panama    and    New    Jersey.*      Harold    I.    Eaton.      (109) 

June. 
Sewage   Disposal  by  the  Activated   Sludge   Process.      T.   Chalkley  Hatton.      (Abstract 

of  paper   read  before  the  Ontario   Health   Officers'   Assoc.)       (96)      June    1. 
Traveling   Sewage-Distributor   Changes,    Springfield,    Mo.*      Alexander    Potter.      (13) 

June   1. 
Modern   Plumbing  for  the  Country   Home.*      A.   H.   D.      (101)      June   2. 
Water   Heater   Systems.*      E.    S.    Stack.      (24)      June    5. 
Storing    and    Pumping    Sewage,    Manchester,    Mass.*       Charles    W.    Sherman.      (13) 

June  8. 
State-Wide    Clean-Up    of    Labor    Camps    in    California.*       J.    J.    Rosenthal.      (13) 

June  8. 
Plumbing   Equipment   in    Country   High    School.*      (101)      June    9. 
Report  of  the  Ventilation  Research  Committee  of  the  Institution  of  Gas  Engineers.* 

(66)      June  13. 
Sewage  Treatment   Works  for   Cities   on   Boundary   Waters.      Earl   B.    Phelps.      (86) 

June  14. 
Sewage    Treatment     Study     for    Niagara    Falls,     Ontario.*       H.     S.     Phillips.      (86) 

June  14. 
Positive   Fresh   Warm-Air    System    for   School.*      (101)      June    16. 
Hot  Water  System  in  a  Small  Farmhouse.      Poarco.      (101)      June  16. 
Conservation  of  Operating  Head  Controls  Design  of  Oaklyn    (N.   J.).  Sewage  Plant.* 

W.  De  Witt  Vosbury.      (14)      June  17. 
A  New  Dry-House.     R.   E.  Tremoureux.      (103)      June   17. 

*  Illustrated. 
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Sanitation-  (Continued). 

Puriflcatiou   of   the   Wastes   from   the   Finishing   of   Woolen   Goods.      H.   R.    Croburst 

and  .-v.   I).   We.ston.      (86)      June  21. 
Windsor   District   Sewage   Disposal.*      H.   C.   McRae.      (Abstract  from   Report  to  the 

Inter.    Joint   Comm.)      (96)      June   22. 
Grit  Chamber  and  Pump  Station,  Albany  Sewage- Works.*      John  H.  Gregory.      (13) 

Serial   beginning  June  22. 
Urgent  Need  of  Public   Comfort   Stations.      J.   J.   Cosgrove.      (Paper   read   before  the 

Eastern    Supply    Assoc.)       (101)      June   23. 
Equipment   of   Camps   in   Maine   Woods.*      (101)      June   23. 
Treharris   Pit-Head   Baths.*      (57)      June   23. 

Six-Mile  Sewer   Extension   Has   Sinuous   Course.*      (14)      June   24. 
Mammoth  Electric  Draglines  Dig  Diversion  Channels  and  Construct  Levees.*      (14) 

June  24. 
The    Proper    Ratio    of    Economy    Coils.      Walter    J.    Kline.       (Paper    read    before   the 

National   District   Heating  Assoc.)       (64)      June   27. 
Low  Cost  Comfort   Stations  in   Indiana  Parks.*      (101)      June  30. 
Methods  Adopted  for  Heating  a  Town.*      (101)      Serial  beginning  June  30. 
Direct     Heating    in     Store    and     Lodge     Building.*       Charles     L.     Hubbard.      (101) 

June  30. 
The  Element  of   Chance   in    Sanitation.*      George   C.   Whipple.      (3)      July. 
Central    Station    Steam    Heating   by    Miles    City,    Montana,    Municipal    Plant.      G.    C. 

Pruett.      (60)      July. 
Steam   Requirements  for  Power  and  Heating.      Charles  L.   Hubbard.      (9)      July. 
Modern  Air  Facts  Relating  to  Air  and  Ventilation   in  Relation'  to  Health.      John  F. 

Norton.      (19)      July    1. 
Sanitary   Conveniences   for    Soldiers.*      (101)      July   7. 
Installation  of  Driving  Equipment  for  Fans.     H.  Bard.      (101)      July  7. 
Cleveland  Street  Railway  Flushes  City  Streets  ;   Car  with  4  488-Gallon   Tank  Cleans 

4  850   Feet   of   One   Side   of   Street   in    12   Minutes   with    One   Filling   of   Tank.* 

H.  C.  Ebeling.      (14)    July  8;    (17)    July  8. 
Misuse  of   Drainage   Systems   as    Sanitary    Sewers.      Lafayette   Higgins.      (From   the 

loiva    Enqineer.)       (19)      July    8. 
Steel    Wall    Forms    for    Imhoff   Tank   Construction    at    Columbus    Sewage    Treatment 

Plant.*      (86)      July    12. 
Final  Report   on   Elmhurst   Disposal   Plant.      (13)      July   13. 
.'imherstberg,    Ont.,    Sewage    Disposal.      H.    C.    McRae.       (Abstract    from    Report    to 

the   Inter.   Joint   Comm.)       (96)      July   13. 
Kansas     Experience    in     Running     Small     Sewage-  Works.       F.     M.     Veatch.      (13) 

July   13. 
Sewage-Testing  Station   Report  Limits  Processes.      (14)      July   15. 
Gas  Would   Supply  Temperature  Necessary   to   Keep   Air   in   Factories   Ventilated   by 

the    Natural    System,    Within    Permissable    Limits.      (24)      July    17. 
Land  Drainage  Project  in  Florida.      (86)      July  19. 
Gantry  Cranes  Work  on  Sewer  at  Salt  Lake  City.*      (13)      July  20. 
Air-Diffuser    Experiences    with    Activated    Sludge   Tanks.      (13)      July    20. 
Vapor   Heating    Systems    and    Equipment.*      Charles    A.    Fuller.      (101)      Serial    be- 
ginning  July    21.  .        „  ^     , 
Arbitration   by  Engineers  Saves  Time  and  Money  in   Sewer- Valuation  Case.     Farley 

Gannett.      (14)      July  22.  ...... 

Separate    Sludge    Digestion    Improves    Imhoff-Tank    Operation    by    Keeping    Sewage 

Fresh.*      Karl   Imhoff.      (14)      July   22. 
La  Construction  et  I'Organisation  des  Camps  d'Internes  beiges  en  Hollande ;   Organi- 
sation de  I'Eiiseignement  dans  ces   Camps.*      C.   Lemaire.      (33)      July   1. 
Die   Sendric-Heiz-   und   Kuhlapparate.*      M.    Hottinger.      (107)      June    3. 

Structural. 

Pit-Timber   and   Its   Preservation.      Percy   Groom.      (Paper   read   before  the   Midland 

Inst,  of  Min.   Civ.   and  Mech.  Engrs.)       (106)      Vol.   51,   Pt.   2. 
The  Web  Strength  of  I-Beams  and  Girders.*      H.   F.  Moore.      (4)      Mar. 
Wire   and   Wire   Rope.*      (98)      Apr. 
Practical    Applications    of    Statically    Inderterminate    Constructions.*       W.    T.    Hol- 

tappel.      (2)      Apr. 
New   and    Cheap    Building   Materials    for    Cottages.      H.    L.    Paterson.      (Paper    read 

before    the    National    Congress    on    Home    Planning    After    the    War.)       (104) 

Apr.   28. 
The   Mathematical   Theory  of  the  Elastic   Arch.      Willis   Whited.      (58)      May. 
The    Practical    Chemistry    and    Modern    Manufacture    of    Portland    Cement.      Geo.    P. 

Diekmann.      (55)      May. 
Effect   of  Rust  on   the  Rate   of   Corrosion.      James   Aston.       (Paper    read   before   the 

Am.    Electro-Chemical    Soc.)       (62)      May. 
Slide   Rules   for   Reinforced    Concrete   Design.*      E.    F.    Rockwood.      (109)      May. 
On    Deformation    Limit    of    Plastic    Materials,     Limiting    the    Blame    for    Cracking 

and   Fracturing  of   Steel    Under   Rolling   and   Forging,    Showing   the   Mechanical 

Factors   Concerned    in   the   Disturbance   of   Steel    Structures.*      (116)      May. 

*  Illustrated. 
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Structural— (Continued). 

How    to    Solort    Industrial    Steels.      Arthur    E.    Paige.      (9)      May. 

A  Hargaiu  in  Homes.  George  W.  Ritchie.  (Paper  read  before  the  Am.  Face  Brick 
Assoc.)       (76)      May   2. 

Heavy  Concrete  Beams  Used  in  Rebuilding  a  Theater.*  Layton  F.  Smith.  (13) 
May    4. 

Piledriving   Details  on   the  Yolo   Bypass  Trestle.*      (13)      May   4. 

Cornice  Runways  for   Swinging  Scaffolds   from   Buildings.*      (13)      May   4. 

The  Corrosion  of  Metals.  William  E.  Gibbs,  Richard  H.  Smith  and  Guy  D.  Ben- 
gough.       (Report   to  the   Institute   of   Metals.)       (47)      May   5. 

Physical  and  Mechanical  Factors  in  Corrosion.  Cecil  H.  Desch.  (Paper  read 
before   the    Faraday    Soc.)       (19)      May    6. 

Warehouse  Crane  Runways  Carried  on  Wall  Brackets,  New  Orleans  Cotton  Build- 
ings Designed  with  Reinforced  Concrete  Walls  to  Resist  Heavy  Lateral  Pressure 
and  Carry   Crane  Loads.*      (  14)      May   6. 

Methods  and  Equipment  Used  in  Constructing  the  Methodist  Book  Concern  Build- 
ing.   Ciniinnati,    O.*      (86)      May    10. 

Discussion  of  Conductor  Heads  for  Roof  Drainage.*  Albert  M.  Wolf.  (13) 
May    11. 

Testing  of  Chains.      G.    S.   Taylor.      (Abstract.)       (47)      May   12. 

Test  of  Mushroom  Flat  Slab  in  Seattle  Warehouse  Shows  High  Local  Stress.* 
D.    E.    Hooker.      (14)      May    13. 

Riveted  Joints  Being  Tested  by  Series  of  Simple  and  Accurate  Mirror  Extenso- 
meters.*      (14)      May   13. 

An    Ideal    Nest    Built    with    Hollow    Tile.*      (76)      May    16. 

Slag  Portland  Cement.  B.  J.  Day.  (Paper  read  before  the  Institution  of  Engrs. 
and    Shipbuilders    in    Scotland.)      (96)      May    18. 

Pressure  of  Wet  Concrete  on  the  Sides  of  Column  Forms.*  A.  B.  McDaniel  and 
N.    B.    Garver.      (13)      May    18. 

Building  Concrete  Lighthouse  on   Brandywine  Shoal.*      T.   J.  Rout.      (13)      May   18. 

New    Housing   Development   at   Worcester.*      W.    E.    Freeland.      (20)      May    18. 

Wood  Sheet  Piles  Jetted  into  Hard  Pan  with  400  Pounds  Pressure.*  K.  D.  Mac- 
Lean.      (14)      May    20. 

Methods  Used  in  Re-Levelling  a  200  000  Cu.  Ft.  Gas  Holder.  A.  R.  Schiller. 
(Paper   read   before  the  New   England   Assoc,   of   Gas   Engrs.)       (86)      May    24. 

Spacing  of   Shear  Steel   in  Concrete   Beams.*      Robert  S.   Beard.      (13)      May   25. 

Coating  Steel  at  Grand  Central  Terminal  with  Cement  Gun.*  W.  F.  Jordan.  (13) 
May   25. 

How  to  Make  Concrete  Resist  Action  of  Sea  Water.  W.  Watters  Pagon.  (Abstract 
from  Journal,  Engrs.  Club  of  Baltimore.)       (14)    May  27;    (86)    May  24. 

Steel  Skeleton  of  Bell  Parkway  Building  Contains  Heavy  Portal  Framing.*  (14) 
May  27. 

Penetration  of  Preservatives.      Lowrie  Smith.      (87)      June. 

Portland    Cement.*      George   A.   Rankin.      (3)      June. 

Building   the   Factory.*      John   T.    Klaber.      (9)      June. 

The  Yale  Bowl.*      Thomas  C.  Atwood.      (109)      June. 

The    Painting   of    Iron    and    Steel.*      James    Scott.      (21)      June. 

Government  Reports  Elaborate  Concrete  Strength  Data.  (Abstract,  Technologic 
Paper  No.  58.  U.   S.  Bureau  of  Standards.)       (13)      June   1. 

Steel  Castings  and   Physical   Properties.*      Edwin  F.   Cone.      (20)      June  1. 

The  Relative   Value   of   Different    Fire   Extinguishers.*      (12)      June    2. 

New  Hospital   for  the   Illinois   Central   R.  R.   at   Chicago.*      (18)      June   3. 

New    Trench-Excavation    System.*      (13)      June    8. 

Strength  of  Burnettized  Timber  to  be  Studied.*      J.   M.   Barker.      (13)      June   8. 

Two   Buildings   Carried   Over  a  Railway   Tunnel.*      (13)      June    8. 

Large   Reinforced-Concrete   Mat    Building-Foundation.      (13)      June    8. 

The  Cement   Gun.*      (11)      June   9. 

Simple  Nickel  Steels.  Henry  D.  Hibbard.  (From  Bulletin,  V.  S.  Bureau  of  Mines.) 
(47)      Serial    beginning   June    9. 

Heavy  Vault  Floor  Framed  into  Existing  Columns  in  Basement  of  Equitable  Build- 
ing.*     (14)      June    10. 

Modern   Ideas  on  Fireproof   Construction.*      S.   M.  Fechhelmer.      (82)      June   10. 

Compares  Results  of  Tests  on  Three  Types  of  Reinforced-Concrete  Building  Floors. 
D.  E.  Hooker.  (Abstract  of  paper  read  before  the  Pacific  Northwest  Soc. 
of  Engrs.)       (14)    June   10:    (13)    May   25. 

Invar  and  Related  Nickel  Steels,  Materials  Having  Peculiar  Properties  of  Value 
for  Scientific  Instruments.      (19)      June  10. 

The  New  Technology.*      (72)      June   15. 

Tests   Show   Earth    Pressure   One-Half   Hydrostatic*      (13)      June    15. 

Diflicult  Chimney  Ftoundation  Tested  After  Completion.*      (13)      June   15. 

Reinforced-Concrete  Stairway  for  Hillside  Footway.*      R.  F.   Odell.      (13)      June  15. 

Lutes  and  Cements.  S.  S.  Sadtler.  (Abstract  of  paper  read  before  the  Am.  Inst, 
of    Chemical    Engrs.)       (47)      June    16. 

*  Illustrated. 
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The  Critital   Speeds  of  Shafts.*      W.   M.   Wallace.      (12)      Serial   beginning  June  16. 

Swinging    Cargo   Hoist    Beams.*      (14)      June    17. 

.Artifii-ial  Seasoning  of  Timber.     Ollison  Craig.      (Paper  read  before  the  Eug.  Assoc. 

of  the  South.)       (19)      June  17. 
Efflcienry    in    Bridge   and   Building   Work.*       (Report   of   Committee   of   the   Am.   Ry. 

Bridge  and   Bldg.   Assoc.)       (18)      June  17. 
Largest  Panel-Testing  Furnace  in  this  Country  Constructed   at  Washington.*      (14; 

June   17. 
Test  Compounds  for  Making  Wood  Fire  Retardant.      (14)      June   17. 
Mountain-Top    Foundations    Support    Huge   Telescope.*      (14)      June    17. 
How  to  Build  a   Hollow  Tile  Silo.*      (76)      June   20. 

Tremie  Plant  for  Concreting  Subaqueous  Pedestals.*      Kirby  Smith.      (13)      June  22. 
Long-Span  Howe  Trusses  Fail.*      (13)      June  22. 

Concrete  Piles   100  Ft.   Long.*      (Abstract   from   Concrete  and  Constructional   Engi- 
neering.)      (13)      June    22. 
Test  of  Adhesion  of  Face  Tile  to   Concrete  Backing.*      (13)      June   22. 
Bracket-Loads    on     Columns    of     Constant    Cross-Section.*       William     Dunn.      (11) 

June  23. 
Specifications   Cover   Grade   A   Office  Building ;    New  Requirements   of   National   Fire 
Protection    Association    Compared    with    Those    for    Standard    Building.      (14) 
June   24. 
One   Thousand    Steel    Specifications   Reviewed.      R.    Fleming.      (14)      June    24. 
Engineers  and  Architects  Want  Branded  Timber.     Frank  D.  Chase.      (14)      June  24. 
Diagrams  for  the  Design   of  Reinforced   Concrete  T-Beams.      M.   A.    Drucker.      (86) 

June  28. 
Concrete  Plant  Handled  on   Four  Freight  Cars.*      (13)      June  29. 
Malleable  Iron,   Its  Characteristics,  Uses  and  Abuses.     Enrique  Touceda.      (Abstract 

of  paper  read  before  the  Pittsburgh  Ry.   Club.)       (47)      June   30. 
How    Curing    at    Low    Temperatures    Affects    Concrete.*       A.     B.    McDaniel.      (67) 

July. 
Grape-Vine  Posts  of   Concrete.*      (67)      July. 

The  Effect  of  Sulphur  in  Rivet  Steel.*      J.   S.   Unger.      (116)      July. 
1450-Ton   Apartment  House   Moved   80   Feet   on   High   Cribbing.      (14)      July    1. 
Large   Columns   of   Carbon    and   Alloy    Steels    Fail    Near   Yield    Points    of    Material.* 

J.  H.  Griffith  and  J.  G.  Bragg.      (14)      July  1. 
The  Rusting  of  Iron  and  Some  Methods  for  Its  Protection.      (From  Motorschiff  und 

Motorboot.)       (19)      July    1. 
Load  Test  of  Concrete   Floor  Cracked  by   Settlement.*      J.   H.   Byrd.      (13)      July   6. 
Japanning  in  Tumbling  Barrels.     T.  P.  Archer.      (72)      July  6. 
Bond  and   Shear  in   Reinforced  Footing  Offsets.*      Clifford  Older.      (13)      July   6. 
Weak  Retaining  Wall   Saved  by  Anchored  Buttresses.*      (13)-     July   6. 
Standard  Test  Specimens  of  Zinc-Bronze.*      C.  P.  Karr  and  H.   S.  Rawdon.      {Bulle- 
tin, U.  S.  Bureau  of  Standards.)       (47)      July  7. 
Concrete   Floors   in  the   Home.      (19)      July   8. 
The    Nation's   Research    Laboratory,    How    the    Bureau    of    Standards    Is    Helping    Us 

to   Do  Without   Europe.*      (46)      July   8. 
Crystallization    in    Cold-Worked    Steel.*       Ralph    H.    Sherry.       (Abstract    of    paper 

read    before   the    Soc.    of    Automobile    Engrs.)      (20)      July    13. 
Details  of  Roof-Arch   Collapse  in   Atlanta.*      (13)      July    13. 
City  Engineer  Defines  Quality  of  Lumber  to  tfse.      (14)      July   15. 
New  Freezing  and  Thawing  Apparatus   Is  Automatic.      (14)      July   15. 
Test  Concrete  Cured   Under   Freezing   Conditions.*      (14)      July    15. 
The  New  Cement  Specifications,  the  Changes  Made  and  the  Reasons  Therefor.     R.  J. 

Wig.      (14)      July    15. 
Heavy  Wire  Rope  Tested   at   Bureau  of   Standards.*      (14)      July   15. 
Excavation    and    Embankment    Construction     in    Building    the    Yale     Bowl.        (86) 

July   19. 
Largest   Dredging  Caisson   Sunk   as   Building  Foundation.*      (13)      July   20. 
Salvaging  a  Flooded  Pumping  Plant  in  California.     Roy  A.   Silent.      (13)      July  20. 
New  Tests   of   Boiled   Joints   in   Timber  Framing.*      H.    D.    Dewell.      (13)      July    20. 
Subway    Columns    and   Girders    Designed    to    Support   Future    High    Office    Building.* 

(14)      July   22. 
Give  Skin-Friction  Data  on  Shaft  Sinking  in  Chicago.      (14)      July  22. 
Comfortable  Houses  Hold  Men   at  Construction   Camp.*      (14)      July   22. 
Largest    Bridge   Caissons   Rivaled   by   Timber   Crib   Sunk   in    Free  Air    in    34    Days  * 

(14)      July   22. 
Importance  de  I'Alesage  des  Trous  de  Rivets  Dangereux  Defaut  de  Certains  Metaux. 

M.    Mesnager.      (43)      July,    1914. 
Les  Arenes  Athletiques  du  College  de  New- York.*      (33)      May  6. 
Das  Problem  des  Industriebaues.*      Bruno  Bauer.      (53)      Serial  beginning  Apr.    14. 
Die  deutschen  Vorschriften  fur  Ausfiihrung  von   Bauwerken  aus  Eisenbeton.      ( 107) 
Apr.   22. 

•  Illustrated. 
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Topographical. 

Const riu't ion  of  an  Unusual  Relief  Map  for  Los  Angeles  Aqueduct.*      Burt  C.  Heinly. 

(S6)      May  24. 
The  Mathematics  of  Vertical    Curves.      Leonard   C.    Jordon.      (86)      June   7. 
Autographic   Cross-Sectioning  by   a   New   Instrument.*      John   Airey.      (13)      June   8. 
Ingenious   Special   Devices   for   Tunnel    Surveys.*      (13)      June   15. 
Precise- Level    Survey    of    the    City    of    Portland,    Ore.*       W.    P.    Hardesty.        (13) 

July    13. 
Instrument  Plots   Profiles  of   River  and   Harbor   Beds.*      (14)      July   22. 
Surveying  1000  Square  Miles  with  the  Camera.*      (14)      July   22. 

Water  Supply. 

Improvements    in    the    Art    of    Mechanical    Filtration.*      Thos.    Fleiaing,    Jr.       (58) 

Jan. 
Red    Water   and    Suggested    Remedies.      Nicholas    S.    Hill,    Jr.      (8)      Apr. 
Water-Pressure    Regulating    Apparatus.*       (11)      Apr.    28. 
The   Solid    Piston    Humphrey    Pump.*      (12)      Apr.    28. 
Water    Rights    as    a    Liability.       (From    Report    of    R.    R.    Comm.    of    California.) 

(Ill)      Apr.    29. 
The  DeMgn  and  Test  of  a  Large  Reclamation  Pumping  Plant.*      G.  C.   Noble.      (55) 

May. 
The   Evolution    of   Low    Lift    Pumping   Plants    in   the   Gulf    Coast    Country.*      W.    B. 

Gregory.      (55)      May. 
The   Waldeck  Reservoir   in   Germany.*      Kenneth   C.   Grant.      (98)      May. 
Relation   of  Water   Power   to   Transportation.      Lewis    B.   Stlllwell.      (42)      May. 
Prevention    of    Corrosion    in    Pipe.      F.    N.    Speller.       (Paper    read    before    the    Am. 

Soc.   of   Heating  and   Ventilating   Engrs.)       (25)      May. 
Water    Power    Development    and    the    Food    Problem.      Allerton    S.    Cushman.      (42) 

May. 
Water   Power   and    Defense.      W.   R.   Whitney.      (42)      May. 
Electrochemical  Industries  and  Their  Interest  in  the  Development  of  Water  Powers. 

Lawrence   Addicks.      (42)      May. 
The    Water    Power    Situation,    Including    Its    Financial    Aspect.      Gano    Dunn.      (42) 

May. 
Winter   Operation    of   Water   Works    at    Miles   City,    Montana.      G.    C.    Pruett.      (60) 

May  ;    (86)    May  10. 
The    Reconstruction     of    the     Municipal    Water    Works,     Cambridge,     Ohio.     W.     J. 

Sherman,    M.   Am.    Soc.    C.    E.      (109)      May. 
The  Arrowrock  Dam.     H.  A.   Lawson.      (115)      May. 

The    Power    Development.      I.    R.    Edwards.       (Paper    read    before   the   Am.    Electro- 
chemical   Soc.)       (105)      May   1. 
Self-Cleaning   Flume   Screen.*      (13)      May  4. 

Water-Supply  of  500  000  Gal.  Daily  from  River  Springs.*      (13)      May  4. 
Excavation    for   the    Baldwin    Reservoir,    Cleveland.*      (13)      May    4. 
Deep    Bore- Wells    for    Public    Water    Supply    Purposes.*       W.    H.    Maxwell.       (12) 

May    5. 
British     Columbia     Mining     Hydro-Electric     Plants.*        Frank     C.     Perkins.        (82) 

May   6. 
Huge   Circular   Reservoir   in    Dubuque   Protects   Congested-Value   Business    District.* 

Dabney   H.   Maury.      (14)      May   6. 
The    Medlow    Dam.*      Percy    Allan.      (From    the    Commonwealth    Engineer.)       (Ill) 

May   6. 
Filtration   of  Softened  Water.      F.  F.  Vater.      (64)      May  9. 
Measuring  the  Water  Used   in   Power-Plant   Tests.*      Charles   G.   Richardson.      (64) 

May  9. 
Experience    in    the    Chlorination    of    Milwaukee's    Water    Supply.*      H.    P.    Bohmann. 

(86)      May    10. 
Building  a   Big  Dam   in   Wilds.*      (13)      May   11. 
Water  Intake  Screens  for  Mill  Power  Plant.*      (20)      May  11. 

Power    Possibilities   of   Federal    Irrigation    Projects.      A.    P.    Davis.      (13)      May    11. 
Water   Main   Cleaning   at   Bodmin.      (104)      May    12. 
Waterpowers   Not   a   Liability.      C.    E.   Grunsky.      (Ill)      May   13. 
Feasibility   of    Electrochemical    Industries    at   the   Dalles,    Oregon.*      O.    F.    Stafford. 

(Ill)      Serial   beginning   May    13. 
Traveling   Screens    at   Northwest.*      Thomas   Wilson.      (64)      May    16. 
Advocates   Private   Development  of   Water   Power.      (Discussion   before  the   National 

Conservation    Congress.)       (64)      May    16. 
Liquid    Manometers   for   Light   Pressures.*      R.    S.    Bayard.      (64)      May    10. 
Handling  of  Water  Main  Extension   Projects  at  Washington,   D.   C.      (86)      May   17. 
Railway     Electrification    and    Cheap    Water    Power.*       Water     Power    Development 

Association.      (86)      May    17. 
Rapid   Tunneling   in   Brazil.*      J.   C.   Balcomb.      (13)      May   18. 
Saskatchewan   Water   Commission.      (96)      May    18. 
Building  Los  Angeles  Aqueduct  Irrigation  System.     Burt  A.  Heinly.      (13)      May  18. 

*  Illustrated. 
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Water  Supply— (Continued). 

Steel    Reiiiforcrd   Concrete   Pipes.*      (12)      May   19. 

Present   Status  of  the   Water-Power  Situation.*      H.   W.   Buck.      (27)      May   20. 

Proposed   Co-operation   in   Muscle   Shoals   Project   Unjustly   Criticised.*      H'.   Burgess. 

(14)      May   20.      . 
A  Salt-Water  Pumping  Plant.*      (64)      May  23. 
Covered   Reinforced-Concrete   Reservoir,    Hlbbing,    Minn.*      R.    B.    McDonnell.      (13) 

May    25. 
New  Water  Tunnel  at  Chicago.*      (13)      May   25. 
Failure  of  Diversion   Dam  on   Salt  River   Project.*      (13)      May   25. 
Location   Survey   Methods   for    Irrigation   Canals.      (13)      May   25. 
Diagram    for    Full    Comparison    of    Hydraulic    Turbines.*       Robert    E.    Horton    and 

Walter    C.    Pomeroy.      (13)      May    25. 
The    Discharge    from    Vertical    Pipes.*      C.    E.    Grunsky.       (Abstract    of    paper    read 

before  the  Technical  Soc.  of  the  Pacific  Coast.)      (96)      May   25. 
Pacific   Coast    Hydroelectric    Development.      John    Harisberger.       (Paper    read    before 

the  National   Elec.   Light  Assoc.)       (Ill)      May   27. 
Stop   Slides  by   Releasing  Accumulated   Water   at   Bulls   Bridge   Hydroelectric    Plant. 

Charles    Rufus    Harte.      (14)      May    27. 
Pumping   Water    for    Irrigation.      Louis    Schmeer.      (86)      Serial    beginning    May    31. 
Lining  the   Wilson   Avenue   Water   Supply   Tunnel   at   Chicago   by   Pneumatic   Mixing 

and    Placing.*      (86)      May    31. 
Method  Employed  in  Laying  a  16-in.  Cast  Iron  Pipe  Across  a  River  at  Binghamton, 

N.    Y.      Frank    C.    Perkins.      (86)      May    31. 
Considerations    in    Determining    the    Point    of    Application    of    Liquid    Chlorine    in 

the   Disinfection   of   Water    Supplies.      Francis   F.    Longley.      (86)      May   31. 
Irrigation    Projects    in    Oregon  ;    Outline   of    Several    Developments    Now   Under   Con- 
sideration.   John  H.  Lewis.    (Paper  read  before  the  Oregon  Irrigation  Congress.) 

(86)      May   31. 
The  Selection,  Installation  and  Test  of  a  1  000  000-Gallon  Motor  Driven  Centrifugal 

Pump.*      S.    R.    Blakeman.      (59)      June. 
Water   Works    Reservoirs.*      Dabney    H.    Maury.      (59)      June. 
Pumping    Machinery    Test,    Duty    i:.s-.    Operating    Results.*       J.    N.    Chester.       (59) 

June. 
Copper    Sulphate   Treatment   of    St.    Paul,    Minnesota,    Water    Supply.*      N.    L.    Huff. 

(59)      June. 
Some  Aspects  of  Chlorination.*      Joseph   Race.      (59)      June. 
The  Bubbly  Creek  Water  Softening  Plant.     C.  A.   Jennings.      (59)      June. 
Successful    Water    Softening    and    What    it    Costs    the    Village    of    Hinsdale.      C.    B. 

Williams.      (59)      June. 
Water    Softening    by    Filtration    Through    Artificial    Zeolite.*       Daniel    D.    Jackson. 

(59)      June. 
The   Water   Supplies   of   Interstate   Common    Carriers   on   the   Great   Lakes.*      H.    P. 

Letton.      (59)      June. 
Improvements   to  the   Water   Supply  of  St.   John's,    Newfoundland.*      F.    F.   Longley. 

(59)      June. 
Tropical    Water   Supplies,    with    Special    Reference   to    the   Canal    Zone    and    to    Vera 

Cruz,  Mexico.*      James  T.  B.  Bowles.      (59)      June. 
Driven  Well   Supply  of  Muscatine,   Iowa.      William  Molls.      (59)      June. 
Difficulties   in   the  Designing   and  Operation   of   Medium   Sized   Water   Works    Plants. 

E.    B.    Black.      (59)      June. 
Interpretation  of  Water  Works  Accounts.*      Mark  Wolff.      (59)      June. 
Tests   of   Loss   of    Head   in    Strainers,    Orifices   and    Sand.*      Langdon    Pearse.       (59) 

June. 
Pressure  Filters.     Harold  C.  Stevens.      (59)      June. 
Further   Development  of   Iron   Removal   Plant   and    Storage.      F.    C.    Amsbary.      (59) 

June. 
Determination  of  the  Value  of  Fire  Protection  Afforded  by  the  Queens  County  Water 

Company.*      Joseph   Goodman.      (59)      June. 
The  Use  of  Oil  Engines  for  Pumping.      C.  R.  Knowles.      (59)      June. 
Full    Meterage    of    Water    Supply    at    Miles    City,    Montana.       G.    C.    Pruett.      (60) 

June. 
The  Prevention  of  Water  Waste  on  Railroads.*      C.  R.   Knowles.      (59)      June. 
Enlarging  a  Deep  Well.*      (87)      June. 
Wood  Stave  Pipe  Construction.*      (60)      June. 
Water     Equalization     between    Distant    Standpipes.*      Charles     W.     Sherman.      (13) 

June  1. 
Lining    Hill    View    Reservoir    with    Concrete    and    Riprap.*      Arthur    W.    Tid.      (13) 

June  1. 
Concrete  Railway  Water  Tanks,  Eleven  Years  Old.*      (13)      June   1. 
Winnipeg    River    Power    and    Storage    Inveatigations.      T.    H.    Hogg.       (From    Water 

Resources  Paper  No.  3  of  the  Dominion  Water  Power  Branch.)       (96)      June  1. 
Public  Water-Works  Financing.*      W.   L.   Butcher.      (13)      June  1. 
Spring  Water  for  Fort  Huachuca.*      (13)      June  1. 

*  Illustrated. 
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Water  Supply— (Contiaaed). 

Pumping  from   Deep  Wells   into  Water  Mains  at  Memphis.*      (13)      June  1. 

Waterproofing  a  Concrete  Tank  with  the  Cement  Gun.*  N.  F.  Ambursen.  (13) 
June  1. 

Steel   Dam   Eighteen  Y«ars  Old   Still  Well  Preserved.*      (13)      June  1. 

Long  Straight  Steel  Flumes.*      (13)      June  1. 

Old  Pipe  Relaid  for  Galveston's  Submerged  Line.*  E.  B.  Van  de  Greyn.  (14) 
June  3. 

Colloidal  Theories,  Applied  to  Colored  Water,  Reduce  Cost  of  Chemicals.*  George 
F.  Catlett.      (14)      June  3. 

Meter  Maintenance  and  Repair  Systematized  in  East  Orange,  N.  J.,  Water  Depart- 
ment.*     ( 14)      June  3. 

New  Water  Supply  for  Small  Town  Involves  Earth  Dam,  Filters  and  Pipe  Line.* 
James   P.  Wells.      (14)      June  3. 

Efficiency  of  59  Per  Cent.   Obtained  with  Air  Lift.*      (14)      June   3. 

Chlorine  Gas  Reduced   Water  Sterilizing  Costs.      C.   O.  Johnston.      (14)      June   3. 

Gives   Cost  of   Concrete   Lining  Laterals  on  Average  Job.      (14)      June   3. 

Twin-Tube  Venturi  Meter  Aids  Water  Waste  Detection.*  Francis  F.  Longley. 
(14)      June  3. 

Water  Saved  in  100-Per  Cent.  Metered  City.*      (14)      June  3. 

Irrigation   Headworlts  Repair  and   Dam   Failure.*      W.   G.   Bligh.      (13)      June  8. 

Plattsburg  Dam  Goes  Out*      (13)      June  8. 

Irrigation  Surveys  and  Inspections.*  (Abstract  from  Report  of  the  Irrigation 
Branch  of  Canada.)       (96)      June  8. 

Use  of  Motors  in  Large  Tunnel  Construction  Work  (in  Water  Supply  Tunnel  for 
Chicago).*      (27)      June   10. 

Are  Rock-Fill  Dams  Safely  Designed?  'WTiat  Failure  of  Lower  Otay  Dam  Teaches. 
George   S.    Binckley.      (14)      June  10. 

Merced   Falls  Low  Head  Hydroelectric   Plant.*      A.   S.  Kalenborn.      (Ill)      June   10. 

Practical  Methods  of  Measuring  Flowing  Water.  C.  O.  Wisler.  (Paper  read  before 
the  Michigan  Eng.  Soc.)       (86)      June  14. 

Driving  a  Well  to  the  Trinity  Sands  at  Dallas,  Texas.*  Ernest  L.  Myers.  (Paper 
read  before  the  Southwestern   Water  Works  Assoc.)       (86)      June  14. 

Automatic   Water- Works    for   a   Small    Town.*      Clyde    Potts.      (13)      June   15. 

Turbine  Pumping  Station  Below  Ground  in  San  Antonio.*      (13)      June  15. 

Building  Power  House  and  Dam  on  Sand   Foundations.*      (13)      June   15. 

Water  Powers  on  the  Winnipeg  River.*  (96)  June  15;  (13)  June  8;  (14) 
June  17. 

Venturi   Meter  Succeeds  In   Irrigation.*      (13)      June  15. 

The  Solution  of  a  Water  Supply  Problem,  Merits  of  Methods  Considered  for  Supply- 
ing and  Storing  Water  from  Distant  Spring  and  System  Installed.*  Hydraulix. 
(101)      June    16. 

Hydro-Electric  Undertakings  in   Spain.*      (12)      June  16. 

Interesting  Mains  Laying  Operation  at  Glasgow.*      (73)      June  16. 

Prospective  Market  for  Irrigation  Pumping.*  Joseph  Jacobs.  (Ill)  Serial  begin- 
ning  June   17. 

Average  Efficiency  of  Waterwheel  Influenced  by  Size  of  Bucket.*  John  S.  Car- 
penter.      (14)      June    17. 

How  to  Appraise  Water  Rights.      Harry  Barker.      (13)      June  22. 

Emergency    Pumping  with    412-Ft.    Single-Stage    Centrifugals.*      (13)      June    22. 

San  Francisco  to   Build  Weir  for  Flood  Prevention.      E.  A.   Bailey.      (13)      June  22. 

The  Water   Supply  of  Aberdeen.*       (12)      June  23. 

The  Purification  of  Water  Supplies.  Edwin  O.  Jordan.  (Paper  read  before  the 
Pan-American   Scientific  Congress.)       (19)      June  24. 

Progress  on  San  Fransquito  Plant,  Los  Angeles  Aqueduct  Power  Project.*  (Ill) 
June  24. 

Canal  Cleaning  by  Sheep  and  Goats  Past  Experimental  Stage.  (From  Reclamation 
Record.)       (14)      June  24. 

Steel-Lined  Shaft  in  Water-Bearing  Sand.*      (13)      June  29. 

Height   of   Waves   in   the   Belle   Fourche   Reservoir.      D.   C.    Henny.      (13)      June   29 

Cleaning  Nashville   Reservoir  by  Hydraullcking.      (13)      June  29. 

Proper   Methods   of  Testing  Water- Works   Pumps.      L.   A.    Day.      (13)      June    29. 

Capacity  of  Twin   Pipe  Line.*      Francis   H.  Kingsbury.      (13)      June  29. 

Hetch  Hetchy  Water  Program,  San  Francisco,  Calif.*      (13)      June  29. 

Investigations  for  Dam  and  Reservoir  Foundations.*  Caleb  Mills  Saville.  (13) 
June  29. 

Large  Taintor  Gates  for  a  Dam.*      (13)      June   29. 

An   Economical   Water-Supply    from   Flowing   Wells.*      (13)      June    29. 

New   Rapid   Filtration   Plant  Near   Kilwinning.*      (12)      June  30. 

Operating  Characteristics  of  Turbo  Units  for  High-Duty  Pumping  Service.*  (116) 
July. 

Cost   of   Operating    a   Kansas    Pumping    Plant.*      O.    H.    Horner.      (27)      July    1. 

The  Oregon  Water  Code  and  the  Supreme  Court  of  the  United  States.  A.  E. 
Chandler.      (Ill)      July  1. 

*  Illustrated. 
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Water  Supply— (Continued). 

Analysis   of   Merrill   Report   on   Water   Power.      (27)      Serial    beginning   July    1. 
Duty    of    Water    for    Irrigation    under    Idaho    Conditions.     Don    H.     Bark.      (13) 

July    6. 
State    Engineer's    River    Survey    Guides    Water    Adjudicators.       Percy    A.     Cupper. 

(13)      July    6. 
DifHoult    Pump    Test    Made    with    Pitot    Tube.*      C.    E.    Grunsky.      (13)      July    6. 
Automatic     Drainage    Gates    Lessen     Need    of    Pumping.*      (14)      July    8. 
Recommends  Steel  Pipe  for  37-Inch  Water  Main  9%    Miles  Long  at  Rochester.*     (14) 

July  8. 
Seasonable    Use    of    Water    in    the    Sacramento    and    San    Joaquin    Valleys.*     S.    T. 

Harding.      (Ill)      July  8. 
Water   Supply  for  Troops   in   the   Field.      Jack  J.  Hinman,   Jr.      (86)      July   12. 
Method    of    Tapping   a    6-Ft.    Main    into    Concrete    and    Steel    Shaft    Under    Pressure. 

James    Stelton.      (86)      July    12. 
Data   and    Discussion    on    Cast   Iron    Pipe   Joint    Tests    for   the    San    Francisco    High 

Pressure  Fire  System.*      Aug.  J.  Bowie,   Jr.      (86)      July  12. 
A    6  500-Ft.    Continuous   Wire   Wound   Wood    Stave    Pipe    Line    in    California.      (86) 

July  12. 
Curves     for     Irrigation-Ditch     Velocity     and     Discharge.*      L.      R.     Douglas.      (13) 

July    13. 
Water-Power  Storage  Reservoir  with  Pumping  Station.*      (13)      July  13, 
Water  Supply   Systems  for  Rural   Districts.*      (101)      Serial   beginning  July   14. 
Filtration  Plant  at  Idora  Park.*     E.  C.  Eaton.      (Ill)      July  15. 

Rate    of    Development    of    Irrigation    Projects.*      S.    T.    Harding.      (Ill)      July    15. 
Pumping    Station    Will    Make    Deep    Idaho    Lake    Available    as    Equalizer    for    Bear 

River.*      (14)      July    15. 
bight  Traveler   Straddles  Reservoir  Walls  to   Handle   Forms.*      (14)      July    15. 
Method  of  Keeping  Costs  on  the  Piute  Irrigation   Project  Earth  Dam.      Jos.   Jenson. 

(86)      July  19. 
Water  Measured  by  Volume   in   Large  Turbine   Test.      (14)      July   22. 
Stoplog  Barrier  Regulates   Romanov   Canal.*      Louis   Ross      (14)      July   22. 
Etching    Test    to    Detect    Steel    in    Wrought-Iron    Pipe.      (14)      July    22. 
Ingenious    Special    Devices    for    Tunnel    Surveys.*      (16)      July    22. 
Le  Role  de  I'Utilisation  des  Chutes  d'Eau  dans  la  Reprise  de   I'Activite   Industrielle 

et  Agricole.      (33)      Apr.  15. 
Ameliorations  Diverses  du  Rendement  des  Turbines  dans  les  Usines  k  Chute  Faible 

et  Variable.*      A.   Goupil.      (33)      May   27. 
Das  Wasserwerk  der  konigl.     Freistadt  Hermannstadt.     U.  Huber.      (115)      Feb.  24. 
Wie    ist    der    Umfang    von    Wasserrechten    festzustellen?      Ferd.    Pantucek.       (115) 

Serial  beginning  Mar.   9. 
Brweiterung  der  Pumpenanlage  im  Wasserwerk  der  Stadt  St.   Gallen.*      P.   Ostertag. 

(107)      Apr.  15. 
Das    Stauwehr    bei    Vissoye    des    Elektrizitatswerkes    der    Gemeinde    Slders.*      K.    A. 

Breuer.      (107)      Apr.   29. 
Das   Kraftwerk   an   der  Vieze  bei   Monthey.*      L.    KUrsteiner.      (107)      Serial   begin- 
ning  June   17. 

Waterways. 

First  Year's  Operation  of  the  Locks  of  the  Panama  Canal.*      F.  C.  Clark  and   R.  H. 

Whitehead.      (4)      Apr. 
The  Currents  of  Lake  Michigan  and  Their  Influence  on  the  Climate  of  the  Neighbor- 
ing States.*      C.  McD.  Townsend.      (4)      Apr. 
Sea  Defence  Work  at  Bognor  in  War  Time.*      Oswald  A.   Bridges.      (114)      No.   13, 

May. 
Method    and    Cost    of    Constructing    a    Pile    Driver    Barge.*      W.    D.    Jones.      (86) 

May  3. 
Field  and  Office  Methods  Employed  by  the  Hydrometric  Survey  of  Canada.*     (Report 

of  Progress  of  Stream  Measurement  in  Canada.)       (96)      May  4. 
Closing  a  Break  in  the  Colorado   River.*      (15)      May  5. 
Blasting  a   Canal  Through   a   River   Bottom.     O.   R.   Geyer.      (46)      May   6. 
Memphis   Flood    Protecti'-n.*       (13)    May    11;    (14)    June   10. 
Methods  of  Stream  Gaging.*      W.  S.   Pardee.      (13)      May  11. 
Experiments    in    Checking    the    Slides    at    Panama.      Geo.    W.    Goethals.      (From    the 

Canal  Record.)      (96)      May  11. 
Wire-Drag  Surveys  and  Recent  East  River  Results.*      N.  H.  Heck  and  J.  H.  Hawley. 

(13)      May  11. 
Small    Check    Dams,    in    Series,    Lessen    Flood    Velocities    in    California    Ravines.* 

Harry  F.  Olmsted.      (14)      Serial  beginning  May  13. 
The  Brasher  Air  Breakwater.*      (12)      May  19. 
Tests    Show    Strength    of    Corrugated    Culvert   Pipe,    Formula    for    Working   Pressure 

Developed   from    Results   of   Crushing   Pipe  by   Ebcternal   Hydrostatic    Pressure.* 

George    L.     Fowler.      (14)     May     20;     (13)     May     18;     (15)     May     19;     (17) 

May  13. 

*  Illustrated. 
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Waterways— (Continued). 

Machines  tor  Building  Levees.*      J.  R.  Slattery.      (13)      May  25. 

BuiUiing  a   Deep-Water   Concrete  Pier  on    Shore   at  Victoria,    B.   C.      (96)      May   25. 

Development  of  Inland  Ocean  Port  at  Houston,   Tex.*      (13)      May  25. 

Diversion   of  the   River  Don   at   Hadfield's   Works.*      (12)      May   26. 

Two-Storv    Shed   for   New   York's    Forty-Sixth    Street   Pier   will   be   969    Feet   Long.* 

Charles  W.  Staniford.      (14)      May  27. 
Corrugated  Culvert  Pipes  Tested  under  a  Sandbed.*      (14)      May  27. 
Construction   Plant   Controls   Minimum   Drainage   Ditch   and    Levee    Sections.*      (14) 

May  27. 
The   Pollution   of   New   York   Harbor   and   Its   Remedy.*      Kenneth   Allen.      (Abstract 

of  paper  read  before  the  Connecticut  Sec.   of  Engrs.)       (86)      May  31. 
Ero.-^ion  of  Watersheds   and   Its   Prevention.      Benjamin   Brooks.      (59)      June. 
Some  Recent  Aspects  of  Flood   Control.      R.   M.   Riegel.      (36)      June. 
Pollution    of    Boundary    Waters.*      Earle    Bernard    Phelps.      (Report    to    the    Inter. 

Joint  Comm.)       (96)      June  1. 
Brush  and  Riprap  Buffer  will  Protect  Bulkhead.*      Harry  E.   Weir.      (14)      June   3. 
Test  of  Backing  for  Flexible  Concrete  River  Mattress.      B.  Okazaki.      (13)      June  8. 
A  New  17  500  Ton  Floating  Dock  at  Hamburg.*      (12)      June  9. 
Lift-Locks  on  the  Trent  Canal,   Canada.*      (11)      Serial   beginning  June  9. 
Concrete-Capped   Sheetpile  Dam   for   Erie   Canal.*      Emile  Low.      (13)      June   15. 
Calming  Rough  Water  with  Compressed  Air.*      (13)      June  22. 
Brush-and-Stone  Jetties  Prove  Effective  at  Ventnor  City  and  Longport,  New  Jersey.* 

W^  I.  Risley.      (14)      June  24. 
Recent  Serious  Floods  in  Eastern  Iowa.*      (IS)      June  30. 
Dam    No.    5,    Coosa    River ;    the    Problems    of    Location    and    Construction.*      D.    M. 

Andrews.      (100)      July. 
The  United  States  Seagoing  Dredge  Col.  P.  8.  Michie.*      (100)      July. 
Operation  of  Hydraulic  Pipe-line  Dredges  in  the  Mobile,  Ala.,  District.*     J.  M.  Pratt. 

(100)      July. 
Pipe  Line  Dredges.      E.  J.  Dent,  M.  Am.   Soc.  C.   B.      (100)      July. 
Mechanical  Equipment  Used  in  the  Port  of  New  Orleans.*      William  Von  Phul.      (55) 

July. 
The    Improvement    of    Rainwater    Bar,    Tombigbee    River,    Alabama.*      F.    H.    Reed. 

(100)      July. 
Hydrographic   Surveying   in   the  Western    Part   of  the   New   London,    Conn.,   District. 

E.   W.   Crawley.      (100)      July. 
Adopts  Low  Jetties  for  Shore  Protection.*      (14)      July  1. 
Large    Roller-Crest    Dam,    Grand    Valley    Project,    Colorado.*      F.    Teichman.      (14) 

July  6  ;      (13)      July  13. 
Design  and  Erection  Costs  of  Steel  Knock-Down  Dredge.*      (13)      July  6. 
Fishguard  Harbour  Works.*      (11)      July  7. 
Movable  Sector  Weir  Near  Bremen.*      (11)      July   7. 

Two  Methods  of  Regulating  Rainy  Lake.*      (96)      Serial  beginning  July   13. 
Determination   of    Maximum    Stream-Flow.      C.    E.   Grunsky.      (From    Western   Engi- 
neering.)      (96)      July  13. 
New  Jersey  Freight  Terminal  for  the  Port  of  New  York.*      (13)      July  13. 
Concrete   and   Timber   Cribs   Accurately   Placed   for  Vancouver   Wharf.*      R.    Mackay 

Fripp.      (14)      July  22. 
La  Loire  et  le  Port  de  Nantes.*      M.   Kauffmann.      (43)      Sept.,   1915. 
Le  Regime  des  Voies  Navigables  en  France.      G.   Espltallier.      (92)      Mar. 
Le   Canal   de   Marseille   au    Rhone  ;    Description   Generale,    Souterrain    du    Rove.*      A. 

Dumas.      (33)      Serial  beginning  May  20. 
Le  Charriage  des  Alluvions  par  les  Cours  d'Eau  I'Ensablement  des  Usines   Hydrau- 

liques,      I'Alluvionnement      des      Barrages-Reservoirs.*      Felix      Drouhet.      {33) 

June  10. 
Barrage  a  Secteur  Actionne  par  la  Chute  k  Breme  sur  le  Weser.      (33)      July   1. 

*  Illustrated. 
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ADDRESS  AT  THE  ANNUAL  CONVENTION,   IN 
PITTSBURGH,  PA.,  JUNE  27TH,   1916. 


Bv  Clemens  Herschel,  President,  Am.  Soc.  C.  E. 


As  we  approach  the  number  in  our  order  of  exercises,  which  by 
Constitutional  provision  calls  upon  the  President  to  deliver  an  Address 
at  the  Annual  Convention,  you  no  doubt  feel,  as  I  feel,  that  we  stand 
in  the  shadow  of  the  great  loss  this  Society  has  suffered  in  the  death 
of  its  duly  elected  President,  Dr.  Elmer  Lawrence  Corthell.  Suc- 
ceeding to  his  duties  and  responsibilities,  I  have  endeavored  to  follow 
out  any  plans  he  may  have  had  for  the  Address  which  he  was  to  have 
delivered,  but  have  been  unable  to  learn  that  he  left  any  definite 
written  or  oral  memoranda  with  regard  to  it.  "The  night  cometh 
when  no  man  can  work";  and  it  came  to  our  late  President,  before 
he  could  communicate  to  others  the  thoughts  he  no  doubt  had  with 
regard  to  this  address,  and  had  intended  to  incorporate  in  it. 

It  will  not  be  foreign  to  his  desires  and  aspirations,  however,  if 
I  choose  for  the  subject  of  our  considerations,  a  topic  that  may 
well  enlist  the  co-operation  of  us  all;  left  to  struggle  with  the 
world's  work  now  that  he  is  gone.  Just  25  years  ago,  this  your  Presi- 
dent was  the  newly  elected  President  of  the  Boston  Society  of  Civil 
Engineers;  an  engineering  Society,  let  it  be  noted  in  passing,  which 
was  chartered  in  1848,  and  which  is  thus  the  oldest  organized  engi- 
neering Society  in  the  United  States.  At  that  time  he  chose  for  his 
subject :   "The  Advancement  of  the  Profession  of  the  Civil  Engineer",* 

•  Journal,  Assoc,  of  Eng.  Societies,  March,  1891. 
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and  I  have  found  it  interesting  to  read  what  a  younger  man  of  the 
same  name  as  myself  (little  else  remains  exactly  the  same  between  us), 
had  to  say  on  this  subject  25  years  ago.  So  much  so,  that  I  have 
ventured  again  to  choose  this  subject,  ever  old,  ever  new,  for  your 
contemplation  to-day. 

We  have  had  of  late  in  the  technical  press  and  in  the  proceedings 
of  engineering  societies,  ample  evidence  that  the  advancement  of 
the  profession  of  the  civil  engineer  is  a  cause  that  still  has  the  earnest 
attention  of  the  large  body  of  thoughtful  working  engineers  of  the 
country.  The  spirit  of  unrest  has  been  abroad  among  them,  and 
however  much,  content  with  one's  individual  lot  may  be  ethically 
or  religiously  proper,  and  bringing  blessings  in  its  train,  yet  is  unrest 
in  behalf  of  one's  class,  and  an  altruistic,  lawful  striving  to  better 
the  lot  of  that  class,  a  commendable,  and  perhaps  the  only  effective 
means  of  achieving  that  end,  as  experience  has  amply  shown.  Engi- 
neers feel  that  they  occupy  a  prominent  place  in  the  creation  of  the 
world's  material  welfare,  and  want  a  recognition  of  this  fact — a 
recognition  that  a  share  in  the  world's  honors  is  due  them,  in  the 
minds  and  actions  of  their  fellow-men.  Especially  is  their  unrest  and 
a  striving  for  increased  public  recognition  justifiable  and  prominent 
among  engineers,  when  the  creation  of  State  or  public  works  is  under 
consideration. 

Time  was  in  this  country,  about  100  years  ago,  when  it  was  denied 
that  a  State,  or  the  United  States,  should  undertake  any,  what  were 
then  called,  ''Internal  Improvements";  what  would  now  be  called: — 
Public  Works.  We  still  suffer  from  that  self -delusive  attempt  to  ignore 
necessities  that  always  have  existed  in  countries  reckoned  civilized, 
or  progressive;  that  always  will  exist.  Wars  and  combats  by  land  and 
sea,  also  in  the  air  and  underneath  the  sea,  more  than  ever  form 
mile-stones  in  the  life  of  nations,  as  it  is  described  in  history;  but 
the  silent  changes  wrought  by  custom,  and  without  bloody  contest, 
in  that  same  national  life,  are  no  less  marked  when  viewed  in  a  calm 
review  of  the  centuries.  What  was  natural  and  without  material  harm 
100  years  ago,  has  now  become  burdensome,  and  to  thinking  men, 
absurd. 

Consider  the  state  of  society  in  this  country  in  which  could  be 
passed  a  vote  in  town  meeting  (you  may  read  it  in  the  annals  of  a 
certain  Connecticut  Valley  town),  that  "Cornelius  the  Irishman  have 
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leave  to  take  up  laud,  but  provided  he  have  no  voice  in  the  town  af- 
fairs"; and  compare  it  with  the  state  of  aifairs  to-day  in  that  same 
town,  the  stock  derived  from  its  original  population  submerged,  even 
v;holly  extinguished,  under  the  output  of  a  "melting-pot",  into  which 
have  been  cast,. at  one  time  or  another,  specimens  from  all  the  nations 
of  the  earth;  many  of  them  of  a  most  uncouth  form  and  texture. 
Hardly  less  opposite  is  the  need  and  propriety  of  public  works  to-day, 
as  compared  with  that  need  and  propriety  in  the  young  nation  of  100 
J  ears  ago,  barely  emerging  from  its  colonial  condition,  and  from  a 
wilderness,  apparently  left  on  earth  on  purpose  for  it  to  subdue. 
Says  the  poet: 

"Bid  the  broad  arch  the  dangerous  flood  contain. 
The  mole  projected  break  the  roaring  main; 

Back  to  his  bounds  their  subject-sea  command. 
And  roll  obedient  rivers  through  the  land, — 

These  honors  Peace  to  happy  nations  brings; 
These  are  imperial  arts,  and  worthy  kings." 

Public  works  have  been  deemed  the  glory  of  long-established,  or 
developed,  States,  since  the  dawn  of  history.  To  attempt  to  do  with- 
out them,  or  to  rely  solely  upon  private  enterprise  to  procure  them, 
is  a  mere  delusion;  or  notion;  impracticable;  and  yet  we  have  a  Na- 
tional, and,  generally  speaking,  forty-eight  State  Governments,  that 
make  no  permanent  provision  for  their  construction  and  up-keep,  in 
their  organic  law. 

The  expenditure  of  4%  of  the  annual  United  States  Budget  on 
public  works  is  made  the  foot-ball  of  politics,  and  great  is  the  cry  of 
victory  when  this  expenditure  has  been  reduced  to  3^%;  but  no  word 
is  heard  about  the  other  96  or  96i%  of  expenditure  of  the  same  budget; 
becaiise  public  works  are  not  recognized  in  the  Constitutions  of  the 
United  States  and  of  the  States,  to  the  extent  of  providing  a  depart- 
ment of  the  Government,  and  permanent  officers  of  the  Government, 
to  construct  and  care  for  them.  A  large  part  of  the  lack  of  recogni- 
tion of  the  civil  engineer  as  a  member  of  an  honorable  profession, 
and  of  his  merits,  is,  in  my  belief,  traceable  to  this  very  state  of 
aifairs. 

From  time  to  time,  the  technical  press  contains  discussions  as  to 
the  anomalous  position  held  by  "Junior  Engineers",  and  "Assistant 
Engineers"  in  the  service  of  the  United  States,  on  public  works,  in 


838  ADDRESS  OF  PRESIDENT  CLEMENS  HERSCHEL  [Papers. 

charge  of  the  Corps  of  Engineers,  U.  S.  Army;  the  foj-mer  of  whom 
can  never  rise  above  their  basic  position,  and  the  best  of  whom  con- 
sequently leave  that  kind  of  a  service  as  quickly  as  circumstances 
will  permit.  These  discussions  are  carried  on  in  all  sorts  of  tempers, 
and,  to  make  my  own  temper  clear  in  the  matter,  let .  me  express  the 
belief,  founded  on  long  personal  observation  and  •  friendships,  that 
there  does  not  exist,  an  abler,  a  finer  body  of  men  than  this  same 
Corps  of  Engineers,  U.  S.  A.  Think  of  its  genesis.  A  boy  must  have 
ambition,  must  be  a  select  boy,  to  aspire  to  go  to  West  Point.  Com- 
petitive examinations,  in  the  majority  of  cases,  cull  out  the  best  of 
these  to  go  there.  Four  years'  training  and  schooling,  and  their  con- 
sequent process  of  selection,  reduces  the  number  who  enter,  to  the 
half  that  is  able  to  graduate.  And  of  these,  only  the  four  or  five  at 
the  head  of  the  class  go  into  the  Corps  of  Engineers.  Evidently  the 
population  of  the  United  States  cannot  produce  better  men  than 
these  four  or  five,  thus  marked  for  high  honors.  The  trouble  is  not 
there.  It  is  because  the  whole  system  of  carrying  on  the  civil  engi- 
neering works  of  the  United  States  is  an  emergency  makeshift;  born 
of  a  denial  of  the  propriety  of  the  nation  to  build  any  civil  engineer- 
ing works,  and  of  the  necessity  of  building  them,  when  their  construc- 
tion could  no  longer  be  avoided,  by  makeshift  methods. 

In  one,  perhaps  the  best,  of  these  discussions,*  that  have  just  been 
referred  to,  is  contained  this  closing  argument : 

"Will  any  one  maintain  that  it  [Congress]  is  yet  prepared  to 
commission  men  as  Civil  Engineers  and  give  them  a  similar  [to  Army, 
I^avy,  Revenue  Cutter,  etc.]  legal  status?"  And  if  we  are  to  stop 
there,  the  argument  is  no  doubt  a  sound  one.  So  long  as  Congress 
is  not  "prepared"  to  commission  Civil  Engineers  to  do  the  civil  engi- 
neering work  of  the  United  States  Government,  that  work  will  have  to 
be  carried  on  as  an  emergency  measure,  and  not  as  a  regular  func- 
tion of  government.  But  this  is  the  day  of  "preparedness",  and 
sooner  or  later,  Congress  also  will  have  to  become  "prepared",  in 
this,  as  in  many  other  matters. 

Says  Laurence  Sterne,  in  his  "Sentimental  Journey":  "They  order 
this  matter  better  in  France".  And  not  only  in  France,  but  in  every 
country  of   the   globe,   except   in   Great   Britain,   and   in   the  United 

*  Engineering  News,  May  14th  and  June  11th,   1908. 
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States;  the  copyist  of  Great  Britain,  which  the  United  States  has  been 
for  so  lonij,  and  in  so  many  directions.  The  first  named,  all  have  a 
Ministry  of  Public  Works,  and,  carrying  on  the  business  of  this  de- 
partment, a  corps  of  commissioned  civil  engineers.  To  that  must 
the  United  States,  and  every  State  in  the  Union,  come,  sooner  or 
later.  Commissions  of  laymen  to  rule  in  these  matters,  appointed  as 
an  emergency  measure,  are  an  anomaly  in  these  days  of  a  striving  for 
efficiency.  See  what  says  the  President  of  the  Institution  of  Civil  Engi- 
neers, of  Great  Britain,  James  Charles  Inglis,  in  his  Annual  Address 
for  1909.  He  quotes  an  economic  authority  to  the  effect  that  in  the 
great  struggle  of  the  Twentieth  Century  it  is  in  other  countries  the 
eim  to  leave  as  little  as  possible  to  chance;  not  to  allow  people  to 
muddle  through  somehow,  but  to  eliminate  as  far  as  possible  the  ele- 
ment of  the  unforeseen,  while  carefully  training  the  mind  to  cope, 
in  an  intelligent  way,  with  any  emergency. 

While  the  British  had  as  a  rule  a  violent  suspicion  of  the  expert, 
and  a  strong  belief  in  the  untrained,  unpaid  amateur  as  the  bright 
source  of  wisdom,  allowing  the  expert  to  advise  and  the  amateur  to 
decide,  elsewhere  there  was  no  fear  of  the  expert.  There  was  indeed 
the  possible  danger  of  red  tapeism  at  the  hands  of  highly  trained  of- 
ficals,  but  they  would  be  found  less  than  the  dangers  arising  from 
the  decisions  of  well-meaning  but  imtrained  and  inexperienced 
amateurs; — all  of  which  is  applicable  to  the  description  of  a  contrast 
between  the  British  and  all  the  other  European;  between  the  United 
States  method  and  a  rational  procedure  in  the  construction  and  ad- 
ministration of  public  works. 
Says  President  Inglis: 

"If  these  principles  were  more  acted  upon  in  this  country  [Great 
Britain],  as  in  time  they  must  be,  I  think  you  will  agree  with  me  that 
many  members  of  the  Institution  would  find  increased  scope  for  their 
energies,  and  added  interest  in  the  engineering  problems  they  have  to 
deal  with,  while,  without  doubt,  better  results  would,  on  the  whole, 
ensue  for  capital." 

Let  me  illustrate  how  the  Commission  habit  in  State  Government 
operates ;  as  philosophically  viewed  from  a  distance,  in  recent  years. 
A  certain  State  conceived  the  idea  that  it  would  be  well  to  develop 
its  principal  seaport  by  works  of  the  civil  engineer.  So  a  Commission 
of  laymen  was  immediately  created  to   cause  this  to  be   done.     The 
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newspapers  were  replete  for  months  as  to  who  should  be  the  Chairman 
of  this  Commission.  There  was  a  good  salary  attached.  Not  a  word 
as  to  the  Civil  Engineer  capable  of  designing  the  necessary  works, 
and  of  wisely  superintending  the  expenditure  of  millions  of  dollars 
in  the  future.  ISTot  one  word.  At  length  the  die  is  cast,  and  the 
favorite  of  the  "plum-tree"  enters  upon  a  course  of  the,  at  such  times 
customary  after-dinner  speeches.  After  months  of  this  sort  of  thing, 
and  when  the  novelty  of  the  situation  has  worn  off,  not  much  has  been 
heard  in  the  daily  press  as  to  the  work  to  be  done.  An  engineer  has 
indeed  been  somehow  appointed,  and  certain  work  planned  and  done. 
Then  the  former  after-dinner  speaker  resigns,  or  is  crowded  out, — it 
is  immaterial  which, — changes  of  political  government  affect  and 
deiase  the  at-no-time  illustrious  commission  and  engineering  corps, 
and  the  last  end  of  that  Commission  is  worse  than  its  inception; — 
it  is  itself  swallowed  up  and  abolished  in  a  reshuffling  of  the  Com- 
missions of  the  State  generally;  and  all  this  in  the  space  of  barely 
5  years;  with  the  simultaneous  hazard  of  millions  of  money  to  be 
expended,  at  once  and  in  maintenance  and  repairs,  or  reconstruction 
in  the  future,  in  a  foot-ball  game  of  politics. 

Is  it  not  true,  does  one  not  see,  in  contemplating  such  bits  of  con- 
temporaneous history,  that  especially  in  a  Republic,  are  commissioned 
civil  engineers  needed  for  the  proper  carrying  on  of  the  public  works 
of  the  State?  The  reason  the  average  Congressman,  even  the  Execu- 
tive, respects  the  Army  Engineer,  as  they  do,  is  because  the  former 
knows  that  the  services  of  the  latter  in  and  to  the  Government  will 
go  on,  when  he  himself  will  not  unlikely  have  been  wholly  forgotten. 
He  would  equally  respect  the  commissioned  civil  engineer. 

The  layman  Chief -of -Bureau's  tendency  to  lack  of  consideration 
for  his  expert  subordinate  must  be  checked  by  the  expert's  permanence 
in  the  service,  or  else  we  can  get  no  results  in  public  works  such  as 
the  State  ought  to  have. 

To  illustrate  again,  where  else  than  in  the  United  States  would 
it  have  been  possible  for  a  dreamer  of  patriotic  visions,  in  the  service 
of  the  Government,  to  have  seen  those  visions  come  true  under  his 
able  guidance  in  the  space  of  some  15  years,  and  at  an  expenditure 
of  scores  of  millions  of  dollars;  creating  empires  of  arable  land, 
where  before  was  the  desert;  and  after  the  threat  of  political  removal 
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by  one  brief  layman  incumbent  of  the  chair  at  the  head  of  his  bureau, 
finally  be  made  to  succumb,  without  any  justification  that  the  public 
ever  heard  of,  by  another  such  brief  incumbent,  to  the  already  mani- 
fested harm  of  the  service,  and  of  its  future. 

No  amateur  ruling  the  immediate  present,  of  an  important  govern- 
ment work  and  agency,  should  have  such  subversive  powers  of  harm 
for  their  future.  No  matter  even  that  he  act  from  motives  which  to 
him  at  the  moment  seem  wholly  good.  He  may  be  mistaken.  Certain 
it  is  that  a  system  that  enables  a  mere  passing  temporarily  exalted 
incumbent  of  an  office  thus  radically  to  disorganize,  out  of  his  own 
mere  motion,  a  work  of  national  usefulness  and  importance,  is  not  for 
the  good  of  the  body  politic. 

In  a  republic,  with  its  short-lived,  kaleidoscopic,  ever-changing 
individual  leadership  form  of  government,  even  more  than  in  a  con- 
servative monarchy,  the  servants  of  the  State  on  public  works,  should 
have  fixity  of  tenure  of  office.  Yerily,  "they  order  this  matter  better  in 
France";  a  republic;  and  both  better,  and  hy  the  same  means  better, 
in  many  a  country,  besides  France. 

More  could  be  said  in  the  same  line  of  argument  and  illustration, 
but  the  President's  Address  should  not  be  tiresome,  though  the  ad- 
vancement of  the  Profession  of  the  Civil  Engineer  can  be  viewed  from 
many  another  angle.  Indeed,  in  contemplating  it,  one  is  reminded 
of  the  lament  of  the  New  England  conscience, — no  one  felt  it  more 
than  he  whom  inadequately  I  am  trying  to  replace  to  you, — "so  much 
to  do;  so  little  done". 

We  have,  for  instance,  the  work  of  combining  the  efforts  of  the 
various  branches  of  the  Engineering  Profession,  in  matters  of  their 
common  interest.  According  to  Section  2  of  Article  II  of  our  Con- 
stitution,' there  are  no  engineers,  except  civil  and  military  engineers ; 
the  original  class  distinction.  But  so  various  are  to-day  the  occasions 
when  it  is  necessary  to  apply  "the  art  of  directing  the  great  sources  of 
power  in  Nature  for  the  use  and  convenience  of  man",  that  it  long 
ago  became  impracticable  to  have  all  engineers  in  the  United  States 
enrolled  in  one  American  Society  of  Civil  Engineers.  Instead,  we 
have  the  four  prominent  National  Engineering  Societies,  and  many 
amply  useful,  though  less  prominent,  such  engineering  Societies.  And 
yet  the  number  of  their  aggregate  membership  is  small,  compared  with 
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the  population  which  they  serve;  a  prominent  reason  why  their  ex- 
pressed desires  are  too  often  but  as  a  "voice  crying  in  the  wilder- 
ness". To  remedy  this  condition  which  confronts  us,  many  have 
labored,  in  season,  and  out  of  season,  to  bring  about  joint  action  of 
the  engineers  of  the  United  States  in  matters  of  a  common  interest. 
This  Society  has  said  that  it  believes  in  it,  and  as  a  step  in  that 
direction,  as  facilitating  that  sort  of  work,  as  a  landmark  and  a  beacon 
light  to  the  public,  that  engineers  are  at  their  posts  of  duty  and  should 
be  recognized  and  reckoned  with,  we  have  said  that  the  building  of 
the  four  Founder  Engineering  Societies  on  39th  Street  in  the  City 
of  New  York  shall  represent  to  the  public,  the  home  of  a  power  in 
the  land.  The  step  we  have  taken  and  which  has  been  voted  in  the 
affirmative,  2  500  for,  390  against,  is  of  course  but  a  beginning.  It 
has  been  worked  for  in  a  duly  humble  spirit,  and  on  the  principle  of 
doing  one  thing  at  a  time,  but  the  beneficent  end  of  that  work  no 
man  can  see.  "Be  of  good  comfort".  Master  Ridley  Latimer  cried  at 
the  crackling  of  the  flames,  "play  the  man!  We  shall  this  day  light 
such  a  candle,  by  God's  grace,  as  I  trust  shall  never  be  put  out."  Not 
only  not  put  out,  but  increasing  through  the  years,  in  effulgence, 
glory  to  the  profession,  and  in  usefulness. 

I  have  said  that  the  advancement  of  the  Profession  of  the  Civil 
Engineer  in  the  United  States,  could  be  viewed  from  many  another 
angle.  This  has  nigh  exhaustively  been  done  by  one  of  our  dis- 
tinguished fellow-members  in  a  paper  read  February  29th,  1916,  in 
this  very  city.* 

There  is  the  education  of  the  engineer  properly  to  be  attended  to. 
Is  he,  while  thus  in  embryo,  doing  24  hours  of  work  and  refreshment, 
in  the  24  hours  of  the  day  ?    Is  the  work  he  is  doing  of  the  right  kind  ? 

We  have  many  able  fellow-members  who  are  giving  the  travail  of 
their  lives  to  answer  these  questions. 

There  is  reform  within  the  active  profession  to  be  attended  to.  Is 
the  typewriter  machine  and  printing  press  already  working  overtime; 
running  away  with  the  drafting  table  and  with  service  on  the  work  and 
in  the  field,  and  with  learning  from  Nature  by  experiment?  What 
constitutes  a  legitimate  consulting  engineer?  Not  in  the  eyes  of  the 
great  discerning  public,  but  rather  in  those  of  his  professional  brethren. 

•  To  be,  or  already  published,  by  the  Engineers'  Society  of  Western  Pennsylvania  ; 
a  paper  by  J.  A.  L.  Waddell,  M.  Am.  Sec.  C.  E.,  of  Kansas  City,  Mo. 
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Legislation  in  forty-eight  States  of  the  Union  and  in  the  Congress 
of  the  United  States  must  be  taken  note  of,  to  prevent  harmful  enact- 
ments, and  to  support  those  we  know  to  be  good  for  the  body  politic, 
no  less  than  for  the  Profession  of  the  Civil  Engineer. 

Not  as  a  lamentation  or  a  sigh  of  weariness,  but  as  a  cry  and  a 
call  to  additional,  and  to  continued  service  to  our  profession  and  to 
mankind,  let  us  say:   As  yet,  "80  little  done". 
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TUNNEL    WORK    ON    SECTIONS    8,    9,    10,    AND    11, 

BROADWAY-LEXINGTON  AVENUE  SUBWAY, 

NEW  YORK  CITY 


By  Israel  V.  Werbin,  Assoc.  M.  Am.  Soc.  C.  E. 
To  BE  Presented  September  20th,  1916. 


Synopsis. 

This  paper  describes  the  work  of  excavating  for  and  lining  the 
tunnels  for  the  new  Lexington  Avenue  Subway  between  53d  and  106th 
Streets,  in  the  Borough  of  Manhattan,  City  of  New  York.  Inasmuch 
as  this  work  involved  the  driving  of  tunnels  with  large  and  unusual 
cross-sections,  through  unsound  rock,  under  busy  city  streets,  and 
the  contract  placed  on  the  contractor  absolute  liability,  it  has  been 
thought  worth  while  to  record  the  raethods  used. 

The  tunnels  were  built  to  accommodate  two  and  four  tracks,  the 
two-track  structure  having  a  cross-section  of  32  by  16  ft.,  the  four- 
track,  double-deck  structure,  32  by  32  ft.,  and  the  four-track  struc- 
ture with  all  tracks  on  one  level,  60  by  16  ft. 

The  methods  followed  in  excavating  these  tunnels  through  sound 
and  unsound  rock  and  through  soft  ground  are  described.  In  some 
cases,  water  was  encountered  in  such  quantities  as  to  necessitate 
the  use  of  compressed-air  methods,  in  order  to  prevent  the  loss  of 
materials  and  the  settlement  of  the  local  track  structure  which  had 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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previously  been  completed.  The  excavation  for  the  four-track  struc- 
ture with  the  four  tracks  on  the  same  level  had  to  be  made  one 
track  at  a  time,  and  the  manner  of  making  this  excavation  and 
protecting  the  finished  part  of  the  structure  are  described. 

Information  is  also  given  as  to  drilling,  loading  and  iiring,  tim- 
bering, plant,  cost,  etc. 

In  connection  with  the  lining  of  the  tunnel  with  concrete,  the 
various  types  of  forms  are  described;  also  the  manner  of  handling 
and  placing  the  concrete. 


General. 


The  Lexington  Avenue  Subway  is  being  built  by  the  City  of  New 
York,  under  the  supervision  of  the  Public  Service  Commission  for  the 
First  District  of  the  State  of  New  York,  and,  when  completed,  will 
be  operated  by  the  Interborough  Rapid  Transit  Company  in  accordance 
with  contracts  entered  into  with  it  by  the  City  of  New  York  acting 
by  the  Public  Service  Commission. 

For  purposes  of  organization  and  construction,  the  route  is  divided 
into  sections  averaging  in  length  about  thirteen  or  fourteen  city 
blocks. 

Section  8  extends  from  53d  to  67th  Streets;  Section  9  from  67th 
to  79th  Streets;  Section  10  from  79th  to  93d  Streets;  and  Section  11 
from  93d  to  106th  Streets.  The  total  length  of  the  four  sections  is 
13  992  ft. 

The  approximate  quantity  of  tunnel  excavation  made  on  the  four 
sections  was  250  000  cu.  yd.,  and,  at  the  contract  prices,  the  cost 
of  doing  this  part  of  the  work  was  approximately  $2  250  000.  The 
total  cost  of  all  the  work  on  the  four  sections  was  approximately 
$10  500  000,  exclusive  of  track,  station  finish,  and  equipment. 

The  rock  encountered  in  the  course  of  the  work  on  these  sections 
was  mostly  Manhattan  schist  of  varying  degrees  of  hardness.  The 
greater  part  of  the  tunnel  being  but  a  comparatively  short  distance 
below  the  street  surface,  the  rock  was  often  blocky,  and  occasional 
mud  seams  were  encountered,  requiring  considerable  timbering  on 
Sections  8  and  9.  The  rock  on  Sections  10  and  11  was  fairly  good, 
and  very  little  timbering  was  used  for  this  part  of  the  work. 
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General  Description  of  Subway  Structure. 

Several  different  types  of  subway  structure  were  used  on  the  four 
sections.  On  Sections  8  and  9,  the  local  and  the  express  tracks  are 
in  separate  structures.  The  local  tracks  are  immediately  below  the 
street  surface  and  the  work  was  done  by  cut-and-cover  methods;  the 
express  tracks  are  in  separate  tunnels  below  the  local  tracks.  The 
distance  from  the  street  surface  to  the  sub-grade  of  the  express  tracks 
varies  from  60  to  100  ft.,  and  the  distance  between  the  two  levels 
from  10  to  55  ft.,  as  shown  on  Plate  VI. 

The  largest  part  of  the  structure  on  Sections  10  and  11  is  double- 
decked,  the  express  being  placed  immediately  below  the  local  tracks. 
This  type  prevails  from  79th  to  99th  Streets.  In  the  station  at  96th 
Street,  the  upper  level  is  widened  to  permit  the  construction  of  the 
station  platform  (Plate  VI).  Going  north  from  99th  Street,  the 
local  tracks  in  the  upper  level  diverge  until  at  100th  Street  they  have 
been  offset  sufficiently  to  clear  the  express  tracks  in  the  lower  level. 
The  four  tracks  then  continue  northward  on  approaching  grades 
until  at  103d  Street  they  are  on  the  same  level,  as  shown  on  Plate  VI. 

Excavation  for  Two-Track  Tunnel,  Sections  8  and  9. 

Excavation  in  Sound  Rock. — The  excavation  for  these  tunnels 
through  sound  rock  did  not  present  any  exceptional  features.  The 
section  was  taken  out  with  a  center  top  heading  and  one  or  two 
benches,  depending  on  the  height  of  the  heading.  The  center  heading 
was  about  9  by  14  ft.,  the  drilling  requiring  from  24  to  32  holes, 
depending  on  the  hardness  of  the  rock.  Work  was  carried  on  continu- 
ously for  24  hours  per  day,  with  three  drilling  shifts.  The  forces 
were  organized  so  that  an  advance  of  about  5  ft.  would  be  made  daily. 
The  details  of  the  drilling,  loading,  and  firing  are  shown  on  Plate  VII. 

Excavation  in  Unsound  Roclc. — In  a  considerable  part  of  the  work, 
the  rock  was  hard  but  blocky,  and  would  not  permit  of  making  the 
excavation  for  the  full  section  without  timbering.  In  most  of  these 
cases  it  was  generally  possible  to  excavate  enough  to  permit  the 
erection  of  the  structure  for  one  track  without  timbering,  and  after 
this  part  had  been  completed  and  the  rock  above  had  been  caught  up, 
the  remainder  of  the  section  was  excavated  and  the  structure  com- 
pleted.    (Fig.  1.) 
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Where  the  rock  was  seamy  and  disintegrated,  however,  the  top 
side-drift  method  of  tunneling  was  generally  used,  segmental  timbering 
being  put  in,  as  shown  on  Plate  YIII.  The  side-drifts  were  generally 
about  7  by  11  ft.  The  wall-plates  and  timbering  were  set  so  as  to 
be  entirely  outside  the  neat  line  of  the  subway  structure  and  there 
would  be  no  timbers  bedded  in  the  concrete  lining  inside  the  neat  lines. 
Where  soft  ground  was  encountered,  poling  boards  were  driven  ahead 
over  the  sets.  The  sets  were  placed  about  2  ft.  from  center  to  center, 
12  by  12-in.  yellow  pine  timbers  being  used. 

In  the  work  on  Section  8,  where  segmental  timbering  was  used,  the 
center  pieces  of  the  sets  were  jwsted  up  from  the  bench,  and,  as  the 
latter  was  removed,  new  posts  down  to  sub-grade  were  put  in,  as  shown 
by  Fig.  3.  In  removing  the  bench,  the  holes  were  drilled  close 
together,  and  light  charges  of  explosives  were  used  in  order  to  mini- 
mize the  possibility  of  knocking  out  the  posts.  Toward  the  close  of 
the  job,  in  order  to  safeguard  further  this  feature  of  the  work,  a 
long,  continuous  girder  was  blocked  up  under  the  center  cap,  and 
this  was  kept  in  place  mitil  the  bench  had  been  removed  and  new 
posts,  down  to  sub-grade,  had  been  placed.     (Fig.  2.) 

On  Section  9,  after  the  top  heading  had  been  removed,  the  con- 
tractor placed  two  (and  in  some  cases  three)  pairs  of  24-in.  I-beams 
longitudinally  on  the  bench,  and  the  caps  were  posted  up  from  these 
beams.  (Fig.  4.)  The  beams  were  about  30  ft.  long,  and  were  spliced 
so  as  to  develop  their  full  strength.  As  the  bench  was  removed,  posts 
were  placed  under  the  beams  down  to  the  sub-grade.  This  system  of 
timbering  had  the  advantage  that  the  posts  under  the  caps  did  not 
have  to  be  moved  in  order  to  make  the  excavation  for  the  bench. 
(Fig.  5.) 

Often,  where  the  gromid  was  heavy  enough  to  require  timbering, 
water  was  encountered,  and  it  was  desirable  to  keep  this  water  away 
from  the  concrete  lining  until  it  had  had  time  to  set.  Accordingly, 
the  space  between  and  back  of  the  sets  was  packed  with  concrete,  and 
later  grouted  under  about  90  lb.  pressure.  This  procedure  was 
effective  in  keeping  out  most  of  the  water,  and  also  served  to  stiffen 
up  the  timbering.  The  final  lining  was  placed  tight  up  against  the 
timber  and  concrete  previously  placed,  and  again  grouted  if  necessary. 
(Fig.  6.) 
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3 
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24 
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Yardage 

28.1 

S6. 

57.1 

11 L2 

Total  linear  feet  of  drill  holes. 
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SOUND  ROCK 

SECTIONS  8  AND  9. 
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Fig.  1. — CoNSTKucTiON  IN  Poor  Rock  Tunnel.    Half  of  Section  Built  at  a  Time, 
Without  TImbeking. 


Fig.  2. — Segmental  Timbering  Used  on  Section  8  ;  also  Types  of  Center  Link 
Steel  Used  in  the  Tunnel. 
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Excax'ation  in  Compressed  Air. — At  57th  and  75th  Streets,  streams 
originally  crossed  Lexington  Avenue,  and  when  the  excavation  was 
being  made  for  the  express  tunnels  at  these  places,  considerable  water 
was   encountered.     The   contractors   had   completed  the   structure  for 


finalI  stage 


METHOD    OF   TIMBERING 

N  TUNNEL 

SECTION   9 


Fig.  4. 
the  local  tracks  in  the  upper  level  at  these  points  before  the  work 
in  the  express  tunnels  was  undertaken.     This  had  been  done  in  spite 
of  the  fact,  pointed  out  to  them,  that  settlement  in  the  local  track 
structure  might  result  if  soft  ground  carrying  water  was  encountered 
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in  the  excavation  for  the  express  tunnel.  As  the  excavation  ap- 
proached the  sites  of  the  old  streams  at  75th  Street,  the  top  of  the 
section  ran  out  of  rock,  and  at  57th  Street  there  were  only  a  few 
feet  of  rock  cover  over  the  heading.  In  both  places  considerable  water 
ran  into  the  excavation,  and  the  water,  carrying  with  it  some  of 
the  material  between  the  two  levels,  caused  considerable  settlement 
in  the  local  track  structure,  as  well  as  some  settlement  in  the  build- 
ings adjacent  to  the  work.  An  attempt  was  made  to  control  the 
settlement  by  blocking  up  the  roof  of  the  local  track  structure  and 
by  supporting  the  buildings  temporarily  on  needles,  also  by  pumping 
the  water  through  driven  wells  from  the  local  track  floor,  but  neither 
of  these  methods  proved  satisfactory.  It  was  decided  finally  to 
proceed  with  the  work  under  air  pressure,  by  which  method  the  ex- 
cavation was  completed  successfully  without  any  appreciable  loss  of 
materials. 

The  details  of  the  locks  and  bulkheads  used  at  57th  Street  are  shown 
on  Fig.  7.  The  air  pressure  varied  from  8  to  16  lb.  Concrete 
bulkheads,  3  ft.  thick  and  reinforced  with  structural  steel  or  iron 
rails,  were  built  into  the  finished  section  of  the  tunnel.  A  groove 
about  6  in.  deep  was  cut  into  the  concrete  lining  of  the  tunnel,  and 
the  bulkheads  were  bonded  into  it.  The  lock  and  the  pipes  for  air, 
drainage,  etc.,  were  built  into  the  bulkheads. 

The  excavation  under  air  pressure  was  confined  to  the  removal  of 
the  top  heading.  After  the  timber  sets  had  been  placed  and  the 
space  between  and  back  of  the  timbers  had  been  concreted  and  grouted, 
the  bench  was  removed  in  free  air. 

At  57th  Street,  where  the  section  did  not  run  out  of  rock,  the 
excavation  imder  air  pressure  was  made  by  the  top  side-drift  method, 
as  described  for  the  unsound  rock  tunnels  on  Section  8. 

At  75th  Street,  the  top  of  the  heading  was  driven  through  soft 
ground,  and  poling  boards  were  used.  The  general  method  of  pro- 
cedure (Fig.  8)  was  about  as  follows:  The  excavation  was  started  at 
the  center  and  carried  over  to  the  sides.  Poling  boards,  about  4  ft. 
long,  were  driven  over  the  caps,  and,  as  the  excavation  was  carried 
from  the  center  to  the  sides,  breast  boards  were  placed  against  the 
face  of  the  heading  and  under  the  ends  of  the  poling  boards,  until 
the  excavation  had  been  widened  enough  to  permit  the  placing  of 
another  cap,   after   which  the  breast  boards  were  removed   and  the 
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Fig.  5. — Method  of  Tunnel  Timbering  Used  on  Section  9. 


Fig.  6. — Space  Between  Timber  Sets  Concreted. 
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operation  was  repeated.  After  three  or  four  caps  had  been  placed  in 
this  way,  the  excavation  was  widened  out  for  the  wall-plates  and 
side-legs.  Where  considered  necessary,  lagging  was  placed  and  braced, 
as  shown  on  Fig.  8. 


253  *  09.71 


Xote:-  All  pipes  provided  with  valves. 

Bulkhead  reinforced  with  60-lb.  rails. 


DETAILS 
OF 
28.6      BULKHEAD  AND  LOCKS 
56TH-57TH  STREETS-SEC.  8 


Fig.  7. 
In  some  cases,  the  soft  ground  showed  a  tendency  to  flow  and  work 
its   way  in  between  the   roof  and  breast  boards,   and   in   such   cases 
the  cracks  were  stuffed  with  hay.     At  certain  times  there  was  con- 
siderable  difficulty  in  holding  the  air,   and  for  this  reason   it  often 
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became  necessary  to  caulk  the  cracks  between  the  timbers  with  oakum 
and  clay. 

Working  Shafts.— There  were  working  shafts,  for  handling  the 
excavated  material  from  the  express  tunnels  on  Sections  8  and  9,  at 
56th,  62d,  6Sth,  74th,  and  78th  Streets,  the  distances  between  shafts 
being  1  605,  1  662,  1  518,  and  1  057  ft.,  respectively.  At  62d  and  74th 
Streets,  the  hoisting  was  done  with  electric  traveling  cranes;  derricks 
operated  by  electric  hoists  were  used  at  the  other  shafts. 

EoADWAY  Support  at  Portals,  Sections  10  and  11. 
The  tunnels  on  Sections  10  and  11  were  not  continuous,  there  being 
stretches  of  open-cut  work  between  them.  The  excavation  was  gen- 
erally started  at  the  eut-and-cover  part  of  the  work,  and  then  extended 
into  the  tunnels.  The  depth  of  the  cuts  between  the  portals  varied 
from  50  to  70  ft.,  and  it  became  evident  that  some  method  of  sup- 
porting the  roadway,  different  from  the  usual  one  of  posting  up  from 
below,  would  have  to  be  used. 

Two  general  methods  of  supporting  the  roadway  were  used.  By 
the  first,  48-in.  girders,  60  ft.  long,  were  placed  about  40  ft.  apart 
across  the  full  width  of  the  trench,  with  the  ends  resting  on  the  rock 
or  on  cribbing  built  up  from  the  rock.  Then  26-in.  I-beams  were 
run  longitudinally  over  the  cross-girders,  and  the  roadway  was  blocked 
up  from  them.  After  the  excavation  was  completed,  the  cross-girders 
were  posted  up  from  below,  as  shown  by  Fig.  9.  As  an  additional 
precaution,  48-in.  girders  were  placed  longitudinally  in  the  roadway 
alongside  of  the  curb,  and  the  cross-girders  were  connected  with  them 
by  suspender  rods  and  plates.  The  surface  girders  were  spliced  with  a 
joint  designed  to  develop  the  full  strength  of  the  girder  before  it 
would  fail.  One  end  of  the  longitudinal  girder  was  supported  by 
being  blocked  up  from  a  cross-girder  that  was  already  posted  up 
from  below,  and  the  other  end  rested  on  the  undisturbed  portion  of 
the  roadway.  As  the  excavation  advanced,  the  longitudinal  girders 
were  moved  ahead,  or  an  additional  girder  was  spliced  on. 

By  the  second  method,  the  longitudinal  girders  just  described  were 
used,  but  26-in.  I-beams  running  crosswise  were  suspended  from 
them,  and  the  roadway  was  blocked  up  from  these  cross-beams.  The 
beams  were  placed  about  10  ft.  from  center  to  center,  and,  after  the 
excavation  below  was  completed,  the  beams  were  posted  up  and  the 
longitudinal  girders  moved  ahead.     (Fig.  10.) 
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Fig.   10. — Roadway  Supported  on  Cross-Beams,  Sections  10  and  11. 


Fig.   11. — Excavation  in  Double-Deck  Tunnels. 
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Excavation  for  Double-Deck  Tunnel,  Sections  10  and  11. 

The  double-deck  tunnel  is  31  ft.  8  in.  wide  and  32  ft.  7  in.  high. 
The  section  was  genei-ally  taken  out  with  a  center  top  heading  and 
three  benches.  An  advance  of  from  5  to  8  ft.  of  heading  was  made  at 
each  fire.  About  8  lin.  ft.  of  drill  holes  were  required  per  cubic  yard 
of  heading,  and  1.6  ft.  per  cubic  yard  of  bench.  The  approximate 
arrangement  of  drill  holes,  and  the  loading  and  order  of  firing  are 
shown  on  the  heading  diagrams,  Figs.  12  and  13. 

The  excavation  was  started  with  a  32-hole  heading  (Fig.  12), 
but,  owing  to  the  severe  concussion  following  the  blasts,  it  was 
found  advisable  to  increase  the  number  of  holes  to  48  (Fig.  13) 
until  the  excavation  was  sufficiently  advanced  beyond  the  portal,  so 
that  the  effect  of  the  blasting  would  not  be  so  severe.  The  depth 
of  the  cut  was  reduced  from  8  to  6  ft.,  and  the  spacing  of  the  holes 
in  the  bench  was  reduced  from  5  to  3  ft.  This  new  arrangement 
required  much  more  drilling  (4.7  lin.  ft.  per  cu.  yd.  of  excavation 
as  compared  with  2.5  lin.  ft.  previously  used),  but  was  efficacious 
in  reducing  the  concussion  and  the  subsequent  vibration  of  adjacent 
buildings  and  breaking  of  windows.  After  the  excavation  had  been 
carried  about  250  ft.  beyond  the  portal,  there  was  little  concussion 
noticed  on  the  street,  and  the  drilling  was  brought  back  to  the 
32-hole  heading.     (Fig.  11.) 

In  the  prosecution  of  this  part  of  the  work,  the  aim  was  to  make 
an  advance  of  from  5  to  8  ft.  in  2  days.  In  general,  the  center 
heading  and  the  middle  bench  were  fired  on  one  day,  and  the  upper 
and  the  bottom  benches  on  the  next.  The  advance  in  the  heading 
varied  from  5  to  8  ft.,  depending  on  the  character  of  the  rock;  the 
sides  and  the  benches  were  taken  out  about  5  ft.  at  a  time,  an  extra 
shot  being  occasionally  taken  out  of  the  sides  and  benches,  so  that 
the  progress  would  keep  up  with  that  of  the  heading.  The  work  was 
done  with  one  mucking  and  two  drilling  shifts  working  as  follows: 
Mucking  gang,  10  a.  m.  to  7  p.  m.  ;  drilling  gangs,  6  a.  m.  to  2.30  P.  M., 
and  4.30  p.  m.  to  12.30  a.  m.  The  blasting  was  done  before  the  mucking 
gang  came  on  (between  7.00  and  10.00  a.  m.),  and  from  12  m.  to 
1  p.  M.,  when  the  mucking  gang  stopped  for  lunch. 

The  best  monthly  progress  in  excavation  in  this  tunnel  was  100 
ft.  of  full  section,  or  about  3  700  cu.  yd.  of  excavation  within  neat  lines. 
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Trimming  at  Portal  and  Widening  Out  for  Station  Platforms. 

Generally,  only  a  few  feet  of  rock  cover  was  found  at  the  portals, 
and,  as  this  rock  was  seamy  and  disintegrated,  the  excavation  was 
started  about  5  ft.  below  the  line  of  the  finished  roof  and  gradually 
brought  up  to  grade  in  about  100  ft.  At  the  95th  Street  portal,  where 
the  work  was  in  the  station,  no  attempt  was  made  at  first  to  excavate 
for  the  station  platforms,  the  contractor  intending  to  come  back 
later,  after  the  lower  level  structure  had  been  completed,  and  do  this 
part  of  the  work. 

Before  the  portals  were  trimmed  and  the  excavation  was  widened 
out  for  the  station  platforms,  the  plans  were  changed  so  as  to  sub- 
stitute steel  columns  with  longitudinal  beams  or  girders  on  top  for 
the  reinforced  concrete  center  wall  originally  called  for.  This  change 
of  plan  greatly  simplified  the  work,  and  lessened  the  risk  of  excavating 
for  the  station  platforms  and  trimming  at  the  portals. 

As  has  been  noted  previously,  the  rock  at  the  portals  was  very 
poor  (Fig.  14),  and  particular  care  had  to  be  taken  not  to  expose 
too  much  of  it  at  a  time.  The  structure  for  the  lower  level  was  first 
completed  (Fig.  16),  and  also  for  the  upper  level  inside  the  portal, 
where  the  excavation  had  already  been  made  to  the  full  section. 
The  work  at  the  center  was  trimmed  carefully  to  the  neat  line  for 
about  20  ft.,  commencing  at  the  point  where  the  upper  level  had 
already  been  completed,  and  working  toward  the  portal  (Fig.  15). 
While  the  center  was  being  trimmed,  the  rock  on  the  sides  was  made 
secure  by  posting  or  cribbing  from  the  roof  of  the  structure  of  the 
lower  level.  The  center  line  steel  and  concrete  wall  was  then  built 
for  about  15  ft.,  and  carried  up  solid  to  the  rock  above.  After  the 
rock  was  thus  caught  up  at  the  center,  the  roof  on  one  side  was 
trimmed  and  the  arch  placed  (Fig.  17),  after  which  the  other  side  was 
completed.  In  this  way,  by  working  from  the  finished  structure  toward 
the  portal,  trimming  small  stretches  at  a  time,  and  keeping  the 
exposed  rock  in  the  roof  well  supported,  the  trimming  at  the  portals 
and  the  widening  out  for  the  station  platforms  were  accomplished 
successfully. 

Excavation,  99th  to  102d  Streets. 

Between  99th  and  102d  Streets,  the  transition  is  made  from  a 
double-deck   tunnel   structure   to   one   with   four   tracks   on   the   same 
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level.  The  span  of  the  tunnel  at  99th  Street  is  32  ft.  (Fig.  19),  and 
this  gradually  increases  until,  at  100th  Street,  the  span  is  GO  ft. 
(Plate  VI).  At  this  point,  the  local  tracks  have  been  offset  sufficiently 
to  clear  the  two  center  tracks  in  the  lower  level,  and  continue  north- 
ward in  two  separate  one-track  tunnels,  the  rock  core  between  them 
(over  the  center  tracks)  not  being  removed.     (Plate  VI.) 

METHOD  OF  EXCAVATION 

IN  TUNNEL 

96TH   STREET  STATION 


,,,.h£\2& 


Fig.  16. 
In  making  the  excavation  for  the  widening  north  of  99th  Street, 
a  section  approximating  that  of  the  typical  double-deck  tunnel  was 
first  taken  out,  and  the  structure  for  the  lower  level  completed.  The 
roof  was  then  trimmed  at  the  center  to  permit  the  erection  of  the 
center  steel,  and,  after  the  rock  was  solidly  blocked  up  from  the  tops 
of  the  columns,  the  excavation  was  increased  to  its  full  width  without 
requiring  any  additional  timbering,  except  for  occasional  posting 
under  unsound  rock. 
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The  most  difficult  part  of  the  tunnel  work  on  Lexington  xVvenue 
was  the  excavation  for  the  transition  between  100th  and  102d  Streets. 
The  tunnel  for  this  stretch  had  a  span  of  60  ft.,  and  the  rock  was 
cut  up  and  disintegrated,  and  would  hardly  stand  without  support 
for  the  span  of  one  track  (15  ft.).  The  situation  was  complicated 
further  by  the  fact  that  the  plans  did  not  contemplate  the  excavation 
of  the  rock  core  over  the  center  tracks  (lower  level)  and  between  the 
local  tracks  on  the  sides. 

The  general  scheme  of  prosecuting  the  work  was  to  complete  first 
the  excavation  for  the  center  tracks,  build  this  part  of  the  structure, 
and,  after  the  rock  over  the  roof  was  properly  caught  up,  to  make 
the  excavation  for  the  local  tracks  on  the  sides.  The  excavation 
for  the  two  center  tracks  was  continued  northward  to  about  100th 
Street  v/ithout  encountering  any  special  difficulties.  Going  north 
from  100th  Street,  the  rock  began  to  get  bad,  and  it  became  evident 
tJiat  it  would  not  be  safe  to  make  the  excavation  for  the  full  width 
of  the  two-track  structure  without  the  use  of  timbering.  As  the  con- 
tractor desired  to  continue  the  use  of  his  air  shovel  for  nmcking, 
and  as  the  use  of  the  ordinary  methods  of  timbering  requiring  posting 
would  interfere  with  the  operation  of  the  shovel,  it  was  decided  to 
narrow  the  excavation  to  a  width  of  about  18  ft.,  ^liis  being  s-ufficient 
to  permit  the  use  of  the  air  shovel.  The  excavation  was  confined 
to  one  side,  so  that,  when  completed,  the  structure  for  one  track 
could  be  built.  It  was  hoped  that  the  rock  would  arch  for  this  small 
span,  and  that  by  this  procedure  there  would  be  no  necessity  for 
timbering.  This  scheme  was  successful  for  the  greater  part  of  the 
work,  but  occasionally  there  were  places  where,  even  with  such  a 
small  span,  it  was  necessary  to  support  the  roof.  In  these  cases,  in 
order  to  permit  the  use  of  the  air  shovel  for  mucking,  the  timbering 
had  to  be  placed  so  that  it  would  not  interfere  with  the  shovel  or 
with  the  construction  that  was  to  follow  later. 

The  general  manner  of  putting  in  roof  supports  in  these  cases 
(Fig.  21)  was  about  as  follows:  When  unsound  rock  was  encountered, 
the  excavation  was  advanced  with  a  small  heading  (8  by  8  ft.),  the 
rock  in  the  heading  being  secured  temporarily  by  posting.  At  a 
point  where  the  excavation  to  the  neat  line  had  been  completed  pre- 
viously, recesses  were  cut  in  the  side  rock  above  the  line  of  the 
roof  of  the  finished  structure,  and  24  or  26-in.  I-beams  were  placed 
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Fig.   17. — Half  of  Roof  in  96th  Street  Station  Concreted. 


Fig.   18. — Rock  Conditions  at  102d  Street  Portal. 
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crosswise,  with  the  ends  of  the  beams  concreted  into  these  recesses. 
A  temporary  horsehead  was  then  set  up  in  the  heading,  and  longi- 
tudinal beams  were  placed,  supported  on  the  horsehead  and  the  cross- 
beams. The  rock  was  then  blocked  up  from  the  longitudinal  beams, 
and  the  section  was  increased  to  its  full  width,  after  which  another 
set  of  cros=-beams  was  put  in  just  below  the  horsehead,  and  the 
longitudinal  beams  were  brought  to  bear  on  this  new  set.  The  small 
lieading  was  then  advanced  another  50  ft.,  and  the  operation  repeated. 

Tbese  systems  of  timbering  were  used  for  about  200  ft.  of  tlie 
tunnel,  and  though  they  were  efHcient  for  the  purpose  of  supporting 
the  rock  and  permitting  the  use  of  the  shovel,  they  interfered  seriously 
with  the  progress  of  the  work,  as  it  took  about  a  week  to  put  in  about 
t>0  ft.  of  the  timbering,  during  which  period  the  work  of  excavation 
had  to  be  discontinued.  For  this  reason,  toward  the  close  of  the 
job,  the  use  of  the  air  shovel  was  abandoned,  the  excavation  was 
confined  to  only  one  track  at  a  time,  and  all  loose  rock  was  carefully 
removed.  In  some  cases  it  became  necessary  to  remove  the  rock 
as  high  as  12  ft.  above  the  roof  line,  and  though  the  contractor  did 
not  receive  any  payment  for  the  excavation  outside  of  the  neat  lines, 
he  preferred  to  remove  all  loose  and  dangerous  rock  rather  than 
attempt  to  hold  it  in  place  with  timber.  A  powerful  electric  search- 
light was  kept  on  the  job  at  all  times,  and  examinations  of  the  roof 
were  made  several  times  a  week,  all  loose  rock  being  removed. 

The  rock  throughout  this  stretch  was  very  poor,  and,  as  very 
little  timbering  was  used,  it  was  necessary  that  the  excavation  be 
followed  by  the  construction  as  soon  as  possible,  for,  though  the  roof 
was  carefully  scaled,  the  constant  blasting  loosened  up  the  rock,  so  that 
it  was  inadvisable  to  leave  it  exposed  and  unsupported  for  any 
considerable  length  of  time.  Besides,  the  contractor  was  not  permitted 
to  widen  the  center  excavation  for  the  two  tracks  until  the  structure 
for  the  one  track  had  been  completed  and  the  rock  over  it  had  been 
caught  up,  or  to  make  the  excavation  for  either  local  track  on  the 
side  until  the  roof  of  the  structure  for  the  adjacent  express  track 
had  been  completed  and  the  rock  over  it  had  been  safely  caught  up. 

At  first,  the  space  over  the  roof  was  filled  with  hand-packed  rock, 
but  this  proved  unsatisfactory,  for,  when  the  excavation  was  made 
for  the  local  tracks  on  the  sides,  the  hand-packing  was  not  sufficient 
to  hold  the  rock  core  over  the  exj^ress  tracks  in  place.     Horizontal 
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seams  stai'ted  to  develop  in  the  core,  and  the  voids  in  the  hand- 
packing  as  well  as  the  cracks  in  the  rock  core  were  then  grouted  with 
Portland  cement  grout  to  prevent  bringing  concentrated  loads  on  the 
roof.  After  this,  where  the  excess  space  was  not  too  large,  or  where 
the  rock  was  very  poor,  the  roof  concrete^was  carried  solid  to  the  rock 
above;  wtiere  the  rock  broke  very  high,  continuous  longitudinal  con- 
crete walls,  from  2  to  4  ft.  thick,  were  built  over  each  of  the  partition 
walls  of  the  structure  "and  carried  solid  to  the  rock  above,  and  the 
space  between  the  walls  was  filled  with  hand-packing  (Plate  IX). 

No  attempt  was  made  to  excavate  for  the  local  tracks  on  the  sides 
until  the  adjacent  express  track  structure  had  be6n  completed  and 
the  overlying  rock  had  been  caught  up.  The  plans  called  for  an 
emergency  exit  to  the  surface  at  100th  Street,  with  a  cross-drift  over 
the  express  tracks  connecting  the  two  outside  tracks.  The  contractor 
used  this  shaft  and  drift-,  as  working  points  from  which  to  make  the 
excavation  for  the  local  tracks. 

While  the  excavation  for  the  local  tracks  was  being  made  north 
and  south  from  100th  Street,  work  was  also  started  at  the  102d  Street 
portal.  At  this  point,  the  structure  consists  of  four  tracks  on  the 
same  level,  the  tunnel  having  a  cross-section  of  60  by  17  ft.  The 
rock  as  exposed  at  the  portal  was  faulted  and  broken  up,  and  it  was 
clear  that  it  would  not  be  safe  to  excavate  for  more  than  one  track 
at  a  time.  (Fig.  18.)  The  excavation  was  first  made  for  the  west, 
outside  (local)  track,  and  carried  south  about  75  ft.  from  the  portal. 
A  cross-drift,  about  20  ft.  wide,  was  then  carried  to  the  east  neat  line, 
and  the  excavation  for  the  east,  outside  (local)  track  was  extended 
north  to  the  portal.  After  the  structure  for  this  part  of  the  excavation 
had  been  completed  and  the  roof  had  been  concreted  solid  to  the 
rock  above,  the  excavation  for  the  two  center  tracks  was  made,  but 
prior  to  this,  and  as  an  additional  precaution  against  a  movement 
of  the  rock  over  the  portal,  concrete  buttress  walls  (about  3  ft.  thick) 
were  built  up  against  the  face  of  the  portal,  and  rested  on  the  roof 
of  the  finished  structure  in  the  open  cut  beyond  the  portal.  Three 
buttress  walls  were  built,  one  over  each  of  the  partition  walls  of  the 
subway  (Fig.  20). 

No  special  difficulties  were  encountered  in  making  the  excavation 
for  the  local  tracks  on  tKe  sides.  Precautions,  however,  had  to  be 
taken  to  protect  the  adjacent  finished  structure  (Fig.  22). 
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Fig.  23. — Excavation  for  Local  Tracks  in  Four-Track  Tunnel. 


Fig.  24. — Subway   Structure    Damaged   by   Blasting. 
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Fig.  25. — Damaged  Columns  Removed  and  Beams  Supported  by  12  by  12-In.  Post.s. 


Fig. 


2e. — Beam  Placed  Petween  Roof  Beams  to  Stiffen  Them  and  Distribute 
THE  Load  on  the  Side-Wall. 
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At  first,  the  excavation  for  each  local  track  was  made  as  a  separate 
tunnel,  leaving  a  core-wall,  from  3  to  4  ft.  thick,  between  the  excava- 
tion and  the  finished  structure.  The  core-wall  was  kept  about  25  ft. 
behind  the  heading,  and  was  shattered  so  much  by  the  adjacent  blasting 
that  it  could  be  easily  removed  with  little  drilling  and  blasting.  This 
method  was  soon  abandoned,  as  considerable  damage  was  done  to 
the  finished  structure,  by  pieces  of  rock  being  blown  against  the 
columns  during  the  blasting,  and  also  by  the  rock  of  the  core- 
wall  being  jammed  against  the  colunnis.  The  columns  were  protected 
by  timber  planks,  and,  in  some  cases,  by  encasing  them  in  the  concrete 
partition  walls  called  for  by  the  plans.  Though  in  some  instances 
the  concrete  was  injured  by  the  blasting,  the  damage  done  to  the 
structure  was  less  serious  than  in  the  cases  where  concrete  was  not 
put  in. 

Very  good  results,  as  far  as  protecting  the  steel  was  concerned, 
were  obtained  by  drilling  the  holes  laterally  and  firing  the  rock  away 
from  the  finished  structure.  Practically,  this  consisted  of  taking 
out  a  center  heading  and  later  removing  the  top  of  the  section  with 
breaking-down  holes.  When  the  bench  was  removed,  a  4-ft.  coi-e-wall 
was  left  temporarily  between  the  excavation  and  the  finished  structvire. 
This  method  was  soon  abandoned,  as  its  use  generally  required  plat- 
forms or  scaffolding  on  which  to  set  up  the  drills. 

The  final  and  most  successful  method  used  was  to  place  a  C3ntinu- 
ous  bulkhead  of  3-in.  planks  between  the  steel  and  the  rock  to  be 
excavated,  and  to  brace  the  columns  and  partition  wall  over  to  the 
center  wall  with  two  6  by  12-in.  braces.  The  excavation  was  made 
with  a  small  top  heading  and  three  benches,  a  6-ft.  core-wall  being 
left  temporarily  between  the  bench  and  the  columns.  The  core  was 
really  a  ])art  of  the  bench  that  had  not  been  drilled,  but  it  was 
shattered  so  much  by  the  other  blasting  that  it  could  be  removed  later 
with  very  little  drilling  and  blasting  (Fig.  23). 

Considerable  damage  was  done  to  the  structure  adjacent  to  which 
blasting  was  done  (Fig.  24).  The  contractor  was  required  to  cut  out 
and  replace  in  a  satisfactory  manner  about  200  ft.  of  16-in.  reinforced 
concrete  wall  and  columns.  Prior  to  removing  the  columns,  the  roof 
beams  were  posted  up  with  12  by  12-in.  timbers  to  prevent  any  settle- 
ment (Fig.  25).  In  some  cases  the  ends  of  the  center  track  roof -beams 
were   badly   damaged   as   well   as   the   columns,   and   it   was   not   con- 
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sidered  safe  to  attempt  to  remove  them.  In  these  cases  a  12-in. 
I-beam  was  placed  between  the  roof -beams  to  stiffen  them  and 
to  distribute  the -load  over  the  concrete  wall  instead  of  directly 
on  the  columns  when  the  side- walls  for  the  local  track  were 
placed  (Fig.  20).  In  some  cases,  also,  where  jack-arches  were  used 
in  the  roof,  they  were  badly  damaged.  As  it  was  not  considered  safe 
to  remove  these  arches  and  replace  them,  6-in.  cross-beams  were 
introduced  in  the  bottom  of  the  arch  and  grouted,  as  shdwn  in  Fig.  27. 

TREATMENT  OF 

DAMAGED  ROOF  ARCHES 

TUNNEL  100TH-102D  STREETS 


Propostd  Longitudiual 
0  Be.iin' 


(Recesses  in  arch  hauncli 
(for  6  beams  18"apart. 


Fig.   27. 

Some  repair  work  was  also  necessary  to  the  local  track  structures 
at  56th  and  T4th  Streets,  where  they  had  settled  on  account  of  the 
excavation  for  the  express  track  tunnel.  North  of  74th  Street,  con- 
siderable voids  were  found  under  the  track  floor.  The  ground  at 
this  point  was  a  soft  alluvial  soil,  and  it  did  not  seem  likely  that  any 
satisfactory  results  could  be  obtained  by  grouting.     Accordingly,  the 
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contractdT  \v;is  ordered  to  ro-lniild  the  footing's  undor  tlie  colnnins 
and  carry  tlioni  down  to  the  s;oil.  The  track  floors  were  aliso  re-built. 
South  of  7-itli  Street  the  void  space  was  foinid  undc^r  the  floor  for 
about  100  ft.-  of  the  structure,  the  voids  in  some  cases  beinc  as  great 
as  1  ft.  The '  work  in  the  express  tunnel  had  drained  the  soil  at 
tliis  point  so  tliat  it  was  compact  and  dry  when  repairs  were  to  be 
made.  Holes  were  placed  in  the  local  track  floor  about  10  ft.  apart, 
and  the  voids  were  filled  with  p:rout.  After  this  was  done,  investi- 
cating'  holes  were  again  ma'de  through  tlie  floor  and  grout,  and 
failed  to  disclose  any  void  space.  At  56th  Street,  when  settlement 
began  to  take  place,  the  contractor  immediately  grouted  the  space 
under  the  local  track  floor>'and  this  did  much  toward  checking  the  settle- 
ment. Later,  when  test  holes  were  made  through'  the  local  track 
floor,  the  grout,  in  some  case*,  was  found  to  be  20  in.  thick,  aild^ 
as  this  rested  on  good  soil,  it  was  not  necessary  to'rnake  any  material 
repairs,  as  it  was  possible  to  work  up  a  new  grade  with  the  structure 
in  its  final  location. 

Handling  of  Muck. 

In  the  work  on  Sections  8  and  9,  the  mucking  was  done  by  hand; 
on  Sections  10  and  11,  air  shovels  were  used.  The  excavated  material 
was  loaded  into  large  iron  buckets,  commonly  known  on  the  work  as 
"battleships",  and  was  not  handled  again  Until  dumped  into  the 
scows  for  disposal.  The  flat-top  trucks  used  v^ere  fitted  Y\-ith  cradles 
to  receive  the  bottom  of  the  "battleships". 

Plant. 

The  contractor's  plant  was  oi^erated  by  compressed  air  and  elec- 
tricity. The  power-i^lant  for  the  air  was  at  96th  Street  and  East 
Kiver.  Electric  current  was  furnished  by  the  New  York  Edison  Com- 
pany. 

Compressed-Air  Plant. — The  compressed-air  plant  consisted  of  five 
Tngersoll-Eand  compressors,  each  with  a  capacity  of  2  100  cu.  ft.  of 
free  air  per  min. ;  five  General  Electric  synchronous  motors  each  of 
350  h.p.,  6  600  volts,  and  24.7  amperes.  Five  receivers  were  used, 
two  6  by  18  ft.,  and  three  5  by  15  ft.  The  air  was  brought  to  Lexington 
Avenue  through  9Gth  Street  in  a  10-in.  pipe  line.  The  pipe  line  was 
extended  north  and  south  of  9Gth  Street  to  53d  and  lOOth  Streets,  and 
connections  were  made  at  the  shafts  as  required.     The  air  was  com- 
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pressed  to  a  pressure  of  100  lb.,  and  was  delivered  in  the  headings  at 
about  90  lb. 

Shovel. — Four  38-ton  Marion  shovels,  Model  No.  40,  with  1-yd. 
buckets,  were  used  on  Sections  10  and  11.  The  shovels  were  provided 
with  18-ft.  booms  when  working  in  the  double-deck  tunnels,  but  these 
were  cut  down  to  15  ft.  when  the  shovel  was  used  in  the  single-deck 
tunnel . 

Hoists. — The  electric  hoists  used  at  the  surface  at  the  shafts  were 
generally  Lambert,  direct-current,  60-h.p.  230  volts,  and  220  amperes. 
The  hoisting  engines  used  below  for  hauling  the  mucking  cars  were 
Lambert  7  by  10-in.  double-drum,  and  were  operated  by  compressed  air. 

Electric  Searchlight. — The  electric  searchlight,  used  in  examining 
the  roof  of  the  tunnel  before  the  lining  had  been  placed,  was  made 
by  the  Rushmore  Dynamo  Works,  being  described  as  Type  A,  110 
volts,  and  20  amperes. 

Pumps. — In  the  tunnel,  6-in.  Cameron  suction  i)umps,  operated  by 
compressed  air,  v/ere  used  to  discharge  the  water  into  sumps,  and 
from  there  the  water  was  discharged  into  the  sewers  by  electrically- 
operated  centrifugal  pumps. 

"Battleships:'' — The  "battleships",  or  buckets,  were  made  of  ^-in. 
wrought  iron,  and  were  4  ft.  8  in.  by  7  ft.  by  3  ft.  10  in.  Their 
capacity  was  4.6  cu.  yd.,  water  measure. 

Drills  and  Columns. — Ingersoll-Rand  G-in.  columns  were  used  to 
drill  the  headings.  The  tripod  drills  used  were  generally  Ingersoll- 
Eand,  Type  E-44  (with  31-in.  cylinder),  F-94  (3i-in.  cylinder),  and 
E-33  (3i--in.  cylinder).  A  depth  of  about  2  ft.  was  drilled  with  each 
sharpening  of  the  steel. 

The  extensive  use  of  the  tripod  drills  was  probably  due  to  the 
fact  that,  when  this  job  started,  the  hammer  type  then  on  the  market 
was  not  very  efficient.  The  maximum  length  of  steel  that  could  be 
used  with  such  drills  at  that  time  was  6  ft.  Toward  the  close  of 
the  work,  several  new  kinds  of  rotary  hand-drills  were  put  on  the 
market,  and  these  proved  so  satisfactory  that  they  practically  sup- 
planted the  heavier  drills  formerly  used  in  this  work.  The  first  hand- 
drills  used  were  the  McTviernan-Terry  non-rotating  hand-drill.  Style 
B.  These  were  replaced  later  by  the  Ingersoll-Rand  rotating  hand 
drills,  Type  BCR  No.  33  and  BCR  Xo.  430.  The  superiority  of  these 
small   machines   over   the    heavy   tripod   drills    is   shown   by   the   fact 
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that  they  will  drill,  on  an  average,  about  30  ft.  per  hour,  and  are  now 
supplied  with  steels  up  to  12  ft.  in  length.  The  saving  in  labor 
and  power  has  contributed  to  the  success  of  these  small  drills.  Aii 
ordinary  tripod  drill  with  a  3§-in.  cylinder  requires,  at  90  lb.  pressure, 
159  ft.  of  air,  and  must  have  a  drill  runner  and  a  driller's  helper  to 
run  it.  The  BCR  No.  33  hand-drill,  at  the  same  pressure,  requires 
90  ft.  of  air,  and  can  be  run  by  a  driller  without  a  helper.  The  tripod 
drills  require  the  steel  to  be  changed  every  2  ft. ;  but,  with  the  BCR 
drill,  from  6  to  8  ft.  can  be  drilled  without  a  change. 

Drill  Steel. — For  the  large  drills,  1^-in.  octagonal  steel  was  used; 
and  for  the  small  drills,  |-in.  hollow  hexagonal  steel.  A  set  of  steels 
for  the  large  drills  was  made  up  as  follows : 


Length 

of  steel. 

2  ft. 

9  in. 

4    " 

0    " 

6    " 

0    " 

8    " 

0    " 

10    '' 

0    " 

12    '• 

0    " 

14    " 

0    " 

Di&meter  of  steel, 

3 

in. 

24 

a 

2i 

a 

2 

a 

If 

a 

li 

u 

14 

a 

Cost  Data. 

The  following  figures  may  be  considered  fairly  accurate,  as  repre- 
senting the  cost  of  the  various  classes  of  work  indicated: 

Cost  of  excavation  per  cubic  yard  in  double-deck  tunnels. 
Sections  10  and  11 ;  sound  rock  not  requiring  timber- 
ing; miTcking  done  by  air  shovel $5.00 

Cost  of  tunnel  excavation  per  cubic  yard  in  sound  rock 
tunnel,  no  timbering  being'  used  (two-track  tunnel, 
Sections  8  and  9) $7.00 

Cost  of  tunnel  excavation  per  cubic  yard  in  misound  rock 
tunnels,  requiring  segmental  timbering  (two-track  tun- 
nels. Sections  8  and  9) $10.00 

Cost  of  tunnel  excavation  in  compressed  air  work  (10  to  16 
lb.).  Only  top  of  heading  excavated.  Segmental  tim- 
bering used  (two-track  tunnels,  Sections  8  and  9) .  . .  .  $15.00 
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In  computing'  the  foregoing  figures,  the  following  scale  of  wages 
and  general  charges  were  assumed,  the  scale  of  wages  being  based 
on  an  8-hour  day: 

Superintendent    $300.00  per  month. 

Tunnel  foreman   200.00     "        " 

Heading  foreman   ....        5.00  per  day. 
]\rucking   foreman    .  . .        4.00 

Drillers 3.68 

Driller's  helper    2.00 

Cranesman   5.00 

Shovel  runner   6.50 

Muckers    2.00 

Blacksmith   3.68 

Blacksmith's  helper   .  .       2.00 

Electrician    4.80 

Electrician's  helper    .  .       2.20 

Drill  repairer 3.00 

Timekeeper    3.00 

Hoist  runner   4.75 

Signalman    2.00 

Three-horse  teams   .  . .       9.00 

Master   mechanic 5.00 

Team  checker   3.00 

Powder  $0.14  per  lb. 

Dump   0.30  per  cu.  yd. 

Plant  running  and  depre- 
ciation       1.42  per  cu.  yd.* 

Administration  charges.  .10%  of  cost  of  labor  and  materials. 

Concrete  Lining. 

The  plans  for  the  subway  structure  in  the  tunnel  did  not  contem- 
plate the  placing  of  the  concrete  solid  to  rock  in  all  cases.  Where 
the  structure  had  an  arched  roof,  the  side-walls  were  in  all  cases  to 
be  concreted  solid  to  rock  up  to  2  ft.  above  the  springing  line  of  the 
arch.  Where  the  rock  was  good  and  did  not  require  any  timbering 
during  the  progress  of  the  excavation,  the  regular  construction  shown 


*  The  figures  for  the  Manhattan  tunnels  of  the  Pennsylvania  Railroad  are  given 
in  Tranaactions,  Am.  See.  C.  E.,  Vol.  LXVIII,  p.  192. 
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Fig.   28. — Longitudinal  Concrete  Walls  Over  Roof  of  Tunnel. 


Fig.  29. — Blaw  F'orms  Used  in  Concreting  Express  Tun.vels. 
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on  the  plans  was  put  in,  and  a  continuous  concrete  wall,  3  ft.  tiiick, 
was  built  over  the  center  wall,  solid  between  the  roof  and  the  overlying 
rock.  The  space  between  the  top  of  the  side-wall  and  the  center  wall 
was  then  filled  with  hand-packing.  In  the  tunnel,  with  four  tracks 
on  the  same  level,  where  the  steel-bent  construction  was  used,  the 
structure  was  treated  in  the  same  manner,  there  being  a  longitudinal 
wall  over  each  partition  wall  (Fig.  28). 

Where  the  rock  was  unsound,  and  timbering  had  to  be  used  for 
support  while  making  the  excavation,  the  structure  was  generally  con- 
creted solid  to  rock.  To  strengthen  the  timbering,  the  space  between 
and  back  of  the  timber  sets  was  first  packed  with  concrete  and  grouted 
(Fig.  6),  and,  later,  when  the  concrete  lining  was-  put  in,  it  was 
placed  solid  against  this  concrete  and  the  timber  sets  and  tlie  space 
between  the  timbers  and  the  lining  grouted.  The  grout  used  was 
generally  a  1 :  1  mixture. 

Mixing  and  Placing  Concrete. — Central  mixing  plants  were  used 
on  .all  the  four  sections.  On  Sections  8,  10,  and  11,  the  concrete  was 
mixed  dry  at  the  mixer,  and  water  was  added  on  the  work ;  on  Section  9, 
just  enough  water  was  used  to  wet  the  mass,  and  more  was  added  on 
the  work  when  considered  necessary.  The  concrete  was  generally 
dumped  on  the  roadway  decking  or  on  special  platforms,  and  then 
transferred  to  the  express  tunnel  below  through  iron  chutes. 

Several  different  methods  of  handling  the  concrete  in  the  express 
tunnels  were  adopted  on  different  parts  of  the  work.  The  concrete 
cars  were  loaded  directly  from  the  chutes  from  the  street  surface.  At 
first,  the  cars  were  dumped  on  a  platform,  and  the  concrete,  after 
being  passed  by  hand  to  several  working  platforms,  was  deposited  in 
place.  This  crude  method  of  handling  concrete  was  soon  abandoned, 
and  various  devices  were  used  so  that  the  concrete  could  be  deposited 
directly  on  a  working  platform  from  which  it  could  be  shoveled  into 
the  forms. 

On  Section  8  (two-track  tunnel),  the  common  practice  was  to  use 
a  ramp  Ipading  from  the  floor  of  the  express  tunnel  to  a  working 
platform.  The  cars  were  hauled  to  the  platform,  and  the  concrete 
was  dumped  and  placed  in  the  form  by  hand.  Though  this  was  an 
advance  over  the  previous  method,  it  was  open  to  the  serious  objec- 
tion that  the  ramps  blocked  the  mucking  tracks  so  that  it  was  im- 
possible to   remove  any  muck   while  the  concreting  was  being   done. 
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Where  this  objectionable  feature  became  so  serious  as  to  interfere 
materially  with  the  progress  of  the  work,  a  continuous  working  plat- 
form was  built  from  the  chute  to  that  part  of  the  tunnel  which  was 
being  lined,  so  that  there  were  separate  tracks  on  different  levels  for 
both  the  mucking  and  the  concrete  cars. 

To  dispense  ^vith  the  necessity  of  a  long  working  platform  and 
double  tracks,  the  contractor  on  Section  9  used  a  lift  to  raise  the 
concrete  cars  to  the  level  of  the  working  platform  (Fig.  30).  The 
latter  was  provided  with  transfer  tracks,  so  that  only  one  lift  was 
necessary    to    raise    the    concrete    for    either    arch.      This    method    of 
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handling  the  concrete  eliminated  all  the  objectionable  features  previ- 
ously mentioned. 

Toward  the  close  of  the  work,  another  satisfactory  method  of  han- 
dling the  concrete  in  the  express  levels  was  introduced  on  Section  11 
(Fig.  31).  The  concrete  car  was  mounted  on  a  timber  framework 
built  on  a  flatcar,  so  that  the  concrete  could  be  dumped  directly  on 
the  working  platform. 

A  continuous  traveler  or  bucket  elevator  (Fig.  32)  was  tried  for 
a  short  time,  but  was  soon  abandoned,  as  it  did  not  prove  very  suc- 
cessful. The  main  objection  was  that  the  quantity  of  concrete  that 
could  be  handled  in  this  way  was  too  small.     The  concrete  for  the 
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roof  was  deposited  on  the  platform  and  then  shoveled  into  the  forms; 
the  concrete  for  the  side-walls  was  dumped  in  a  sloping  troush,  leading 
into  the  forms. 

Forms  for  Concreting. — Pigs.  29  to  34  illustrate  the  principal  types 
of  forms  used  in  concreting  the  express  tunnels.  Where  the  excavation 
was  through  sound  rock  which  did  not  require  any  timbering,  the 
general  practice  was  to  use  the  Blaw  movable  forms  (Figs.  29  and 
33).  Where  the  tunnel  excavation  had  to  be  timbered,  the  posts 
prevented  the  satisfactory  use  of  the  Blaw  forms,  it  being  impossible 
to  move  them.  In  these  cases,  forms  of  wood  or  those  having  steel 
ribs  with  longitudinal  lagging  were  used  (Fig.  34). 

The  tunnel  work  was  started  in  April,  1912,  and  completed  in 
December,  1914.  The  work  was  done  under  the  supervision  of  the 
Public  Service  Commission  for  the  First  District,  Alfred  Craven,  M. 
Am.  Soc.  C.  E.,  Chief  Engineer.  The  writer,  as  Assistant  Division 
Engineer,  was  in  charge  of  the  construction  described  in  this  paper. 
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EARTH  PRESSURES:  A  PRACTICAL  COMPARISON 
OF  THEORIES  AND  EXPERIMENTS.* 


By  L.  D.  Coknish,  M.  Am.  Soc.  C.  E. 


Synopsis. 


Of  all  structures  which  the  engineer  of  to-day  is  required  to 
design  for  conditions  of  static  loading,  there  is  probably  none  which 
is  so  irritating  as  the  ordinary  retaining  wall.  This,  of  course,  is 
due  to  the  lack  of  definite  and  correct  data  relative  to  the  pressures 
exerted  by  the  various  kinds  of  earthy  materials  and  to  the  variety 
of  formulas  which  have  been  proposed  for  determining  the  amount 
and  direction  of  the  resultant  earth  pressure  which  acts  on  a  re- 
taining wall. 

The  writer  has  studied  with  a  great  deal  of  interest  all  the  books 
and  papers  he  could  obtain  concerning  earth  pressure  theories,  and 
the  formulas  or  graphical  analyses  derived  therefrom.  Such  study 
has  been  confined  principally  to  a  comparison  of  solutions  based  on 
the  Rankine  theory  with  those  based  on  the  sliding-wedge  theory, 
and  certain  facts  were  developed  which  appear  to  discredit,  in  certain 
particulars,  these  commonly  accepted  theories.  It  is  quite  probable 
that  other  investigators  have  observed  at  least  some  of  the  same 
results,  but,  as  the  writer  had  never  seen  them  discussed,  he  thought 

*  This  paper  will  not  be  presented  at  any  meeting  of  the  Society,  but  written  com- 
munications on  the  subject  are  invited  for  subsequent  publication  in  Proceedings,  and 
with  the  paper  in  Transactions. 
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the  matter  of  sulficieut  importance  to  assemble  the  results  of  his 
studies  in  this  brief  paper. 

Frequent  reference  will  be  made  to  the  theories  and  formulas  as 
either  those  of  Kankine  or  Cain.  A  reference  to  Rankine  is  intended 
to  relate,  not  only  to  the  theory  and  formulas  for  the  special  cases 
as  advanced  by  Rankine,  but  also  to  the  solutions,  based  on  his 
theory,  covering  all  cases  of  inclination  of  a  wall,  as  developed  and 
published  by  Milo  S.  Ketchum*  and  ]\I.  A.  Howe,f  Members,  Am. 
.Soc.  C.  E.  A  reference  to  Cain  relates  to  the  solution  by  William 
Cain,  M.  Am.  Soc.  C.  E.,  of  the  wedge  theory  as  given  in  his  paper:}: 
and  in  Ketchum's  book. 

Formulas  to  express  the  resultant  earth  pressure,  as  derived  from 
the  two  theories,  are  similar,  and  in  some  cases  identical;  but  the 
direction  of  the  resultant  force  is  different  in  all  cases,  except  for  a 
wall  with  vertical  back  and  with  the  angle  of  surcharge  equal  to 
the  angle  of  internal  friction.  These  formulas,  particularly  those 
involving  surcharge,  are  somewhat  complicated,  and  it  is  impossible 
to  grasp  mentally  their  entire  significance  relative  to  the  dimensions 
of  a  wall  to  resist  the  forces  indicated  by  them.  The  writer  has 
endeavored  to  show  graphically  the  results  obtained  in  actual  wall 
design  by  the  use  of  the  different  formulas  and  by  values  obtained 
in  certain  experiments,  so  that  the  points  of  interest  may  be  dis- 
cussed without  resorting  to  mathematics.  To  accomplish  this,  and 
to  avoid  complications  in  equations,  due  to  uneconomical  distri- 
bution of  masonry  in  the  walls,  all  wall  sections  discussed  will  be 
triangular  and  designed  as  to  width  so  that  the  resultant  of  the 
external  forces  shall  cut  a  horizontal  plane  of  the  wall  at  the  outer 
edge  of  the  middle  third. 


Nomenclahire. — The  nomenclature  used  in  Figs.  1  to  15,  and  dis- 
cussion thereof  is  that  used  by  Cain  in  his  paper  discussing  Leygue's 
experiments,  and,  for  the  remainder  of  this  paper,  is  the  same  as 
that  used  by  Ketchum  in  his  "Walls,  Bins,  and  Grain  Elevators". 
The  differences  are  few  and  should  cause  no  confusion,  and  the  use 

*  "The  Design  of  Walls,   Bins,   and  Grain  Elevators." 
t  "Retaining  Walls  for  Earth." 

}  "Experiments  on  Retaining  Walls  and  Pressures  on  Tunnels",  Transactions, 
Am.  Soc.  C.  E.,  Vol.  LXXII,  p.  403. 
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of  both  will  facilitate  quick  comparison  with  the  works  of  the  authors 
mentioned. 

h  =  vertical  height  of  wall ; 
ch  =        "  "to  center  of  pressure  on  AB,  Fig.  1, 

1 

ph  =  width    of    base    of 
wall; 
p  =  ratio     of    base    to 

height ; 
e  =  weight  of  earth  per 
cubic  foot  (Cain- 
Leygue) ; 

w  =  weight  of  earth  per  cubic  foot  (Ketchum)  ; 
W  =  total  weight  of  earth  per  linear  foot ; 
w^  =  weight  of  wall  per  cubic  foot ; 
W^  =^  total  weight  of  wall  per  linear  foot ; 
P  =  resultant  earth  pressure  per  linear  foot  of  wall ; 
Pgand  Pfr  =  the  horizontal  and  vertical  components,  respectively, 
of  P; 
^j^  ^  A^^  e/i- =  normal  component  of  P  (Cain-Leygue)  ; 
E^  =  E^  tan.  <^^  =  component  of  P  parallel  to  back  of  wall 
(Cain-Leygue)  ; 
A;  =  cohesion,  in  pounds  per  square  foot  (Cain-Leygue); 
A" j^  =  coefficient  of  E^  (Cain-Leygue); 

t  =  inclination  of  surface  of  earth  to  horizontal   (Cain- 
Leygue)  ; 
8  =  inclination  of  surface  of  earth  to  horizontal    (Ket- 
chum) ; 
a  =  angle  between  back  of  wall  and  the  vertical,  counted 
as    positive    or    negative,    as    in    Fig.    12*    (Cain- 
Leygue)  ; 
<^  =  angle  of  repose   (internal  friction)   of  the  earth  fill; 
<^^  =  angle  of  friction  of  the  earth  filling,  on„ the. Jjack^of 
the  wall ; 


Reproduced  herein  as  Fig.  1. 
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$  ^=  angle  between  the  back  of  the  wall  and  a  horizontal 

line  extending  into  the  fill  ^  90  +  a ; 

1  —  sin.  0  <.,.,' 

r  =  =   the  Eanknie  ratio  of  horizontal  to  ver- 

1  +  sin.  (p 

tical  earth  pressures  =  t,  as  used  by  Ketchuni. 

In  discussing  his  solution  of  the  sliding-wedge  theory,  Cain  refers 
to  various  experiments,  among  which  are  those  made  by  Leygue*  and 
in  Table  3  of  his  paper  before  this  Society. f  Cain  gives  certain  results 
of  Leygue's  experiments.  Leygue's  experiments  were  made  with  dry 
sand  and  retaining  boards,  AB,  which  could  be  rotated  about  the 
bottom,  A,  in  order  to  produce  any  desired  inclination  to  the  vertical, 
as  shown  by  Fig.  1,  Suitable  observations  were  taken  and  results 
obtained,  from  which  the  values  of  K^,  as  given  in  the  last  column  of 
Cain's  Table  3,  could  be  computed.  The  reader  is  referred  to  Cain's 
paperf  for  additional  details. 

The  values  of  K^  show  the  relative  variation  in  the  total  normal 
thrust  against  walls  under  different  conditions  of  loading  and  in- 
clination of  the  back  of  the  walls,  but  convey  no  immediate  idea  of 
the  dimensions  of  the  walls  necessary  to  withstand  such  thrusts,  and, 
after  all,  the  dimensions  are  of  most  interest  to  the  practical  engi- 
neer or  designer. 

As  a  preliminary  to  the  discussion  of  the  formulas  in  common  use, 
and  to  provide  for  subsequent  comparison  of  designs  based  on  theory 
with  those  based  on  experiments,  retaining  walls  were  designed  to 
satisfy  the  experimental  values  of  K^,  as  given  in  the  last  column  of 
Cain's  Table  3.  In  designing  the  walls,  the  unit  weight  of  earth,  e, 
was  assumed  at  100  lb.  per  cu.  ft.,  and  the  weight  of  wall,  w,  at  140  lb. 
per  cu.  ft.  The  resvilting  designs  are  shown  by  Figs.  2  to  8,  and  it 
may  be  noted  that  the  values  of  e  and  h  selected  are  such  that 
eJir  =  10  000,  and,  consequently,  the  normal  thrust,  E^,  is  10  000 
times  K^,  or  the  significant  figures  of  E^  of  the  designs  and  of  K^  of 
Cain's  Table  3  are  the  same. 

The  width  of  the  base  of  the  walls,  ph,  was  computed  from  the 
equations  for  p  shown  for  Figs.  2  to  15,   which  equations  are  condi- 

*  These  experiments,  with  discussion  thereon,  may  be  found  in  Annates  des  Fonts 
et  ChausseeSj  November,  1885. 

t  "Experiments  on  Retaining  Walls  and  Pressures  on  Tunnels",  Transactions, 
Am.  Soc.  C.  E.,  Vol.  LXXII,  p.  403. 
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Eoi  FigB.  2  andS 

Let  tan.  a.— 4  K^  "^  Bee.  0  sin.  ( <p~a)  "  A 

2X,-—  sec.  (j)  [sin.  (0-a)  tan.  a  +  cos.  (0-a )]  'B 

then 
J>  "  T  +  V(4)^  +B-tan.  O 


P— 8^j.^t»^*  +  \^C2K,=a5.tan.0)^8irj^, 


Figs.  2  to  8  derived  from, 
experimental 'x  of..Table  3j  q£ 
Cain's  paper. 


For  Figs.  7  and  8 

Iiettaiua  +A£j^^Bec.  0  8in..(04-a")  -4 

and 
2  £:,  -Jr  [2  sec.  0  sin.  (  0  +  a)  tan.  a — aec.  a]  «  B 

then 


H^4;4-"  K  tt-e-*; 


« .'>^ 


Note :  The  letters  C,  .i2  and  X  in  parentheses  indicate  that  the  fi8TireB.accompany-. 
"ing  tbem  were  derived, respectivelj;,  from  formulas  of  Gain   Rank-iue  (modified),  and 
theoretical  values  of  K,  for  ft  =0,  as  given  in  Table  3,  of  Cain's  jiaper.  The  figures 
are  shown  for  cheeking  and  comparison. 


Figs.  9  to  15  Cain,  or  from  Equations  36  to  43,  Ketcbum,  page  49. 
>•     9  and  10  Rankine,  from  data  17j;  Ketchum,  page  36. 
"     11  to  15        "  "     Equations  5,  8  and  8o,  Ketchum. 
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tional  on  the  resultant  of  all  forces  piercing  the  outer-third  point, 
und  the  design  was  checked  graphically  as  sho\\Ti  in  the  figures. 

It  may  be  noted  that  the  required  width  of  base  steadily  increases 
frona  Fig.  2  to  Fig.  8.  It  is  believed  that  any  engineer,  given  these 
seven  different  cases  at  the  same  time  and  in  a  graphical  form,  would 
expect  such  a  progressive  increase,  and  that,  in  all  cases,  he  would 
assert  that  an  increase  in  the  angle  of  surcharge,  i,  would  require  an 
increase  in  the  width  of  the  base.  It  is  this  point  only  which  the 
foregoing  discussion  of  Leygue's  experiments  is  intended  to  emphasize 
for  subsequent  reference  thereto. 

In  his  paper,  Cain  showed  that,  in  considering  Leygue's  experi- 
ments, the  effect  of  cohesion  should  not  be  neglected,  and,  by  graphical 
constructions  and  computations,  he  derives  theoretical  values  of  E^,  as 
given  in  the  next  to  the  last  column  of  his  Table  3  for  assumed  values 
of  cohesion,  1-,  as  given  in  the  third  column  of  that  table.  It  may  be 
noted  that  the  experimental  values  of  K^,  as  used  in  preparing  Figs. 
■2  to  8,  agree  closely  with  the  theoretical  values,  for  k  is  equal  to  1  lb. 
per  sq.  ft.  Cohesion  is  usually  neglected  in  practical  designing,  and, 
to  show  the  effect  of  such  neglect,  walls,  as  shown  by  the  smaller  sec- 
tions of  Figs.  9  to  15,  were  designed  for  the  theoretical  values  of  K^ 
corresponding  to  h  =  0.  All  other  assumptions  were  the  same  as 
those  used  for  Figs.  2  to  8  and,  therefore,  the  increase  in  section  or 
base  width  is  due  entirely  to  the  neglect  of  cohesion.  The  theoretical 
values  of  A\  were  derived  by  Cain  from  his  theory;  hence  these  are 
also  the  sections  which  result  from  the  use  of  his  formulas,  and  are 
marked  for  identification  with  his  name.  The  base  widths  required 
for  the  same  conditions  were  computed  from  the  Rankine  formulas, 
as  modified  by  Ivetchum  or  Howe,  and  the  resulting  sections  are  the 
larger  ones  marked  Eankine  in  Figs.  9  to  15. 

A  study  of  these  fourteen  sections  discloses  three  points  of  interest 
which  warrant  further  investigation. 

The  first  and  most  apparent  point  is  the  Rankine  section  of  Fig. 
12,  which  is  smaller  than  the  Rankine  section  of  Fig.  11,  although  it 
is  apparent  by  inspection  that  it  should  be  larger  on  account  of  the 
2:1  surcharge  slope  of  the  earth  behind  the  wall.  That  it  should  be 
larger  is  proved  by  Leygue's  experiments,  as  Fig.  5,  with  2 :  1  sur- 
charge, has  a  base  18 9^  wider  than  Fig.  4,  which  has  no  surcharge.     It 
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is  also  noted  that  the  Raukiue  section,  Fig.  13,  for  a  3 :  1  slope  has  a 
base  about  1%  less  in  width  than  the  Eankine  section  of  Fig.  11,  which 
has  no  surcharge.  These  discrepancies  between  theory  and  experiment 
indicate  that  the  formulas  derived  from  the  Rankine  theory  are  er- 
roneous, at  least  for  certain  conditions.  This  particular  disagreement 
between  theory  on  one  side  and  reason  and  experiment  on  the  other 
will  doubtless  be  as  surprising  to  many  engineers  as  it  was  to  the 
writer,  and  it  will  be  discussed  hereinafter  in  greater  detail  and  for 
various  conditions. 

The  second  point  of  special  interest  is  that,  whereas  the  base  of 
the  experimental  section,  Fig.  4,  is  30%  wider  than  that  of  Fig.  3, 
yet  the  corresponding  theoretical  section,  Fig.  11  (Cain),  is  9%  nar- 
rower than  that  of  Fig.  10  (Cain).  This  indicates  that,  for  walls  with 
backs  sloping  toward  the  back-fill,  the  Cain  and  modified  Rankine 
formulas  give  sections  unnecessarily  large.  Walls  of  this  kind  are 
so  unusual  in  practice  that  the  writer,  as  yet,  has  made  no  further 
investigation  of  this  case. 

The  third  point  is  that  the  increase  in  base  width  of  Figs.  14  and 
15  (Cain)  over  that  of  Figs.  7  and  8  (Leygue),  is  much  less  than  the 
corresponding  increase  for  other  comparable  sections.  This  indicates 
that  possibly  the  use  of  Cain's  formulas  for  surcharged  walls  with  a 
battered  back  results  in  sections  only  a  little  larger  than  for  a  case 
of  no  surcharge.  Such  is  the  case  for  walls  with  a  vertical  face  and 
battered  back,  as  will  be  shown  hereinafter. 

In  order  to  put  the  formulas  of  Rankine  and  Cain  in  a  comparable 
form,  equations  were  deduced  for  p,  the  base  width  of  triangular  walls 
expressed  as  a  percentage  of  the  height.  All  the  formulas  for  earth 
pressures  as  used  are  given  by  Ketchum,*  and  his  nomenclature  has 
been  adopted  for  the  following  discussion  in  order  to  facilitate 
references. 

The  wall  sections  and  equations  are  shown  by  Figs.  16  to  19  for 
the  Rankine  formulas,  and  by  Figs.  20  to  23  for  the  Cain  formulas. 
For  the  derivation  of  p,  as  shown,  it  is  required  that  the  resultant  of 
all  forces  shall  cut,  and  that  the  moments  shall  be  taken  about,  the 
outer-third  point  of  the  base.  The  derivation  of  p  for  Figs.  16,  17, 
18,  and  20  is  evident  by  inspection,  as  Figs.  17  and  20  require  only 
the  solving  of  the  quadratic  equation  of  moments. 

*  "The  Design  of  Walls,  Bins,  and  Grain  Elevators." 
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For  Fig.  19,  the  earth  thrust,  P,  against  the  wall  is  the  same  as 
the  thrust  against  the  vertical  plane,  he,  of  height,  h^.  The  height, 
h^  ^^  h  -\-  h  tan.  a  tan.  ^ 

(cos.  (p  COS.  a  +  sin.  (p  sin.  a)        /;  cos.  (cp  —  a) 

COS.  (p  COS.  a  COS.  (p  cos.  a 

By  substituting  this  value  of  h^,  the  equations  shown  on  Fig.  19 

are  obtained,  which  equations  are  in  a  convenient  form  for  practical 

problems. 

It  is  somewhat  easier  to  derive  i)  by  substituting  for  h^  its  value, 

h  (1  +  tan.  a  tan.  ^). 

The  equation  of  moments  now  becomes, 

v)h    r 

sin.  cp  cos.  0(1  +  tan.  a  tan.  (pf  tan.  a  -|-  (1  +  tan.  a  tan.  0)  tan.^  a 

6    L 

—  cos.^  (p  (1  +  tan.  a  tan.  <pf     =  0; 

whence  tan.^  a  (1  +  sin.^  0)  —  cos.^  0  =  0; 

fl  —  sin.^  0 

and  tan    a  =  , -. — s —  =  T)- 

\1  +  sm.2  0 

For  Fig.  22,  the  equation  of  moments  is, 

h  tan.  re  —  90)  ^  ^      h 

P  sin.  (6  +  0  —  90) =  P  COS.  (Q  +   0  —  90)  — ; 

3  o 

whence  tan.  (9  —  90)  =  cot.  (9  +  0  —  90)  =  p  ; 

or  cot.  6  =  tan.  (9  +  0); 

and  cot.  9  —  tan.  9  —  2  tan.  0  =  0; 

but,        '  cot.  9  =  —  j:>  ; 

therefore,  p^  +  2  p  tan.  0  —  1  =  0  ; 


whence,  p  =  —  tan.  0  +  Vtan.^  0+1 


1  —  sin.  0 


V: 


~  \'l  +  sin.  0 

which  is  the  same  as  for  Eankine  Fig.  18.  It  also  may  be  shown  that 
Pfl  and  Pj-  (Cain)  are  eqvial  in  amovuit  to  P  and  IT,  as  shown  in  Fig.  18. 
For  Fig.  23  it  may  be  shown  in  a  similar  way  that  2J  =  \^  f,  but,  in  this 
case,  Pff  and  P^-  are  greater  in  amount  tlian  for  the  similar  forces  of 
Fig.  22.  (They  are  four  times  as  great  when  </>  =  30°.)  There- 
fore, an  analysis  of  Fig.  23  shows  that  the  surcharge  merely  produces 
greater    compressive    stresses    in    the    wall,    and   the    equations    for   p 
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indicate  that  surcharging  a  wall  does  not  increase  its  tendency  to 
overturn  so  long  as  the  unit  compression  stress  remains  within  safe 
limits.  Such  an  indication  is  so  contrary  to  one's  preconceived  ideas 
of  the  effect  of  surcharge  that  the  theory  from  which  it  results  can 
scarcely  be  accepted  until  it  is  substantiated  by  experimental  proof. 

It  may  be  noted  that  for  Figs.  18,  19,  22,  and  23,  the  equations 
for  p  show  that  the  width  of  the  base  is  independent  of  the  weight  of 
either  the  wall  or  the  back-fill. 

Th«  equations  for  Figs.   IG  and  17  give  identical   values  of  p    for 

v:  100 

—  =  — —  and  0  =  0°,  30°,  or  90°  ;  but  p  for  Fig.  17  is  the  lesser  for 

10^  140  .  ° 

values  of  <^  between  30°  and  90°  and  greater  for  values  less  than  30°, 
although  the  difference  is  not  marked,  as  will  be  shown  hereinafter. 
The  narrow  base  resulting  from  the  Rankine  surcharge  formula  is 
due  to  the  assumption  that  the  resultant  earth  thrust  is  parallel  to 
the  inclined  surface,  as  this  assumption  introduces  a  vertical  com- 
ponent which  produces  a  resisting  moment  sufficient  to  balance  the 
excess  overturning  moment  due  to  the  surcharge.  This  virtually 
means  the  assumption  of  frictional  resistance  on  the  back  of  the  wall, 
an  assumption  which  Cain  makes  for  all  cases  in  his  solution  of 
the  sliding-^vedge  theory. 

The  figures  and  equations  for  p  on  Figs.  16  to  23  show  inadequately 
the  inconsistencies  of  both  theories  when  applied  to  various  cases, 
but  they  show  that  neither  theory  gives  results  for  surcharged  walls 
which  accord  with  the  inference  drawn  from  wall  failures  or  from 
the  experiments  of  Leygue,  namely,  that  for  any  type  of  wall,  if 
the  surcharge  is  increased,  the  section  must  also  be  increased,  pro- 
vided the  walls  must  satisfy  the  requirement  that  the  resultant  shall 
cut  the  outer-tliird  point,  or  any  other  common  point  within  the  base. 

The  difference  between  the  cases  sho^mi  by  Figs  16  to  23  is  shown 
more  clearly  by  Fig.  24,  on  which  the  p  curves  are  plotted  with  ref- 
erence to  the  rectangular  co-ordinates,  <^  and  p.  The  reference 
numbers  on  the  curves  refer  to  Figs.  16  to  23.  The  equations  of  the 
curves  are  either  shown  or  reference  is  made  to  Figs.  16  to  23  on 
which  they  may  be  found,  and  for  all  equations  including  the  weight 

,    ,        w  100 

of  the  wall  and  the  earth,  it  was  assumed  that  —  = 


?fi  140 
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Curves  1  to  8  of  Fig.  24  show  the  differences  between  the  Eankine 
and  Cain  formulas  and  also  between  the  formulas  for  the  extreme 
conditions  of  no  svircharge  and  maximum  surcharge,  but  give  no  indi- 
cation of  the  peculiar  results  obtained  by  the  Rankine  formula  for 
Fig.  12  which  is  so  much  smaller  than  the  corresponding  wall, 
Fig.  11,  which  is  not  surcharged.  This,  however,  is  shown  by  the 
curves,  2a  and  26,  in  the  equations  for  which  <^  is  a  constant  and  8  a 
variable  between  the  limits,  zero  and  <^.     These  curves  indicate  that 


80 


60 

■©• 

«M  50 
o 

EC 
<0 

3 
30 


•20 


10 


Vs 

/ 

r- 

5 

r 

\K 

^^ 

s 

A 

/r 

A 

4\ 
R  \ 

\ 

\ 

I 

i 

J 

/ 

5 

^ 

\5' 

c\ 

\ 

\^    X 

\ 

i>A-5=^ 

1 

\          V 

^. 

f 

TRIANGULAR  WALLS 
CURVES  SHOWING  VALUES  OF  P 
The  numbers  on  the  curves  refer  to  the  sections 
and  to  the  corresponding  sections  of  Figs.  16  to  23 
For  equations  of  curves  se&Kigs.  16  to  23  and  text, 
For  curves  2a,  26  and  la,  0  ie  a  constant  and  S 
ya  variable. 

cA 

■^ 

a'^ 

y 

V 

H 

V 

— 

h 

\ 

\ 

^ 

\ 

M       ? 

k 

%s^ 

N 

\ 

'= 

1 

0 

^ 

^ 

X 

k 

^ 

0.1 


0.4  0.5  0.6 

Values  of  p 
Fig.  24. 


0.8 


0.9 


surcharging  a  wall  increases  its  stability  against  overturning,  and 
that  a  minimum  base  width  is  required  when  the  angle  of  surcharge 
is  only  a  few  degrees  less  than  that  of  repose  or  of  maximum  sur- 
charge. Curve  4a  has  no  minimum  for  finite  values  of  8,  but  is 
similar  to  the  others  in  indicating  a  rapid  decrease  in  p  for  small 
decreases  in  8  from  its  maximum  value  of  <^. 

The  equations  of  Curves  2a,  26,  and  4a  are  as  follows : 
COS.  5  —  V  cos.^  8  —  cos.^  0 


Let  A  =  cos. 


COS.  5  +  V  cos.^  5  —  cos.'^ 


0 


(/i.   Equation    8),  in 
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which  <^  is  a  constant;  then  for  2a  and  2h, 


w  I   /to      ,     .         \  ^  (f     , 

7>  =  —  —  A  sin.  S  +   .      I  —  A  sin.  S  )     +    —  JL  cos.  S: 

and  for  Curve  4o, 


^  COS.  d 
1> 


Jt 


^4  tan.  d  sin.  5 

It  is  obvious  that  inferences,  relative  to  surcharged  earth  pressure, 
to  be  drawn  from  Curves  2a,  2h,  and  4a,  and  from  the  similarity  of 
Curves  1  and  2-6,  are  fallacious,  and  that,  consequently,  the  Rankine 
theory — that  the  resultant  earth  thrust  is  parallel  to  the  inclined 
surface  of  surcharge — is  erroneous. 

The  writer  has  never  been  able  to  find  or  think  of  any  good 
reason  for  assuming  that  the  slope  of  surcharge  should  govern  the 
slope  of  the  resultant  earth  thrust  for  great  depths,  but  will  refrain 
from  discussing  it,  as  it  is  not  the  object  of  this  paper  to  present  a 
theoretical  discussion,  but  to  show,  in  as  practical  a  way  as  the 
writer  could  devise,  the  results  obtained  from  the  application  of  the 
two  principal  existing  theories. 
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Synopsis. 

This  paper  describes  the  underpinning  of  the  Yestry  and  School 
Building  of  the  Corporation  of  Trinity  Church,  which  was  made 
necessary  by  subway  construction. 

The  building  is  on  Church  Street,  between  Fulton  and  Yesey 
Streets,  Borough  of  Manhattan,  New  York.  It  is  a  brick  structure 
with  thick  walls,  having  four  floors,  basement,  and  part  attic,  and  was 
constructed  about  30  years  ago. 

The  Church  Street  subway  curves  at  Pulton  Street  and  passes 
beneath  the  building  and  beneath  the  Churchyard  of  St.  Paul's  Chapel 
to  Yesey  Street.  The  subway  structure  consists  of  two  circular  tun- 
nels, each  20  ft.  in  diameter.  The  tops  of  these  tunnels  are  just  be- 
neath the  level  of  the  footing  stones  of  the  building.  As  the  tunnels 
run  diagonally  beneath  the  building,  it  was  necessary  to  remove  its 
original  foundations  entirely,  to  construct  new  foundation  piers,  and 
to  transfer  the  load  of  the  building  to  these  new  piers  by  means  of 
cross-girders. 

The  paper   describes  how  this  work  was  done,   and  how  the  new 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with   discussion  in  full,   will   be   published   in  Transactions. 
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foundation  piers  were  sunk  so  as  to  cause  the  least  disturbance  to 
graves  and  vaults. 

The  brick  walls  of  the  building  were  first '  strengthened  by  fasten- 
ing to  them  heavy  lattice  girders  on  each  side,  and,  on  the  Fulton 
Street  face  fastening  two  60-in.  plate  girders  in  a  similar  manner. 

Excavations  for  the  new  underpinning  piers  were  made  at  selected 
intervals,  so  that  the  settlement  of  the  building  could  be  kept  under 
control. 

The  paper  describes  the  use  of  concrete  underpinning  piles,  and 
gives  the  results  of  a  number  of  tests  made  to  determine  their  bear- 
ing capacities.  These  tests  showed  that  the  piles  had  a  tendency  to 
rebound  when  pressure  was  relieved,  and  the  paper  describes  how  this 
element  of  weakness  is  overcome  when  such  piles  are  used  for 
underpinning. 

The  method  of  tunneling  through  the  sand  beneath  the  Church- 
yard and  building  is  described. 

Surveys  were  made  before  the  work  was  undertaken  and  after  it 
was  finished,  and  these  showed  that  the  subway  construction  work 
caused  the  building  to  settle  approximately  2  in.,  which  was  fairly 
uniform  on  account  of  the  manner  in  which  the  underpinning  piers 
were  sunk. 

The  contract  price  for  1  000  ft.  of  this  subway  construction  work 
was  $982  740.  The  work  commenced  in  June,  1913.  Both  tunnels 
were  completed  in  June,  1914.  The  basement  floor  of  the  building 
was  restored  to  the  owners  by  October,  1914.  The  final  restoration 
of  the  whole  property  was  practically  finished  in  April,  1916. 


As  the  underpinning  of  the  Vestry  and  School  Building  of  the 
Corporation  of  Trinity  Church  was  an  unique  example  of  protection 
work,  made  necessary  by  subway  construction  in  !New  York  City,  the 
writer  presents  the  following  description  which  he  hopes  will  be  found 
of  interest  by  many. 

The  chief  features  of  this  underpinning  were  the  entire  removal 
of  the  original  foimdations,  the  construction  of  new  foundation  piers 
to  an  elevation  below  the  sub-grade  of  the  tunnels,  and  the  transfer- 
ence of  the  load  of  the  building  to  these  new  piers,  without  interfer- 
ing with  its  occupancy  or  use. 
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Fig.   1. — General  View  of  Trinity  Vestry  Building  and   St.   Paul's 
Churchyard. 


Pig.  2. — Longitudinal  Lattice  Girder  Being  Erected  and  Fastened  in  Place. 
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The  building  is  on  the  west  side  of  St.  Paul's  Churchyard,  and 
faces  on  Church  Street  between  Fulton  and  Yesey  Streets.  Fig.  1 
is  a  general  view  of  the  building,  which  shows  clearly  its  chief  char- 
acteristics and  the  proximity  of  the  Churchyard,  with  its  graves  and 
vaults. 

The  building  is  of  brick,  having  four  floors,  basement,  and  a  part 
attic.  It  has  a  gabled  roof,  with  side  gables,  or  dormers,  all  having 
slopes  of  45  degrees.  The  walls  are  2  ft.  thick  above  the  water-table, 
and  2  ft.  9  in.  below  that  level.  The  floor-beams  are  supported  on  the 
outside  walls.  In  addition  to  these  outside  walls,  about  100  ft.  of 
interior  walls  also  carry  weight.  The  floors  are  surfaced  with  wooden 
or  mosaic  flooring,  according  to  the  use  of  the  various  rooms.  The 
building  is  of  heavy  construction,  and  was  completed  about  30  years 
ago. 

The  subway,  known  as  Route  5,  was  designed  to  rim  north  on 
Church  Street  as  far  as  Fulton  Street,  then  to  curve  eastward  be- 
neath the  Yestry  Building  and  the  Churchyard  to  Vesey  Street,  and 
then  to  curve  again  to  the  northward  into  Broadway.  A  special 
agreement  was  entered  into  between  the  Vestry  of  Trinity  Church 
and  the  Public  Service  Commission,  representing  the  City  of  New 
York,  whereby  the  Vestry  gave  the  City,  imder  certain  restrictions, 
a  right  of  way  for  the  purpose  of  constructing  tunnels  for  a  rapid 
transit  railway  beneath  the  Church  property.  The  right  of  way  was 
deeded  to  the  City,  as  the  Vestry  realized  that  this  subway  work  was 
part  of  a  great  municipal  improvement. 

The  City  was  given  possession  of  the  basement  for  18  months,  so  as 
to  facilitate  the  work  of  construction,  and  agreed  to  build  new  founda- 
tions capable  of  carrying  a  new  building  of  eight  stories  or  one  of 
lighter  construction  not  exceeding  ten  stories. 

Fig.  3  is  a  plan  of  the  building,  and  shows  the  positions  of  the  east 
and  west  tunnels  beneath  the  building  and  the  proportion  of  the 
foundations  cut  away  by  them.  The  tops  of  these  tunnels  were  just 
beneath  the  level  of  the  footing  stones  under  the  building  walls,  as 
shown  in  Fig.  4. 

An  examination  of  the  building  was  made  before  any  work  was 
done;  its  condition  was  carefully  noted,  and  all  defects  or  cracks 
were  recorded.  Survey  marks  were  made  at  various  places  around  the 
exterior  walls,  and  their  elevations  taken. 
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.   .Tte  following  are  the  dimensious  of  the  building : 

-     'S length  on  Church  Street 164  ft.  0  in. 

-•-Width  on  Fulton  Street. .  .;'/'^.  ..•yUiO;W-!..o;U.  to  v-85' ft.  0  in. 

-■:i..-.  Width  on  Vesey  Street 48  ft.  0  in. 

Length  of  exterior  walls 428  ft.  0  in. 

■      Ared' bf  ground  plan.  .."yM  .is^byyi  .'/^;^h4.'-.     6  055  sq.  ft. 
Area  of  one  floor  (less  walls).  ..vV.^. .-i. . . . ..     5  340  sq.  ft. 

The  following  are  the  estimated  weights : 

Exterior   walls 7  950  000  lb.  =  3  975  tons. 

.       Interior  walls  and  partitions.  ..  994  000  "=  497  " 

Floors..... "'773  000  "=  386.5  " 

Plastering,  ceilings  and  walls...  797  000  "=  398.5  " 

Roof    construction 393  000  "=  196.5  " 

^,  ,    .Equipment,  trim,  plumbing,  etc.  501  000  "  =  250.5  " 

"  .-    Live   load,    maximum. 1  378  000  "=  689  " 


Total  weight  on  foundations,  12  786  000  lb.  =  6  393      tons. 
The  area  of  the  original  foundations  was : 

•Under  exterior  walls.  ..  i  44  .J^^  2  140  sq.  ft. 

--.iio.XJiide'r  interior  weight-bearing  wdlsJ'^.^a-t.'^^T^.axi      400    "     " 

i  '''-  '  Ti;g  oilt  io\ 

Total  area  of  foundations.  .  ..fi4' A  i'iIj.iLt6;'iae<!2  540  sq.  ft. 

The  unit  loading  on  the  original  foundations,  assuming  the  weight 
to  be  distributed  uniformly  over  the  footings,  therefore,  was  2.51  tons 
per  sq.  ft. 

The  soil  was  sand,  varying  in  places  from  fine  to  moderately  coarse. 
Mean  high  water  level  was  23  ft.  below  the  street,  but  the  ground-water 
was  found  about  4  ft.  6  in.  above  that  level.  Pumping  in  the  adjacent 
subway  excavations  reduced  the  ground-water  to  about  high  water. 

After  conferences,  the  City  agreed  that  the  new  foundations  should 
be  able  to  support  the  building  if  four  new  stories  of  similar  con- 
struction were  added,  or  their  equivalent  in  weight.  These  additional 
floors  were  estimated. at  3  907  tons. 

Original  weight  of  building 6  393  tons. 

Additional  weight,  agreed  upon 3  907      " 

Estimated  load  for  new  foundations 10  300  tons. 
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This  estimated  load  on  the  exterior  walls  (10  300  tons  divided  by 
428)  equals  24  tons  per  lin.  ft. 

As  the  load  would  be  supported  principally  by  the  side  exterior 
walls,  it  was  arbitrarily  agreed  that  the  underpinning  under  the  side- 
walls  should  carry  more  weight  and  under  the  end-walls  less  weight 
than  the  average;  or 

End-walls 12  tons  per  lin.  ft. 

Side-walls 28      "       "       "      " 


TRINITY  CHURCH 
VESTRY  BUILDING 

FOUR  STORIES, 

ATTIC, AND  BASEMENT, 

FULTON  STREET  FACE 

SHOWING  TUNNELS. 


Fig.  4. 
The  plan  for  vmderpinning  finally  adopted  consisted  of  sinking  115 
pits,  each  5  ft.  square,  under  and  around  the  building,  but  placed  so 
as  to  clear  the  tunnels,  as  sho^vn  in  Fig.  3.  These  pits  were  then  filled 
with  concrete.  Girders  were  designed  to  span  the  tunnels,  and  were 
placed  across  the  concrete  piers  in  such  a  way  that  they  would  pass 
under  the  walls  of  the  building.     The  load  of  the  building  was  then 
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gradually  transferred  to  these  piers,  or  to  the  girders  and  by  them  to 
the  piers.  This  plan  will  be  better  comprehended  by  referring  to  Fig.  4, 
which  is  a  section  at  the  Fulton  Street  face,  and  Fig.  5,  which  is  a 
section  through  the  building  at  about  mid-length. 

In  Fig.  4,  the  west  tunnel  is  under  Church  Street,  clear  of  the 
building,  and  has  reverted  to  the  standard  rectangular  section.  The 
east  tunnel  is  just  emerging  from  the  building.     It  then  changes  to  a 


SECTION  THROUGH 

VESTRY   BUILDING 

ABOUT  MID-LENGTH 


mmi!^^m 


w;'^A 


FlO.  5. 

rectangular  section,  and  unites  with  the  west  tunnel.  In  Fig.  5,  both 
tunnels  are  under  the  building,  or  Churchyard,  and  are  of  circular 
section. 

The  first  operation  was  to  fasten  24-in.  lattice  girders  on  each  side 
of  the  foundation  walls.  These  girders  are  marked  L  2,  in  Fig.  3,  and 
are  shown  in  detail  in  Fig.  6.  At  Fiilton  Street,  the  24-in.  girders 
were  reduced  to  12-in.  so  as  to  make  room  for  the  cross-girders  marked 
G  5,  in  Fig.  3.    These  12-in.  lattice  girders  are  marked  L  1.    The  func- 


918 


UNDERPINNING  TRINITY  VESTRY  BUILDING  [Papers. 


C.L. 


2X  X  H  Pls.-^.'     '.'.t 
DETAILS  OF 
LONGITUDINAL  AND 


CROSS-GIRDERS. 


SCALE  OF  FEET 
0  12  3 


2  L's  6  X  4  X  5^1  Cover-Plates  9  x  ■ 


Web  24  X  % 


L3 


2  L's  6"x  4"x  "/l6 


Web  30  X  %6 


2  L's  5  X  3K  X 


Splice 


Splice 


G2 


GS 


G4 


Fig.   6. 


Papers.] 


UNDERPINNING   TRINITY   VESTRY   BUILDING 


919 


tion  of  these  longitudinals  was  to  strengthen  and  tie  the  brickwork 
together,  that  is,  to  make  it  more  monolithic  in  character.  The  brick 
walls  were  thus  enabled  to  distribute  the  loads  from  above  over  longer 
lengths,  and  to  span  safely  the  openings  which  were  to  be  dug  subse- 
quently for  the  concrete  underpinning  piers. 

At  one  place  on  the  Church  Street  side,  24-in.  longitudinal  plate 
girders,  20  ft.  long,  were  used  in  place  of  the  24-in.  lattice  girders. 
These  are  marked  L  3,  in  Fig.  3.  This  change  in  design  was  made  so 
that  the  load  of  the  side-wall  could  be  carried  over  a  space  left  between 
}iests  of  cross-girders,  which  had  to  be  placed  diverging,  so  that  their 
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Fig.  7. 


concrete  piers  could  clear  a  foundation  of  an  elevated  railway  column 
in  Church  Street. 

Projections  on  the  sides  of  the  footing  walls  were  cut  away,  leaving 
the  vertical  surfaces  somewhat  rough.  This  cutting  was  done  by  both 
hand-drills  and  by  power  channel  drills.  Grooves  were  cut  for  the 
angles  of  the  top  and  bottom  chords,  in  order  that  the  girders  could  fit 
snug  against  the  walls. 

The  girders  were  then  doweled  to  the  walls  at  frequent  intervals. 
The  dowels  were  square  rods  driven  into  the  walls  and  bent  over  to 
catch  the  framing  of  the  girders.  Ties  also  were  inserted  in  holes 
drilled  through  the  wall  at  intervals.     These  bound  the  top  chords  of 
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the  inside  and  outside  girders  together.  The  arrangement  is  illustrated 
in  Figs.  7  and  8.  After  the  girders  were  in  place  they  were  embedded 
in  concrete,  a  strong  bond  being  secured  by  the  friction  of  the  roughed 
surfaces  of  the  sides  of  the  walls  aided  by  the  dowels.  To  facilitate  the 
placing  of  these  girders,  they  were  built  up  in  place  and  bolted.  Splices 
were  staggered,  both  of  the  upper  and  lower  chords  and  of  parallel 
girders.  Fig.  2  shows  a  24-in.  longitudinal  lattice  girder  in  process  of 
erection.     It  is  similar  to  those  used  under  the  Vestry  Building. 
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Across  the  Fulton  Street  face,  two  60-in.  plate  girders  were  used 
in  the  same  manner  as  the  side  lattice  girders.  These  60-in.  girders  are 
marked  G  4,  in  Fig.  3,  and  were  made  in  three  parts  for  convenience  in 
placing,  the  sections  being  bolted  together  when  in  position.  They  were 
tied  together  by  12-in.  I-beams,  40  lb.  per  ft.,  as  shown  in  Fig.  8, 
and  were  encased  in  concrete.  The  weight  of  the  wall  was  transmitted 
to  the  girders  by  these  needle  I-beams,  as  it  was  not  deemed  wise  to 
rely  on  the  bond  of  the  concrete  casings. 
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After  completing  the  work  of  fastening  the  longitudinal  girders, 
G  -i,  L  1,  L  2,  and  L  3,  excavations  for  the  underpinning  piers  were 
conimenced.  Excavations  for  adjacent  piers  were  not  made  at  the  same 
time.  When  one  pit  was  started,  the  next  would  be  30  or  40  ft.  away, 
or  as  far  as  convenience  would  allow. 

The  pits  were  sunk  by  hand  digging.  As  the  excavations  proceeded, 
the  sides  were  box-sheathed  with  2-in.  planks  laid  horizontally.  These 
planks  were  cut  to  fit,  and  when  a  set  of  four  was  in  place  the  pieces 
were  toe-nailed  at  the  corners.  When  an  excavation  had  advanced 
sufficiently,  a  3  by  3-in.  timber  was  put  in  each  corner  and  spiked. 
Occasionally,  these  corner  timbers  were  cross-braced  with  waling  pieces 
which,  were  wedged  into  place.  No  difficulty  was  experienced  in  this 
work.  The  average  time  required  for  three  men  to  sink  one  of  these 
pits  varied  from  3  to  6  days,  including  from  1  to  2  days  in  making  the 
access. 

Each  pit  was  filled  with  concrete  as  soon  as  excavated.  For  piers 
directly  under  the  walls,  the  spaces  between  the  concrete  tops  and  the 
footing  course  were  packed  with  brick  and  cement,  all  tightly  wedged, 
so  that  such  pits  could  receive  their  share  of  the  lyiilding  load.  For 
piers  not  under  the  walls,  the  plate  girders,  marked  Gl,  G  2,  G  3,  and 
G  5,  in  Figs.  3  and  6,  were  put  into  place  and  secured.  The  spaces  be- 
tween these  girders  and  the  footing  course  w^ere  then  packed,  and  a 
portion  of  the  load  was  transferred  to  the  concrete  piers,  as  before. 
These  cross-girders  were  then  encased  in  concrete,  so  as  to  protect  the 
steel  and  make  the  nests  of  girders  into  solid  floor-slabs.  This  feature 
is  best  understood  by  referring  to  Figs.  3  and  7.  * 

As  there  were  115  of  these  concrete  piers,  each  5  ft.  square,  the 
average  load  on  each  was,  for  the  present  building  (6  393  tons  divided 
by  115  times  25)  =2.22  tons  per  sq.  ft.;  or,  for  the  assumed  future 
building,  would  be  (10  300  tons  divided  by  115  times  25)  =  3.58  tons 
per  sq.  ft. 

In  the  Churchyard,  some  of  the  graves  and  vaults  were  in  the  way 
of  the  pit  excavations.  To  avoid  disturbing  them,  cross-tunnels  v.'ere 
routed  in  from  convenient  sides,  at  sufficient  depths  to  clear  the  graves, 
as  shown  in  Fig.  5.  When  the  correct  locations  were  reached  by  the 
cross-tunnels,  the  pit  excavations  were  carried  down  vertically  in  the 
usual  manner. 
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It  was  the  original  intention  to  excavate  the  pits  for  the  concrete 
piers  to  about  ground-water  level  and  then  to  drive  concrete  piles  to 
a  depth  below  sub-grade.  As  the  subway  pumping  reduced  the  ground- 
water level,  the  plan  was  changed,  the  pits  being  carried  down  to  about 
1  ft.  below  sub-grade,  and  the  piles  omitted.  However,  at  the  Fulton 
Street  end,  short  concrete  piles  were  used  under  the  pits,  as  seen  in 
Fig.  4. 

Elsewhere  on  this  subway  route  some  similar  concrete  piles  were 
tested  by  the  contractors,  under  the  supervision  of  the  writer.  As  these 
tests  were  interesting,  the  results  are  here  given. 

Two  piles  were  tested  under  columns  of  the  elevated  railway  in 
Trinity  Place,  between  Rector  and  Thames  Streets,  during  January, 
1913,  and  three  piles  were  tested  under  the  retaining  wall  of  Trinity 
Churchyard,  just  north  of  Rector  Street,  during  February,  1913. 

The  piles  were  made  by  forcing  into  the  sand  a  steel  casing  14-in. 
in  diameter.  No.  12  gauge  (about  J  in.  thick).  The  casing  was  made 
in  sections  about  24  in.  in  length,  each  section  having  an  inside  sleeve 
so  as  to  permit  one  section  to  fit  on  top  of  the  one  just  below,  see  Fig.  9. 
The  steel  casing  was  sunk  by  a  pile-driver  until  its  upper  edge  was  level 
with  the  sand;  then  a  new  section  was  inserted,  and  the  driving  was 
continued  until  the  proposed  depth  of  pile  was  reached.  The  sand 
was  removed  by  a  small  grab-bucket  from  the  inside  of  the  casing  as 
the  sections  were  sunk.  When  the  entire  casing  was  in  place  and  the 
sand  had  been  removed  from  the  inside,  the  pile  was  formed  by  filling 
the  casing  with  1:2:4  concrete.  For  filling  below  ground- water,  the 
concrete  was  put  in  paper  bags  and  the  bags  were  lowered  into  place 
and  tamped.  After  about  2  ft.  had  been  filled  in  this  way  the  con- 
crete was  placed  by  a  bottom  self -dumping  bucket. 

The  piles  were  tested,  after  the  concrete  had  set,  by  a  hydraulic 
jack,  using  the  footing  courses  of  the  foundations  as  a  base  against 
which  the  jack  was  blocked.  Owing  to  the  short  stroke  of  the  jack,  the 
pressure  had  to  be  relieved  and  the  blocking  readjusted  as  each  pile 
sunk  under  the  test  loads.  Whenever  the  pressure  was  relieved,  there 
was  a  slight  rebound  of  the  pile.  A  graphic  representation  of  Test  IV 
is  shown  in  Fig.  9,  which  illustrates  this  rebound. 

Test  I. — Steel  casing,  9  in.  outside  diameter,  driven  inside  a  14-in. 
casing  which  had  buckled.     The  pile  was  15  ft.  long,  and  projected 
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about  2  ft.  bolow  the  14-in.  casing.     The  9-in.  casing  was  filled  with 
concrete.     The  soil  was  fine,  wet  sand. 


Time. 

Test  load, 
in  tons. 

Penetration, 
in  inches. 

Total  movement 

from  start  of  test, 

in  inches. 

3:59 
4:00 
4:06 
4:16 
4:18 
4:28 
4:83 
4:37 
4:42 
4:45 

0.0 
0.63 
18.80 
21.40 
31.40 
31.40 
31 .40 
37.70 
37.70 
0.0 

0.0 

0.0 

0.276 

0.012 

0.228 

0.156 

0.024 

0.864 

0.324 

0.336* 

0.0 
0.0 
0.276 

0.288 
0.516 
0.C72 
0.696 
1.560 
1.884 
1.548 

*  Rebound  when  pressure  was  relie\ed. 


Test  II. — This  test  was  made  to  measure  the  end  resistance  of  a 
9-in.  outside  diameter,  pointed  casing.  A  14-in.  steel  casing,  12  ft. 
long,  was  first  sunk,  and  about  2  ft.  of  sand  allowed  to  remain  at  the 
bottom.  Inside  this  casing  a  steel  pile  9  in.  in  diameter,  14  ft.  6  in. 
long,  of  i-in.  steel,  with  cast-iron  point,  was  driven  until  the  point 
was  below  the  outer  casing.  Neither  casing  was  filled  with  concrete. 
The  soil  was  fine,  wet  sand. 


Time. 

Test  load,  in  tons. 

Penetration,  in 
inches. 

Total  movement 

from  start  of  test. 

in  inches. 

3:15 

0.0 

0.0 

0.0 

3:16 

6.3 

0.875 

0.875 

3:18 

12.6 

4.0 

4.875 

3:24 

0.0* 

0.125t 

4.750 

3:26 

12.6 

0.8125 

5.. =5625 

3:29 

14.4 

1.1875 

6.75 

3:31 

18.8 

2.125 

8.875 

3:34 

0.0* 

0.25+ 

8.625 

3:38 

23.2 

7.625 

14.25 

3:44 

0.0* 

0.1875 

14.0625 

3:46 

25.1 

1.1875 

15.25 

3:51 

25.1 

1.0 

16.25 

3:52 

0.0* 

0.1875t 

16.0625 

3:57 

31.4 

1.8125 

17.875 

4:02 

.31.4 

0.6875 

18.5625 

4:03 

34.6 

1.375 

19.9:^75 

4:06 

0.0* 

0.3125+ 

19.625 

4:08 

31.4 

0.5625 

20.1875 

4:09 

34.6 

1.125 

21.3125 

4:10 

34.6 

0.75 

22.0625 

4:11 

34.6 

0.625 

22.6875 

4:12 

0.0* 

0.3125+ 

23.375 

*  Pressure   relieved,  to  reset  blocking  under  jack. 
t  Rebound,   when  pressure  was   relieved. 
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Test  III. — Steel  casing,  14  in.  in  diameter;  length  of  pile,  18  ft.; 
concrete,  1:2:4  mixture,  allowed  to  set  for  10  days.  The  soil  was  fine, 
wet  sand. 


Time. 

Test  load, 
in  tons. 

Penetration, 
in  inches. 

Total  movement 

from  start  of  test, 

in  inches. 

4:10 
4:11 
4:18 

4:21 

0.0 

1.9* 
32.0  1  , 
28.9  f^ 
34.5  1  . 
31.3)' 

0.0 
0.0 

8.940 

2.052t 

0.0 
0.0 

8.940 

4.998 

*  Pile  started  to  move  when  a  load  of  23  tons  was  reached. 
t  Load   slowly  reducing  by   a  leak   in   pump. 
t  Rebound  was  not  recorded. 

Test  IV. — Steel  casing,  14  in.  in  diameter;  length  of  pile,  12  ft. 
A  concrete  plug,  48  hours  old,  13J  in.  in  diameter  and  18  in.  long,  was 
first  dropped  into  the  casing.  Concrete  was  poured  into  the  casing 
above  the  plug  and  allowed  to  set  for  9  days.  The  soil  was  fine,  wet 
sand. 


Time. 

Test  load, 
in  tons. 

Penetration, 
in  inches. 

Total  movement 

from  start  of  test, 

in  inches. 

0.0 

0.0 

0.0 

23.2 

5.0 

5.0 

0.0* 

0.250+ 

4.750 

8:42 

85.8 

1.625 

6.375 

8:47 

24.5 

0.250+ 

6.125 

2:48 

32.0 

1.375 

7.500 

8:53 

30.8 

0.0 

7.500 

2:54 

36.5 

0.875 

8.375 

3:04 

38.3 

0.062 

8.4.37 

3:05 

0.0 

0.185+ 

8.312 

*  Pressure  relieved,  to  reset  blocking  under  jack. 
t  Rebound,   when  pressure  was   relieved. 

Test  V. — Steel  casing,  14  in.  in  diameter ;  length  of  pile,  16  ft.  6  in. ; 
concrete,  1 :  2 J :  4J  mixture,  allowed  to  set  17  days. 


Time. 

Test  load, 
in  tons. 

Penetration,  in 
inches. 

Total  movement 

from  start  of  test, 

in  inches. 

9:40 

9:42 

9:42:30 

9:43:30 

9:53:30 

0.0 
12.6 

18.8 
25.1 
25.1 

0.0  ■ 

0.1250 
0.3750 
1.12.50 
0.4375 

0.0 

0.1250 

0.5000 

1.6250 

2.0625 
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Test  V. — (Continued.) 


Time. 

Test  load, 
in  tons. 

Penetration,  in 
inches. 

Total  movement 
from  start  of  test, 

in  inches. 

9:54:30 
10:04:30 
10:06:00 
10:08:00 
10:17:00 
10:17:20 
10:17:30 
10:17:40 
10:18:00 
10:19:00 

31.4 
31.4 
35.8 
0.0* 
6.3 
12.6 
18.8 
25.1 
31.4 
36.4 

0.9375 

0.2500 

1.1250 

0.3750t 

0.0 

0.5000 

0.0 

0.0 

0.0625 

0.8135 

3.OO0O 
3.2500 
4.3750 
4.0000 
4.0000 
4.5000 
4.5000 
4.50OO 
4.5625 
5.3750 

10:19:20 
10:24:20 
10:29:20 
10:34:20 
10:49:20 
10:50:20 

37.7 
37.7 
37.7 
37.7 
37.7 
0.0 

0.3750 

0.1250 

0.0 

0.0 

0.3125t 

0.1250 
6.2500 
6.2500 
6.2500 
5.9375 

*  Pressure   relieved,   to   reset  blocking  under   jack. 
t  Rebound,   when   pressure  was   relieved. 

Some  conclusions,  deduced  from  a  study  of  the  test  loads  and 
penetrations,  are: 

(1)  The  initial  loads,  which  the  piles  supported  before  sinking, 
were  variable. 

(2)  The  sinking  increases  more  rapidly  than  the  load. 

(3)  When  the  pressure  is  relieved,  the  pile  rebounds. 

(4)  When  the  same  load  is  again  put  on  the  pile,  the  penetration 
is  greater  than  the  original  penetration,  that  is,  the  pile  sinks  more 
than  its  rebound. 

(5)  The  supporting  power  of  one  of  these  concrete  piles  depends 
chiefly  on  the  area  of  its  base.  The  side  friction  in  sand  probably'  does 
not  exceed  from  5  to  8%  of  the  load. 

(6)  To  secure  the  maximum  supporting  power  without  additional 
settlement,  a  concrete  pile  should  receive  its  permanent  load  while 
under  pressure,  that  is,  the  permanent  underpinning  load  should  be 
transferred  to  it  without  relieving  the  test  load. 

(Y)  This  latter  condition  can  be  accomplished  by  placing  struts 
between  the  footing  to  be  underpinned  and  the  pile  top  before  the 
pressure  of  the  jack  is  relieved. 

After  the  underpinning  work  had  been  completed,  and  the  load  of 
the  Vestry  Building  had  been  transferred  to  its  new  foundations,  exca- 
vation beneath  the  basement  was  commenced,  and  the  tunnels  were 
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allowed  to  advance  toward  the  building.  At  the  same  time,  excavation 
imder  Church  Street,  which  had  been  decked  with  wood,  also  was 
being  made. 

The  tunneling  commenced  from  a  shaft  in  Vesey  Street,  and  the 
east  tunnel  was  kept  somewhat  in  advance  of  its  westerly  mate.  Both 
tunnels  were  worked  forward  from  Vesey  Street  across  the  Churchyard 
toward  Fulton  Street.  They  are  20  ft.  in  outside  diameter,  and  are 
lined  with  cast-iron  plates  covered  with  concrete  inside. 


HALF  SECTION  OF  BENCH 

Blocking 


HALF  SECTION  OF  HEADING 

Jill  Frame 


METHOD  OF 
DRIVING  THE  TUNNELS 


DETAIL  OF  JILL  AND  FRAME 


Fig.  10. 


As  the  soil  was  sand,  varying  from  fine  to  medium  coarse,  the 
method  of  tunneling  adopted  by  the  contractors  is  shown  in  Fig.  10. 
Jills,  arranged  side  by  side  in  the  curve  of  the  roof,  and  supported  by 
cap  timbering,  were  driven  forward  by  jacks.  As  the  jills  were  pushed 
ahead,  the  space  behind  them  was  sheeted  and  filled  with  blocking  rest- 
ing on  the  caps.  The  sides  of  the  tunnel  were  sheeted  with  2-in.  plaidvs, 
held  in  place  by  braces  and  struts.  A  steel  pilot  girder  formed  the  base 
from  which  the  various  braces  and  capping  were  supported.  This  pilot 
girder  also  formed  the  truss  for  supporting  the  centering  machine 
which  raised  and  put  the  cast-iron  lining  sections  in  place. 
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The  excavation  was  carried  forward  by  an  advance  drift  close  under 
the  roof,  and  benches  formed  by  deeper  excavations  to  sub-grade  were 
kept  back  at  safe  distances,  depending  on  circumstances.  Timbering 
was  placed  as  the  section  was  enlarged,  and  the  cast-iron  lining  plates 
of  the  tunnel  were  erected  as  soon  as  the  full  section  was  cut.  Fig.  11 
shows  one  of  the  headings  as  it  advanced  under  the  Churchyard. 

The  Jills  were  made  of  timber,  sheathed  with  steel  plates  bent  over 
the  forward  nose  to  form  a  cutting  edge.  These  jills  rested  on,  and 
were  bolted  to,  steel  frames,  built  up  as  seen  in  Fig.  10,  and  were  all 
supported  on  timber  capping  braced  radially  from  the  tunnel  center. 
They  were  pushed  ahead  by  hydraulic  jacks,  the  center  one  being  kept 
slightly  in  advance  of  the  others.  The  sand  was  removed  in  cars  to 
the  Vesey  Street  shaft  and  hoisted  to  the  street. 

The  tunneling  was  accomplished  without  serious  accident,  although 
the  method  required  great  care  and  attention  to  prevent  slips.  There 
was  a  noticeable  loss  of  sand,  that  could  not  be  avoided,  and  there  was 
a  slide  of  sand  at  one  place  which  caused  a  marked  settlement  of  the 
Churchyard.  The  engineers  of  the  Public  Service  Commission  ap- 
proved the  tunneling  plans  before  work  started,  and  the  contractors  are 
entitled  to  credit  for  the  manner  in  which  the  work  was  done.  The 
tunneling  beneath  the  Churchyard  was  accurately  carried  forward,  and 
the  headings  entered  the  spaces  between  the  concrete  foundation  piers 
as  planned. 

When  the  drift  reached  the  partial  excavation  beneath  the  building, 
the  advancing  jills,  as  they  emerged  from  the  sand,  are  shown  in 
Fig.  12. 

Fig.  13  shows  the  excavation  beneath  the  building.  The  concrete 
foundation  piers  are  seen  on  both  right  and  left,  and  the  concreted 
cross-girders  are  shown  overhead.  The  cast-iron  lining  of  the  tunnel 
can  be  seen  in  the  background.  As  the  lining  plates  were  erected,  the 
spaces  around  them  were  back-filled. 

Fig.  14  is  another  view  of  the  excavation  beneath  the  building. 
The  basement  windows  can  be  seen  through  an  opening  between  the 
concreted  cross-girders. 

Fig.  15  shows  the  east  tunnel  at  Fulton  Street,  with  the  concreted 
cross-girders,  G  5,  overhead.  At  the  top  of  the  picture  in  the  fore- 
ground is  seen  the  footing  course  of  the  Fulton  Street  wall  of  the 
building. 
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Fig.   11. — View  in  Advance  Heading  of  Tunnel  Under  St.   Paul's  Churchyard. 


Fig.  12. — Tunnel  Jills  Breaking  Into  Space  Under  Trinity  Vestry  Building. 
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Fig.    15. — East    Tunnel    at    Fulton    Street.      Footing    Course    of    Building 
IS  Shown  Overhead. 


F^g.  16. — View  Showing  Concrete  Key  on  Inside  of  Completed 
Cast-Iron   Lining. 
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Fig.  16  is  a  view  inside  the  completed  cast-iron  lining  of  one  of  the 
tirunels.  It  shows  the  concvcte  key  of  the  inside  lining  which  was 
jacked  into  place  in  advance  of  the  general  lining. 

The  work  of  underpinning  and  of  transferring  the  load  to  the  new 
piers  caused  a  settlement  of  the  building,  as  shown  by  the  surveys,  as 
follows : 

At  X.E.  Corner,  on  Vesey  Street 1{^  in. 

•'    N.W.        "  "         "  "      lf\    " 

'•    center  of  Churchyard   side 1^    " 

"       ''         "   Church  Street  side •2-^%   " 

'•    S.E.  Corner,  on  Fulton  Street 21,1    " 

"     S  W            "            "             "                "                                                   '     93        a 
-  •'k 

A  few  cracks  of  minor  importance  developed,  and  the  plaster 
spalled  in  some  places. 

As  shown  by  the  survey  figures,  the  settlement  was  very  uniform. 
This  even  settlement,  and  the  slight  damage  to  the  building,  resulted 
from  digging  the  pits  without  regularity,  that  is,  by  not  excavating 
them  from  one  end  of  the  building  toward  the  other. 

The  contract  price  for  this  section  of  the  subway,  extending  from  a 
point  on  Broadway,  just  north  of  Barclay  Street,  to  Church  Street,  a 
distance  of  1  030  ft.,  was  $982  740. 

The  work  of  underpinning  was  commenced  in  June,  1913.  The 
longitudinal  girders  along  the  wall  footings  and  the  cross-girders  were 
all  placed  by  February,  1914.  Both  tunnels  were  completed  beneath 
the  building  by  June,  1914.  The  back-filling  under  the  building  was 
completed  and  the  basement  floor  and  rooms  restored  by  October, 
1914,  or  17  months  after  the  active  work  of  underpinning  was  started. 
The  final  restoration  of  the  property  was  delayed  by  the  work  under 
Church  Street,  requiring  the  adjustment  of  street  steam-supply  pipes, 
telephone  ducts,  sewers,  etc.,  until  April,  1916. 

The  contractors  were  Frederick  L.  Cranford,  Inc.,  and  the  work 
was  done  under  the  personal  direction  of  Mr.  F.  L.  Cranford  and 
J.  C.  Meem,  M.  Am.  Soc.  C.  E. ;  the  Superintendent  on  the  work 
was  Mr.  H.  L.  Robinson,  and  the  Assistant  Engineers  were  Messrs.  H. 
P.  Moran,  in  charge  of  the  office,  and  W.  McI.  Wolfe,  Assistant  Engi- 
neer on  field  work.    For  the  Public  Service  Commission,  Alfred  Craven, 
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M.  Am.  Soc.  C.  E.,  was  Chief  Engineer;  Robert  Eidgway,  M.  Am.  Soc. 
C.  E.,  Engineer  of  Subway  Construction;  and  Mr.  Jesse  O.  Shipman, 
Division  Engineer.  The  ^vl■iter  was  Consulting  Engineer  for  the 
Corporation  of  Trinity  Church,  and  was  assisted  in  supervising  the 
work  by  D.  C.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E.,  and  Mr.  W.  E. 
Moore.     The  photographs  were  taken  by  Mr.  Edwin  Levick. 
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Discussion,* 


Bv  F.  zuR  Neddex,  EsQ.f 


F.  ZUR  ISTEDDEN.t  EsQ.   (by  letter). § — The  writer  is  highly  gratified  Mr.  zur 
that  his  paper  has  brought  forth  such  a  valuable  contribution  to  the 
knowledge  of  the  flow  of  fluids  in  centrifugal  pumps  as  that  contained 
in  Mr.  de  Laval's  discussion. 

There  are  only  a  very  few  points  where  an  explanatory  remark 
would  seem  necessary.  For  instance,  Mr.  de  Laval  has  not  inter- 
preted the  paper  correctly  if  he  understands  the  writer  to  maintain 
that  secondary  currents  exist  at  all  flows.  ||  By  reference  to  pages 
1384-SGTf  it  will  be  found  that  the  statement  is  emphasized  that  vessels 
offering  a  minimum  of  resistance  to  flow  below  the  critical  limit  can 
offer  a  maximum  of  resistance  above  the  critical  limit,  due  to  induced 
currents  forming  in  the  latter  case  and  not  in  the  former.  As  this 
is  an  engineering  paper,  it  deals  throughout  with  speeds  above  the 
critical  limit,  only  such  speeds  being  generally  of  interest  to  the 
engineer;  those  below  that  limit  fall  mostly  within  the  domain  of  the 
physicist. 

The  two  critical  speeds  which  Mr.  de  Laval  mentions  on  page  2475** 
are  of  no  importance  to  the  engineer.  From  the  use  he  makes  of  the 
term  "critical  velocity"  later  (on  page  2476**,  Paragraph  3),  it  would 
seem  that  he  means  by  it  something  quite  different  from  the  well- 
defined  scientific  term. 

*  Discussion  of  the  paper  by  F.  zur  Nedden,  Esq.,  continued  from  December, 
1915,  Proceedings. 

t  Author's  closure. 
t  New   York    City. 

§  Received    by    the    Secretary    on    May    16th,    1916. 

II  Proceedings,   Am.   Soc.   C.   E.,   for  November,    1915,    p.   24T3,   paragraph   4. 
'i  Proceedings,   Am.    Soc.    C.   E.,    for   August,    1915. 
**  Proceedings,    Am.    Soc.    C.    E.,    for    November,    1915. 
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Mr.  zur  It  Certainly  is  a  source  of  great  satisfaction  that  the  results  ob- 
^^*^'^"'  tained  from  diffusors  such  as  Fig.  28  confirm  the  writer's  theories  in 
such  a  remarkable  way. 

Fig.  20  is  an  example  of  the  practical  application  of  the  writer's 
recommendation  to  steady  the  flow  at  the  entrance  to  impellers  by 
decreasing  the  area.  The  same  is  true  of  the  auxiliary  inlet  vanes 
such  as  Fig.  35. 

It  is  gratifying  to  have  as  complete  a  vindication  of  the  writer's 
thesis  as  the  following  sentence  on  page  2483*  by  Mr.  de  Laval,  one 
of  the  highest  authorities  among  pump  manufacturers  in  the  United 
States:  "The  common  suction  elbow  will  not  do." 

The  alleged  bad  experiences  of  Mr.  de  Laval  with  his  auxiliary 
profiles  is  not  considered  as  conclusive  evidence  against  the  expedient 
recommended  by  the  writer.  The  shape  of  the  entrance  chambers 
might  have  had  much  to  do  with  the  failure  of  his  experiments  in  1910. 
How  great  this  influence  is,  can  easily  be  ascertained  from  his  ex- 
cellent comparison,  illustrated  by  Fig.  38,  which  indeed  "speaks 
volumes". 

The  writer  is  confirmed  in  his  conviction  of  the  suprenie  value 
of  the  auxiliary  stream  line  profile  by  the  great  success  which  this 
expedient  has  secured  in  the  latest  designs  of  high-speed  turbines  by 
Messrs.  Voith,  of  Heidenheim.f 

Mr.  Trautwine  has  misunderstood  that  part  of  the  paper  which 
refers  to  the  resistance  due  to  a  bend.  The  writer's  opinion  is  based 
on  those  experiments  by  Messrs.  Williams,  Hubbell  and  Fenkell  which 
Mr.  Trautwine  quotes  as  proof  to  the  contrary. 

The  writer  wishes  to  express  his  thanks  to  the  participants  in  the 
discussion,  and  especially  to  Mr.  de  Laval,  who  has  furnished  infor- 
mation of  exactly  the  kind  which  it  was  hoped  to  bring  out. 

*  Proceedings,   Am.    Soc.   C.   E.,    for   November,    1915. 

t  Described  by  Oesterlen  in  Nos.  40  and  42  of  Zeitschrift  des  Vereins  Deutscher 
Ingenieure.  1915. 
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Discussion.* 


By  Bexjamix  F.  Groat,  M.  Am.  Soc.  C.  E.f 


Bexjamix  F.  Groat4  M.  Am.  Soc.  C.  E.  (by  letter ).§— Mr.  Ker-    Mr. 
shaw's  sug-gestions  as  to  the  use  of  the  term  "halo-hydroinetry"   are  *-^™**- 
worthy  of  consideration;  but  the  term  is  narrower  than  chemi-hydrom- 
etry,  and  thus  fails  to  include  chemicals  which  are  not  salts — acids, 
for  example.     Chemi-hydrometry  includes  color,  conductivity,  or  any 
other  property  which  can  be  changed  by  the  introduction  of  a  chemical. 

The  moving  screen  has  been  used  in  Europe  to  some  extent,  and 
has  been  proved  to  be  more  accurate  than  any  other  method  of  measur- 
ing large  volumes  of  flowing  water,  with  the  exception  of  chemi- 
hydrometry,  which  may  be  made  as  accurate  as  desired,  with  suffi- 
cient care  and  expense.  A  full  explanation  of  the  method  may  be 
found  in  a  paper  entitled  "The  Diaphragm  Method  for  the  Measure- 
ment of  Water  in  Open  Channels  of  Uniform  Cross-Section", ||  by  Carl 
Robert  Weidner,  Assoc.  M.  Am.  Soc.  C.  E. 

The  method  requires  a  diaphragm  which  fits  the  cross-section  of 
a  prismatic  conduit,  or  flume,  as  closely  as  practicable.  This  screen 
traverses  the  length  of  the  conduit  on  a  carriage  which  rolls  on 
wheels  guided  by  a  track.  The  volume  described  by  the  screen  in  any 
observed  period  of  time  is  theoretically  equal  to  the  volume  of  water 

*  Discussion  of  the  paper  by  Benjamin  F.  Groat,  M.  Am.  Soc.  C.  E.,  continued 
from   April,    1916,   Proceedings. 
t  Author's  closure. 
t  Pittsburgh,    Pa. 

§  Received   by   the    Secretary,    .June   3d,    1916. 
I!  Bulletin   of   the   University   of   Wisconsin,   No.    672,    1914. 
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Mr.  flowing  in  the  conduit  during  the  same  interval,  supposing  the  screen 
^'°*  ■  to  move  with  the  average  velocity  of  the  water. 

Concerning  the  action  of  the  salt  on  the  feed-water,  the  salt,  being 
in  very  dilute  solution,  caused  no  ''frothing"  of  the  water  when  pass- 
ing through  the  turbines,  and  there  was  no  short-circuiting  of  the 
meters  due  to  its  presence  in  the  water,  although  attention  was  called 
to  its  action  on  the  water  rheostat  when  it  was  used  in  Test  No.  105, 
(See  Section  109,  concerning  the  first  series  of  tests  of  Unit  No.  11.) 

The  writer  has  used  color  in  a  series  of  tests  with  very  satisfactory 
results.  Colors  may  be  matched  accurately  with  a  colorimeter,  but 
there  is  no  colorimeter  si)ecially  adapted  to  the  requirements  of  chemi- 
hydrometry,  the  need  of  which  is  suggested  at  the  close  of  Section  39. 
The  principal  objection  to  color  is  its  cost. 

The  Ott  meter  is  made  by  A.  Ott,  Kempten,  Bavaria.  The  Haskell 
meter  is  made  by  E.  E.  Haskell,  M.  Am.  Soc.  C.  E.,  Cornell  University, 
Ithaca,  N.  Y.  The  deep-sea  Haskell  type  gives  the  velocity  and  direc- 
tion of  flow  at  any  depth. 

Mr.  Fuller  describes  very  interesting  tests  to  determine  the  de- 
tention period  for  liquids  flowing  through  tanks,  and  to  determine 
capillary  volumes  by  means  of  salt  solutions  injected  into  the  influent 
and  measured  in  samples  of  the  effluent.  It  is  very  apparent  that 
diffusion  may  have  a  considerable  effect  on  the  results  thus  determined 
where  the  velocity. of  diffusion  is  large  relative  to  the  velocity  of  the 
water,  or  other  liquid,  into  which  the  salt  is  injected. 

In  the  case  of  turbine  tests,  however,  the  velocity  of  the  water  is 
relatively  high,  and  the  mixture  is  so  nearly  perfect  that  the  effects 
of  diffusion  are  small;  in  fact,  diffusion  assists  the  rate  of  mixing, 
and  produces  a  more  uniform  mixture  than  could  otherwise  be  ob- 
tained.   When  the  mixture  is  perfect,  there  is  no  diffusion. 

The  writer  does  not  share  with  Mr.  Peaslee  the  fear  that  engineers 
will  imagine  that  they  must  duplicate  all  the  detail  of  the  work  which 
was  undertaken  in  order  to  develop  a  theory  and  method  for  chemical 
testing.  It  is  very. easy  to  see,  for  example,  that  the  chemical  method 
may  be  applied  with  great  simplicity  to  the  test  of  a  centrifugal 
pump,  as  described  in  Section  51.  It  will  be  observed,  of  course,  that 
no  evaporations  are  necessary  in  this  and  similar  cases,  and  that  the 
necessary  chemical  equipment  consists  of  a  comparatively  small  salt- 
solution  tank  connected  to  the  suction  of  the  pump,  with  means  for 
measuring  the  weight  or  volume  of  the  solution  consumed,  and  a  very 
simple  outfit  for  taking  and  treating  the  samples  from  the  discharge. 

In  the  case  of  larger  operations,  the  tests  need  not  be  any  more 
complicated,  except  that  where  great  accuracy  is  required  with  large 
volumes  of  water  to  be  measured,  it  will  be  found  advantageous,  in 
the  majority  of  cases,  to  resort  to  evaporation  for  the  purpose  of  con- 
centrating the  samples.     Aboiit  the  only  real  difference  between  the 
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test  of  a  turbine  and  the  test  of  a  pump  lies  in  the  magnitude  of  the  Mr. 
operation,  which  varies  to  a  less  relative  extent  than  the  quantity  of  ^^°^^- 
water  measured.  Nor  is  it  expected  that  the  reader  will  necessarily 
adopt  the  detail  of  any  of  the  methods  treated  in  this  paper.  Engi- 
neers are  capable  of  planning  their  own  tests.  What  they  want  is 
reliable  theory  and  reliable  information  on  which  to  base  their  calcu- 
lations, estimates,  and  specifications,  without  the  necessity  of  experi- 
mentation. It  was  this  want  that  led  to  unusual  eiforts  in  the  tests 
which  form  the  subject  of  the  paper,  and  the  writer  will  indeed  feel 
satisfied  if  it  is  considered  that  he  has,  in  some  measure,  supplied  the 
deficiency. 

Mr.  Peaslee's  testing  automobile  is  very  interesting.  There  are,  no 
doubt,  many  opportunities  for  the  use  of  automobiles  in  transporting 
testing  equipment  from  place  to  place,  and  it  would  seem  that  there 
is  no  reason  why  the  titrations  could  not  be  performed  on  the  spot  by 
the  men  who  execute  the  remainder  of  the  test  of  any  particular  pump. 
With  very  little  practice  any  engineer  can  make  a  titration  to  0.1  or 
0.2  of  1%  by  following,  in  a  general  manner,  the  directions  in  Sections 
88  and  89.  It  should  be  remembered  that  the  proper  rate  of  draft  for 
titration  from  an  ordinary  Y5  or  100-c.c.  burette  is  8  or  10  c.c.  per  min. 

Mr.  Peaslee's  description  of  his  electrical  equipment  is  very  accept- 
able, as  there  are  few  papers,  especially  in  English,  on  conductivity  as 
applied  to  chemi-hydrometry.  It  might  be  remarked  that  with  the 
application  of  the  method  of  special  dilutions,  or  balanced  samples. 
Section  40,  it  will  not  be  necessary  to  calibrate  the  instruments,  as 
the  procedure  there  described  eliminates  all  the  instrumental  errors. 
In  order  to  eliminate  by  special  dilutions  the  effects  of  temperature, 
care  must  be  taken  to  have  each  pair  of  tail-water  and  special-dilution 
samples  at  the  same  temperature.  This  follows  as  a  corollary  from  the 
principle  of  balanced  samples  enunciated  in  the  second  paragraph  of 
Section  12.  One-tenth  of  a  degree  will  affect  the  conductivity  appre- 
ciably. With  the  exercise  of  care  and  judgment,  the  other  errors,  also, 
will  be  eliminated  by  a  rigid  application  of  the  principle. 

Mr.  Waters  asks  for  additional  figures  in  connection  with  the  read- 
ings, apparently  referring  to  the  readings  for  each  of  the  eighteen  tail- 
race  samples  taken  in  each  test.  The  writer  has  published  these  in 
full  detail  on  pages  2334  to  2356,*  inclusive;  and,  in  Section  50,  one 
of  the  tests  has  been  examined  with  respect  to  the  distribution  of  salt 
among  these  eighteen  samples. 

The  chemical  data  of  each  test  have  been  given  in  full  so  that  any 
one  can  make  such  study  and  analysis  of  them  as  he  may  desire,  and 
the  results  of  an  investigation  of  this  kind  would  be  welcome.  It  is 
quite  possible  that  there  may  be  an  error  of  computation  in  some  of 
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Mr.  the  discordant  tests,  which  could  be  discovered  in  this  manner.  The 
(^^oat.  ^j.|^gp  would  appreciate  being  informed  of  any  such  discovery. 

Mr.  Waters  is  correct  in  his  theory  that  it  should  be  relatively 
more  difficult  to  obtain  a  perfect  mixture  with  relatively  high  turbine, 
Or  pump,  efficiency.  Practically,  the  power  required  in  mixing  must 
be  very  small.  Imagine,  for  example,  a  barrel  of  200  liters  of  water 
with,  say,  20  "stream  lines"  or  "pencils"  of  salt  solution  uniformly  dis- 
tributed in  vertical  positions  throughout  the  volume.  Let  a  man  mix 
this  with  a  single  vigorous  double  stroke  of  a  large  churn  dasher, 
which  is  then  quickly  removed  from  the  barrel.  One  can  scarcely 
doubt  that  in  a  few  seconds  after  removing  the  dasher  the  mixture 
will  be  near  to  perfection.  If  not  in  a  few  seconds,  then  certainly 
within  a  minute,  about  the  time  required  for  the  mixture  to  pass 
through  the  turbine  from  the  sprinkling  pipes  to  the  sampling  pipes. 

The  energy  exerted  by  the  man  can  probably  be  represented  by  an 
average  of  10  lb.  acting  2  ft.  do^vnward  and  then  2  ft.  upward,  say,  40 
ft-lb.,  or  40  ft-lb.  is  siifficient  energy  to  cause  200  liters  of  water  and 
salt  to  mix  while  it  is  flowing  from  the  sprinkling  pipes  to  the  sampling 
pipes.  To  mix  50  000  liters,  the  turbine  discharge  per  second,  would 
require  250  times  the  energy  above  calculated,  or  10  000  ft-lb.  If  this 
amount  of  energy  is  supplied  each  second,  the  entire  discharge  of  the 
turbine  will  be  thoroughly  mixed  before  it  reaches  the  sampling 
pumps,  and  it  is  easy  to  see  that  the  power  required  is  about 
10  000  ^-  550  =  18.2,  or  less  than  20  h.  p.,  to  mix  the  discharge  of  a 
6  000-h.  p.  turbine.  In  all  probability,  the  eddies  generated  by  the  flow 
of  water  through  the  trash  racks  and  against  the  sprinkler  pipes  in  the 
head-race  are  sufficient  to  cause  the  necessary  mixing  of  the  salt  with 
the  feed-water,  and  the  mixing  will  be  aided  by  any  diflfusion  which 
may  occur. 

Mr.  Horton  suggests  the  term  "aquametric"  as  one  descriptive  of 
matters  relating  to  the  measurement  of  water  in  general.  This  term, 
like  chemi-hydrometry,  is  hybrid,  and  does  not  appear  to  furnish  a 
very  euphoneous  noun.  Aquametry  is  constructed  of  Latin  and  Greek 
roots,  the  pure  Greek  synonym  being,  simply,  hydrometry.  It  does 
not  appear  that  there  should  be  any  serious  objection  to  the  broader 
use  of  the  term  hydrometry,  even  though  usage  has  given  it  a  more 
restricted  meaning  in  relation  to  density  and  specific  gravity. 

It  was  not  the  writer's  intention  to  present  primarily  a  paper  on 
the  current  meter,  but  the  methods  used  in  correcting  the  indications 
of  these  instruments,  and  especially  the  composite  ratings,  were  thought 
to  be  of  sufficient  interest  to  be  presented  in  full. 

In  another  series  of  tests  it  would  be  advisable  to  have  readings 
by  the  two  meters  compared  at  each  meter  point.  This  would  render 
the  work  of  reduction  much  simpler,  and  be  more  satisfactory  when 
it  is  desired  to  compute  the  discharge  in  each  individual  test.     How- 
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ever,  it  will  be  observed,  when  treating-  all  five  of  the  tests  in  any  Mr. 
series  as  though  they  were  a  single  test,  that  the  four  methods  of  cor- 
recting the  discharge  give  results  which  agree  very  closely,  as  may  be 
seen  in  Table  85,  where  the  difference  between  the  maximum  and 
miniminai  aggregates  for  Tests  G,  H,  I,  K,  and  L,  as  determined  by  the 
four  methods,  is  only  8  in  1  340  or  0.6  per  cent.  That  the  agreement 
is  not  a  mere  chance  may  be  demonstrated  by  comparing,  in  similar 
manner,  the  aggregates  of  velocity  for  Tests  N,  0,  P,  Q,  R,  as  de- 
termined by  the  four  methods.  Table  93  giving  the  results  for 
comparison. 

TABLE  93. — Aggregate  Velocity  for  Tests  N,  0,  F,  Q,  R,  by  the 

Four  Methods. 
(Yelocities,  in  feet  per  second.) 


Factors  based  on  tests. 

Meters  compared  by : 

Aggregate 
velocity. 

G  H  T,K,L 

Positions 

1  471  5 

G.  H,  I,  K,  L 

1  460  0 

N,  0.  P,  Q,  R 

1  475  0 

V  0,  P   Q,  R 

Horizontals 

1  471  4 

In  all  probability,  the  individual  tests,  when  computed  by  the  four 
methods,  would  have  compared  about  as  well  as  those  shown  in  Table 
93,  had  it  been  possible  to  compare  the  records  of  meters  at  a  given 
point  in  the  same  test.  It  will  be  observed  that  there  are  small  sys- 
tematic errors  among  the  four  methods.  In  this  respect  Table  85 
seems  to  be  quite  consistent  with  Table  93. 

The  writer  attributes  the  principal  part  of  the  deviations  of  current- 
meter  ratings  to  the  difference  which  exists  in  the  condition  of  the 
water  during  the  rating  and  at  the  time  of  the  discharge  measurement, 
and  considers  these  deviations  to  be  due  only  slightly  to  the  fact  that 
the  meter  is  tovred  forward  during  the  rating  and  held  at  a  point  dur- 
ing the  discharge  observations.  In  other  words,  he  does  not  believe 
that  there  is  any  material  difference  in  the  hydraulic  resistance  of  a 
liquid  on  a  body,  whether  that  body  moves  through  the  liquid  or  the 
liquid  moves  about  the  body,  supposing  the  actual  dynamic  condition 
of  the  water,  relative  to  the  body,  to  be  the  same  in  the  two  cases. 

Mr.  Wiggin  is  very  properly  cautious  as  to  the  degree  of  accuracy 
of  turbine  tests,  especially  as  to  the  possibility  of  apparent  precision 
being  in  reality  more  or  less  fictitious  or  imaginary.  When  a  whole 
series  of  tests  is  highly  self-consistent,  it  may  be  safely  concluded  that 
the  observations  were  made  with  a  correspondingly  high  degree  of  pre- 
cision as  regards  accidental  errors.  The  theory  of  errors  usually  pre- 
sented in  treatises  on  probability,  however,  says  nothing  at  all  about 
systematic  errors,  which,  indeed,  are  the  errors  most  to  be  feared,  as 
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Mr.     they   are  generally   masked   or   otherwise  hidden,   so   as   to   be   easily 
Groat.  ,      1      1 

overlooked. 

As  to  the  proper  degree  of  accuracy  to  be  required  in  turbine  tests 
and  the  constancy  of  turbine  efficiency,  Mr.  Wiggin  and  the  writer 
seem  to  have  somewhat  divergent  views.  From  numerous  power 
capacity  tests  and  a  number  of  complete  tests  where  the  discharge  was 
also  measured  by  the  writer  at  diiferent  times,  turbine  efficiencies  have 
been  found  to  remain  remarkably  constant  when  the  machines  have  been 
kept  in  uniform  condition  and  not  allowed  to  become  damaged.  There 
seems  to  be  no  reason  to  believe  that  there  are  any  material  variations 
of  this  sort  in  actual  practice  where  the  condition  of  the  machinery 
is  well  maintained.  Good  evidence  to  this  effect  may  be  found  in  the 
three  series  of  tests  on  Unit  ^o.  13.  These  tests  extended  over  the 
period  from  July  22d  to  September  2d,  inclusive,  and  no  indication 
of  variation  in  efficiency  is  observable.  Turbines  which  were  tested  in 
1911  still  have  the  same  capacity  curves  which  were  determined  at 
that.  time.  The  writer  is  of  the  opinion  that  turbine  testing,  especially 
as  to  the  measurement  of  the  water,  has  been  altogether  too  crude,  and 
that  the  present  requirements  demand  an  increase  in  the  degree  of 
precision  for  the  tests. 

It  would  appear  that  a  unit  of  power  gained  by  an  increase  in 
efficiency  is  more  valuable  than  a  unit  of  power  requiring  an  addi- 
tional amount  of  construction.  For  it  brings  the  same  price  on  the 
market  and  requires  no  investment  other  than  the  cost  of  securing 
the  increase  in  efficiency,  which  perhaps  involves  nothing  more  than 
the  engineer's  judgment  in  selecting  the  better  of  two  designs,  and 
thus  is  obtained  without  any  increase  of  expense  in  operating  the 
hydraulic  part  of  the  plant.  Of  course,  there  may  be  required  a  slight 
increase  of  cost  and  operating  expenses  for  the  electric  part  of  the 
plant  in  the  case  of  hydro-electric  developments.  Therefore,  if  a 
hydro-electric  development  costing  $100  per  h.  p.  is  a  paying  proposi- 
tion, and  additional  power  can  be  had  by  an  increase  in  efficiency, 
there  is  no  reason  why  this  additional  power  would  not  be  well  worth 
$100  per  h.  p.  also,  supposing  that  the  market  will  absorb  it  without 
being  affected.  Perhaps  it  would  be  satisfactory  to  divide  the  gain 
due  to  increased  efficiency  between  the  purchaser  and  the  turbine 
maker  by  letting  the  bonus  be  one-half  of  the  development  cost,  due 
to  the  construction  of  the  hydraulic  part  of  the  plant,  including  dams, 
canals,  gates,  flowage  rights,  etc.  Great  caution  should  be  exercised 
in  specifying  turbine  performance  where  power  is  to  be  developed  by 
means  of  high  efficiency.  It  would  be  very  easy,  indeed,  to  test  tur- 
bines and  pay  a  bonus  at  the  rate  of  $100  per  h.  p.,  or  one-half  of  this, 
only  to  find  that  operating  conditions  would  seldom,  or  never,  admit 
of  working  the  machines  under  the  conditions  which  secure  this  power. 
In  all  probability,  specifications  involving  these  large  rates  of  bonus 


Papers.]  DISCUSSIOX    OX    CIIEMI-II YDROMETRY  945 

should  not  specify  niaxiniuni  turbine  efficiency,  but  rather  the  min-    Mr. 
iinum  efficiency  for  a   considerable  range  of  probable  operating  con-  ^'■''^*- 
ditions,  such  ranges  of  condition,  for  example,  as  might  be  specified 
by  mentioning  a  definite  area  on  a  diagram  similar  to  Plate  LXVl. 

There  is  no  reason  why  chemical  tests  should  be  more  expensive 
than  tests  of  other  kinds.  In  all  probability,  they  can  be  made  less 
expensive,  especially  for  a  given  degree  of  accuracy.  Turbine  tests 
are  more  or  less  costly,  because  they  are  very  complicated,  no  matter 
what  method  is  adopted.  It  requires  a  considerable  number  of  ob- 
servers to  obtain  the  data,  particularly  where  the  power  is  measured 
electrically.  Moreover,  a  large  number  of  tests  are  required  where 
any  attempt  is  made  to  cover  the  range  of  operating  conditions. 
These  remarks  relate,  of  course,  to  very  large  power  vuiits.  A  small 
machine,  such  as  a  Pelton  wheel  or  a  centrifugal  pump,  can  be  tested 
chemically,  with  high  precision,  for  a  few  dollars.  The  same  is  true 
of  a  water  main,  though  large  sizes  may  present  greater  difficulty. 

The  cost  of  turbine  tests  will  depend  on  circumstances  and  on  the 
methods  and  details  adopted  by  the  testing  engineer.  With  the  es- 
sential methods  of  testing  well  in  mind,  an  engineer  should  be  able  to 
devise  his  tests  and  make  accurate  estimates  of  the  cost.  He  need  not 
be  surprised,  however,  if  he  should  find  his  estimate  to  be  in  the 
neighborhood  of  $5  000  for  fifty  or  a  hundred  tests  on  a  10  000-h.  p. 
turbine  on  a  head  of  50  ft.,  though  circumstances  might  reduce  this 
to  $3  000,  or  even  less.  These  costs  are  supposed  to  include  the  cost 
of  electrical  instruments  and  the  engineering  service  necessary  to 
conduct  the  tests  and  compute  the  results.  The  reason  these  figures 
seem  high  is  because  the  tests  are  turbine  tests,  and  not  because  they 
are  chemical  tests.     Circumstances  may  run  the  cost  higher  still. 

The  writer  remembers  Mr.  Richmond  with  pleasure.  It  is  true 
that  the  meter  sections  which  Mr.  Richmond  saw  were  unusually  poor, 
and  it  is  this  fact  that  makes  the  meter  work  more  valuable,  for  it 
shows  what  corrections  are  necessary  under  such  conditions.  The 
writer  thinks,  however,  that  the  conditions  for  chemical  work  were 
favorable,  and  that  there  should  not  be  too  great  a  distance  between 
the  dosing  and  sampling  stations.  Otherwise,  the  eddies  and  dead 
water  will  require  such  a  long  time  to  fill  with  chemical  that  an  ac- 
curate test  will  be  difficult  or  impracticable.  In  the  case  of  large 
cross-sections,  it  is  advisable  to  introduce  the  chemical  from  the 
sprinkling  pipes  on  the  down-stream  side  of  the  trash  racks  properly 
stopped  sufficiently  to  raise  a  head  of  8  or  10  in.,  thereby  securing  an 
almost  uniform  mixture  at  the  outset. 

The  close  agreement  between  some  of  the  current-meter  and 
chemical  tests  published  in  the  pai>er  is  probably  more  or  less  acci- 
dental, but  the  writer  is  led  to  the  belief  that  current  meters  can  be 
used  successfully  in  the  manner  described,  so  as  to  secure  a  degree  of 


946  DISCUSSION   01^   CHEill-HYDKOMETEY  [Papers. 

Mr.     precision   within   1%,   if  this   was   not   actually   secured   in   the   pres- 
Groat.        . 

ent  case. 

There  are  two  conclusions  with  which  Mr.  Richmond  disagrees. 
The  writer  believes  in  rigid  supports,  properly  designed,  cupped,  screw 
runners,  and  no  tails  or  rudders,  and  he  states  on  page  2104"^: 

''The  uncertainty  attending  the  measurement  of  large  volumes  of 
flowing  water  by  methods  heretofore  used,  under  the  most  favorable 
circumstances  *  *  *  ^  is  *  *  *  ^  [for  the  current  meter]  2  to 
8%,  and  even  higher." 

In  advocating  rigid  supports  and  no  tails,  the  writer  had  in  mind 
the  measurement  of  turbulently  flowing  water  in  sections  which, 
perhaps,  might  ordinarily  be  thought  to  be  wholly  unsuitable  for  a 
discharge  measurement.  That  the  discharge  can  be  accurately  thus 
measured  in  such  sections  by  means  of  rigid  supports  and  proper 
methods  of  correcting  the  meters  seems  to  be  accomplished  in  the 
tests,  and  this  where  the  ordinary  method  would  surely  fail  by  a 
relatively  large  amount.  Even  under  favorable  conditions,  the  writer 
adheres  to  rigid  supports  and  no  tails,  and  advocates  a  new  type  of 
runner  designed  so  that  its  record  will  always  give  the  true  integrated 
component  of  velocity  perpendicular  to  the  cross-section.  There  is 
plenty  of  evidence  that  the  latter  design  may  be  effected  without 
much  experimentation. 

The  writer's  statement  concerning  the  accuracy  of  current-meter 
work  under  favorable  circumstances  refers  to  the  accuracy  of  dis- 
charges, determined  by  the  meters,  and  not  to  tests  of  the  accuracy 
of  the  instruments.  This  is  probably  the  cause  of  the  misunderstand- 
ing. Ample  authority  for  the  statement  can  be  found  in  the  reports 
of  the  Lake  Survey  engineers.  As  an  example,  the  interested  reader 
may  refer  to  the  Annual  Report  of  the  Chief  of  Engineers  on  the 
Survey  of  the  Northern  and  Northwestern  Lakes  for  1902,  Appendix 
EEE.  The  report  of  E.  C.  Shenehon,  M.  Am.  Soc.  C.  E.,  begins  on 
page  2779,  and  shows  a  discharge  curve  of  the  St.  Lawrence  River 
with  limits  for  errors  immediately  preceding  page  2793.  The  limit 
of  error  is  2%  either  way,  from  the  discharge  curve.  These  are 
accidental  errors.  There  is  nothing  to  show  that  the  systematic  error 
may  not  be  larger.  Opposite  page  2826  will  be  foimd  a  plotting  of 
a  discharge  curve  by  L.  C.  Sabin,  M.  Am.  Soc.  C.  E.,  showing  errors 
in  the  plotted  points  of  several  per  cent.  The  report  of  W.  Edward 
Wilson,  M.  Am.  Soc.  C.  E.,  beginning  on  page  2872,  contains  a 
discharge  curve  of  St.  Marys  Rapids  similar  to  the  others.  There 
are  many  other  curves  in  these  reports,  and  a  careful  study  of  them 
will  soon  convince  any  one  that  errors  of  2%  are  common  in  current- 
meter  work  of  the  best  quality. 

*  Proceedings,  Am.   Soc.  C.   E.,   for  November,   1915. 
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In  the  case  of  tests  of  the  meters  with  a  quantity  of  blueing  Mr. 
injected  int-o  the  water  and  timed  over  the  distance  between  the  two 
meters,  it  is  gratifying  to  note  the  close  agreement  between  the 
actual  velocity  and  that  indicated  by  the  meters.  The  fact  that  the 
ball  of  blueing  remained  intact,  however,  shows  that  there  was  little 
turbulence  in  the  water  and,  therefore,  little  cause  for  errors. 

SJirinkage. — As  the  question  of  shrinkage  will  be  of  importance  in 
many  investigations,  it  will  be  of  advantage  to  systematize  the  methods 
for  computing  the  values  of  the  shrinkage  coefficient,  and  the  following 
remarks  will  be  of  interest. 


By  Equation  (63),  Section  23, 
Therefore, 


_  C,-C,-(D,-D,)    ^    d(c,-c,)-c(cl,-cl,)  ■ 


^■=  '^    '-^-'^     ^    ^      ^-±\  (205) 

^1     c,  d,  -  d,       'h\^_^,iA 

d         d    C.2  —  ''i  \  ^  A  c  I 

c  c 

where  u  =  — ,  »,  =  ---,  etc.,  and  J  d  -^  J  c  is  the  mean  rate  of  ehanife 
^         d     ^       d^ 

of  density  per  uuit  change  of  concentration. 

■If  the  reciprocal  of  this  ratio,  A  c  -^  J  d,  which  is  the  mean  rate  of 

change  of  concentration  per  unit  change  of  density,  be  indicated   by  «, 

then  it  will  be  easy  to  show  that 


d    /a — p\    _   f7     /a  —  p\ 
f?,   \a  —  Pj/    ~  d^   \a— p.-^J 


y  (206) 


t?i    \  a  —  pj/     ~    f?2     \  a — P2^    ) 

It  will  be  noticed  that  a.  is  the  mean  slope,  for  a  given  temperature, 
of  a  curve  on  Plate  XLVIII,  Section  4,  with  reference  to  the  vertical 
axis  of  co-ordinates,  for  the  two  points  which  indicate,  respectively, 
the  condition  of  the  solution  which  is  to  be  mixed  with  the  salt  solution 
and  the  condition  of  the  resulting  mixture,  the  symbols  p  and  d,  of 
course,  relating  to  properties  of  the  strong  salt  solution  itself.  The 
second  form  of  the  equations  is  for  use  with  the  slide-rule. 

The  formula  is  perfectly  general,  and  may  be  used  to  find  the  value 
of  k"  by  letting  the  subscripts,  1  and  2,  relate,  respectively,  to  the 
condition  of  special  dilution  and  the  condition  of  tail-water.  Or,  the 
subscript  1  may  be  changed  to  accord  with  the  adopted  notation,  for 
this  case,  as  follows : 

d     /a  —  p  \          d    /a  —  »  \ 
k'  =  —  ( V)  =  ^i -) (207) 
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Mr.  Here  a  relates  to  the  slope  of  the  tangent  to  one  of  the  curves  of 

Groat,  pj^^^g  XLVIII,  with  reference  to  the  vertical  axis  of  co-ordinates,  at  a 
particular  point,  as  there  is  supposed  to  be  only  a  very  slight  diilerence 
between  the  corresponding  properties  of  the  special  dilution  and  tail- 
water  at  the  given  temperature,  thus  bringing  the  two  points  indicated 
by  (d\,  c\)  and  {d.^,  Co)  into  practical  coincidence. 

Suppose,  for  example,  that  it  is  desired  to  ascertain  the    value  of 
k'  for  the  usual  conditions  of  a  test  as  given  in  Table  2,   Section  15. 
The  calculation  by  Equation  (207)  would  then  be: 
c,-=c\_^     0.0591; 
d.^  =  d\=     0.9984; 
p'^  =  p\=      0.00006; 
c"  =  290. 
d    =     1.1837; 
p    =     0.245; 
a   =       1.397,  as  measured  from  Plate  XLVIII. 

The  point  where  a  is  measured  lies  on  the  line  for  20°  temperature, 
as  it  is  assumed  that  this  was  the  temperature  during  the  usual  test. 
Therefore,  by  Equation   (207), 


k"  = 


1.1837 


0-r 


0.245  — 0.00006\ 


=  0.977 


.(208) 


0 . 9984    \  1 . 397  —  0 . 00006/ 

for  the  greater  portion  of  the  tests. 

Observe  that  the  calculation  may  be  made  with  sufficient  accuracy 
with  a  slide-rule,  provided  Equation  (207)  is  slightly  changed  so  as 
to  correspond  to  the  second  form  of  Equations   (206). 

Wlien  distilled  water  is  mixed  with  strong  salt  solution  of  a  con- 
centration of  about  297  grammes  per  liter,  at  a  temperature  of  20° 
cent.,  the  following  results  may  be  deduced  by  placing  c,  =0,  p^  ==  0, 
and  (^^  =  998.23,  in  Equations  (206). 

TABLE  94. — Values  of  the  Shrinkage  Coefficient,  k,  for  Eela- 
TivELY  Small  Ratios  of  Mixture  of  a  Salt  Solution  of  296.98 
Grammes  Per  Liter  and  Distilled  Water  at  a  Temperature  of 
20°  Cent.  Computed  From  the  Data  of  Table  1  and  the  Follow- 
ing Elements: 

f?  =  1 187.9,  p  =  0.25,  c,  =  0,  p,  =  0,  d^  =  998.23,  d^d,  =  1.190,  and 
f  =  20°    cent,    (calculation   by   slide-rule). 


Approximate 
value  of  r 

C2 

ch 

P2 

a 

k 

k" 

0.5 

197.33 

1  127.6 

0.175 

1.525 

0.995 

0.999 

1.0 

148.08 

1  096.9 

0.135 

1.501 

0.992 

0.997 

2.0 

101.36 

1  067.0 

0.095 

1.474 

0.989 

0.994 

3.0 

73.409 

1048.7 

0.070 

1.455 

0.986 

0.992 

4.0 

57.079 

1  037.8 

0.055 

1.443 

0.984 

0.990 

5.0 

51.705 

1034.1 

0.050 

1.440 

0.984 

0.988 
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In  computing  Table  94,  the  first  of  Equations  (206)  may  be  put  in     Mr. 
the  following  simple  form,  as  c^  and  p^^  are  nil:  Groat. 

'■  =  <U'-") '""■'' 

In  closing  the  remarks  on  shrinkage,  it  may  be  of  service  to  observe 
that,  in  accordance  with  the  notation  used  in  Equations  (206)  and 
(207),  and  distinguishing  between  the  two  corresponding  values  of  a 
by    using    prime    marks,  the    relation  between  k  and  k"    is  given  by; 

d      (P-iJ2)    («"   —  «) 


k"  —  A-  = 


(210) 


d-i  («"— P2)(«— P2) 

Asp  >i)2'  ^*"  >  "^  ^'"  >  1)  <^  >  I5  ^"d  2h  <  I5  ^t  follows  that 
k"  >  k,  which  agrees  with  the  same  conclusion  reached  in  Section  32. 

Formulas  Depending  on  Ratios  Only,  Deduced  From.  Those 
Depending  on  Weights. — Eemarking  further  on  the  theory,  it  will  be 
instructive  to  show  more  of  the  relations  which  exist  between  the 
various  quantities. 

By  Equations  (27),  we  have,  for  example. 


where, 


y  = 


J 

— 

1  +  F'  X 

f 

= 

f 

1  +Fx' 

P2- 

-p' 

2        1 

p  - 

-p-l 

/" 

P2- 

p' 

2        1 

p  — 

p'2 

F" 

p'2- 

-p 

'--    —V    . 

.(211) 


P  —P  2 


V  pn 


.(212) 


etc.,  /"  and  F"  being,  respectively,  the  ratio  of  mixture  and  the  ratio 
of  dilution  necessary  to  convert  special  dilution  to  the  condition  of 
tail-water,  in  accordance  with  the  definitions  and  meaning  of  Equa- 
tions (14),  Section  11,  which  implies  that  the  special  dilution  is 
weaker  than  the  tail-water,  or  r'  >  r. 
But,  by  Equations  (3S)   and  analogy. 


^"  =  ^'i^^" 


,,  f^O 


a 


(213) 


d-"^'  =  '''^ 


etc. 
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Mr.  Therefore,  by  proper  substitutions,  Equations  (211)  may  be  trans- 

Groat.  fQj,j-j-^g(j  gQ  gg  iQ  give 

r 

('•'>  n  y (214) 

r 

thus  deriving  the  relations  discussed  in  Section  35. 

It   is   also   possible   to   deduce   these   same  relations   by   Equations 
(78),  (90),  and  (91).     Thus,  for  example, 

r  =  B'  r"  +  r' 

(r  >  r') 
r  =  /?"  r" 

Eliminating  r"  and  solving  for  r,  we  have 


J?' 

r' 

1 

B' 
~  R' 

(215) 


as  before.     The  remaining  relations  may  be  treated  in  similar  manner. 

Conclusion.— In  closing  this  discussion,  there  are  a  few  thoughts 
which  occur  to  the  writer  as  being  worthy  of  mention. 

During  the  oral  discussion.  Mr.  Wiggin  asked  for  the  cost  of  the 
tests,  with  the  evident  idea  that  this  knowledge  would  be  of  value  in 
determining  the  probable  cost  of  future  chemical  tests.  Unfortunately, 
the  scope  of  the  investigation  was  so  much  larger  than  would  ordinarily 
be  undertaken  in  turbine  testing,  that  a  mere  statement  of  total  cost 
without  detailed  analysis  will  be  of  little  service  for  this  purpose. 
The  writer  would  gladly  make  such  a  detailed  analysis  of  the  cost  of 
the  complete  series  of  studies  if  he  thought  any  useful  facts  would  be 
brought  to  light  thereby.  He  feels,  however,  that  this  is  not  the  way 
to  arrive  at  costs.  It  will  be  far  more  satisfactory  for  the  engineer 
to  determine  his  general  method  from  a  study  of  papers  on  the  subject, 
afterward  arranging  the  details  to  suit  his  own  ideas  and  in  conformity 
with  his  calculations.  His  equipment  and  method  for  the  conduct  of 
the  tests  thus  becoming  definite,  it  will  be  an  easy  matter  to  make 
accurate  estimates  of  cost.  It  may  be  of  interest  to  state  that  a  com- 
mercial grade  of  salt  suitable  for  chemical  tests  will  cost  from  $1.50 
per  ton  up  (depending  on  the  condition  of  the  market),  delivered  f.  o.  b. 
cars,  at  the  salt  works. 

There  are  two  possible  sources  of  delay  and  contingent  expenses 
that  may  exist  in  connection  with  turbine  tests  in  place,  which  it  may 
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be  well  to  mention.  Where  the  purchaser  and  maker  each  have  the  Mr. 
right  to  undertake  investigations  of  their  own  during  the  tests,  there 
are  likely  to  be  interferences  with  each  other,  which  are  sure  to  cause 
more  or  less  delay  and  repetition,  especially  if  each  has  a  particular 
line  of  investigation  differing  from  that  of  the  other;  and,  where  the 
tests  must  be  conducted  without  interfering  in  any  measure  with  the 
power-house  output,  methods  become  restricted,  and  this  leads  to  an 
increase  in  cost. 

With  the  preceding  statements  in  mind,  there  is  no  objection  to 
saying  that  the  total  cost  of  experiments  and  studies  involved  in  the 
writer's  paper  was  about  $18  000.  This  item  includes :  The  prelim- 
inary study;  rating  current-meters;  numerous  railroad  fares;  chem- 
ical testing  equipment,  including  tanks,  pumps,  pipe  lines,  and 
laboratory;  complete  set  of  precision  direct-current  electrical  testing- 
equipment;  complete  set  of  precision  alternating-current  electrical 
testing  equipment;  erecting  and  adjusting  equipment  and  instruments; 
supplies  and  operating  expenses  in  the  conduct  of  the  tests ;  and  compu- 
tations. It  does  not  include  the  cost  of  preparing  the  paper,  except 
in  so  far  as  many  of  the  tables  are  necessarily  copies  of  those  derived 
from  the  final  computations.  The  writer  estimates,  roughly,  that  the 
value  of  the  instruments  and  equipment  on  inventory  at  the  conclusion 
of  the  work  was  $3  500,  leaving  a  net  cost  of  approximately  $14  500. 

in  Section  79,  attention  is  directed  to  the  impropriety  of  adding  the 
tail-race  velocity-head  to  the  elevation  of  the  tail-water  before  deter- 
mining the  head  acting  on  the  turbine.  By  so  doing,  the  efficiency  is 
made  to  appear  higher  than  it  really  is.  •  It  is  not  uncommon  to  find 
water  issuing  from  draft-tubes  with  velocities  as  high  as  15  or  16  ft. 
per  sec.  This  is  equivalent  to  a  head  of  about  4  ft.  If  the  total  head 
on  the  turbine  was  50  ft.,  this  would  cause  the  efficiency  to  be  over- 
estimated by  nearly  9  per  cent.  If  the  tail-race  velocity  were  8  ft. 
per  sec,  the  head  would  be  reduced  by  1  ft.  If  the  head  were  only 
20  ft.  in  this  case,  the  efficiency  would  be  more  than  5%  too  high.  In 
making  contracts,  great  care  should  be  exercised  not  to  be  misled  by 
incorporating  this  method  of  introducing  an  erroneous  head,  thereby 
making  the  computed  efficiency  too  high. 

It  may  be  of  interest  to  remark  that  titrations  of  salt  solution  were 
used  in  another  investigation  during  the  progress  of  the  regular  tur- 
bine tests.  They  were  used  to  determine  the  location  of  a  leak  which 
passed  from  the  bottom  of  a  pond  under  a  dam  and  into  the  tail-race 
of  the  power-house.  The  small  stream  issuing  from  under  the  dam 
could  be  sampled  by  simply  dipping  up  the  water  in  a  sample  con- 
tainer. The  strong  salt  solution  was  discharged  down  a  pipe  from  a 
barrel  on  a  scow  which  was  moved  about  over  the  surface  of  the  pond. 
The  pipe  was  held  close  to  the  bottom,  and  when  it  was  finally  placed 
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Mr.  near  the  intake  of  the  leak,  the  titrations  of  samples  taken  down  stream 
Groat,  f j-Qjjj  ^jjg  dam  quickly  indicated  the  increase  of  salt  in  the  water. 

In  another  case  the  location  of  a  leak  above  a  dam  was  known,  and 
the  object  of  the  investigation  was  to  find  by  means  of  titrations  the 
subaqueous  outlet  in  the  bed  of  the  river  below  the  dam.  Thus  far, 
the  writer  has  not  received  advices  of  the  results. 

It  may  be  of  value  to  mention  that  some  time  could  have  been 
saved  in  the  computations  had  the  calibration  of  the  iron  pipette,  or 
tank  calibrator,  been  made  in  the  manner  desired  by  the  writer.  A 
large  vessel  like  this,  with  a  contracted  pipe  or  glass  gauge  at  the  top, 
can  be  calibrated  by  a  scale  of  temperatures  on  the  gauge  so  that  it 
can  be  filled  to  contain  a  &s.ed  volume  whatever  the  temperature. 
This  can  be  accomplished  by  graduating  the  scale  of  temperatures  so 
that  each  division  mark  is  at  the  proper  elevation  for  the  water  surface 
at  that  temperature  to  correspond  to  the  given  volume.  It  is  evident, 
then,  for  a  metal  vessel,  that  the  temperature  scale  will  begin  at  the 
top  and  run  downward  with  increasing  temperature.  Through  some 
misunderstanding,  the  temperature  scale  ran  upward,  the  operation, 
therefore,  resulted  in  a  colossal  thermometer  instead  of  a  convenient 
calibrator. 

In  the  rules  for  the  chemical  laboratory.  Section  88,  it  was  said 
that  the  proper  rate  of  draft  from  a  burette  was  about  2  drops  per 
sec.  This  is  scarcely  true  for  all  burettes,  as  the  sizes  of  the  tips 
vary,  and  this  changes  the  size  of  the  drops.  A  better  rule  would 
state  that  the  proper  rate  for  the  draft  from  an  ordinary  75  or  100-c.c. 
burette  is  8  or  10  c.c.  per  min. 

Salt  attracts  moisture,  and  is  likely  to  cake  and  harden  when  dried. 
One  or  two  rough  drying  tests  indicated  that  the  low  grade  of  com- 
mercial salt  used  in  the  tests  carried  about  6%  of  moisture.  In 
other  cases,  a  different  result  might  be  found. 

The  color  intensity  method  of  chemi-hydrometry  should  be  dis- 
tinguished from  the  method  of  determining  mean  velocity  by  observing 
the  time  required  for  color  to  pass  from  one  point  in  a  system  of 
conduits  to  another. 

The  temperature  of  samples  is  a  very  important  matter  in  con- 
ductivity tests.  However,  if  the  method  of  special  dilutions,  or 
balanced  samples,  be  adopted,  the  temperature  correction  will  be 
eliminated. 

In  constructing  the  entrance  to  the  outlet  from  the  salt-solution 
tank,  ample  sectional  area  should  be  provided,  else  the  full  capacity 
of  the  tank  may  not  be  available,  owing  to  the  formation  of  vortices 
by  reason  of  the  high  velocities  generated.  The  outlet  from  the  salt- 
solution  tank  in  the  present  case  was  made  of  about  18  in.  of  8-in. 
pipe,  discharging  vertically  from  the  flat  bottom  of  the  tank  into 
the  3-in.  salt-solution  supply  pipe.     In  this  manner,  the  water  level 
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in  the  tank  can  be  drawn  to  the  bottom  without  creating  vortices  or    Mr. 

...  .  ,  II-  Groat, 

adnnttinp:  air  to  the  supply  nne. 

For  a  number  of  years  tlie  writer  lias  entertained  the  idea  that  a 
wire  carrying  an  electric  current  could  be  used  to  measure  the 
velocity  of  water.  The  current  of  electricity  would  tend  to  heat  the 
wire,  and  the  flow  of  water  along  and  normal  to  the  wire  would  tend 
to  cool  it,  or  to  determine  the  temperature.  The  higher  the  velocity 
of  the  water,  the  lower  the  temperature  of  the  wire.  Therefore,  the 
conductivity  of  the  wire,  or  its  temperature,  would  be  a  function  of 
the  velocity  and,  by  having  a  calibrated  apparatus  for  measuring  the 
conductivity,  or  temperature,  the  velocity  of  the  water  could  be  deter- 
mined. It  does  not  appear,  however,  that  much  idea  of  direction  of 
flow  could  be  gained  without  getting  into  a  very  elaborate  device. 
However,  it  may  be  well  to  mention  the  principle. 

Referring  again  to  the  cost  of  turbine  tests:  This  is  a  purely  rela- 
tive matter.  Frequently,  tests  result  in  discoveries  leading  to  im- 
provements which  pay  for  the  tests  many  times  over.  In  one-  case 
such  improvements  led  to  the  recovery  of  a  large  amount  of  power 
at  a  cost  of  less  than  $1  per  horse-power  increase  in  capacity.  The 
actual  value  of  the  gain  was  not  less  than  $500  000,  and  the  cost  of 
the  tests  was  only  1%  of  this  value,  an  insignificant  matter  altogether. 
In  another  case,  tests  indicated  simple  changes  in  draft-chests,  which 
effected  a  substantial  increase  in  efiiciency  and  power. 

Attention  has  already  been  directed  to  the  diagram  of  turbine 
performance,  Plate  LXVI.  This  diagram,  it  may  be  explained,  gives 
all  the  information  concerning  turbine  performance.  It  may  be 
utilized  to  compile  many  kinds  of  tables  which  will  be  useful  to 
designing  and  operating  engineers  and  power-house  superintendents. 
Such  diagrams  will  be  of  great  value  in  designing  water-wheels  to 
fit  electric  generators,  and  the  converse.  They  will  also  be  of  great 
value  in  making  contracts  and  specifications  for  turbines,  generators, 
and  complete  hydro-electric  units. 

The  writer  desires  to  exi^ress  his  appreciation  and  thanks  to  Messrs. 
Eimer  and  Amend  for  the  chemical  equipment  used  in  illustration 
of  the  methods  of  chemi-hydrometry  at  the  time  of  reading  the  paper 
of  which  this  discussion  is  the  conclusion.  He  also  extends  thanks 
to  Mr.  Hugh  jSi".  Davis,  who  very  kindly  assisted  with  the  chemical 
operations  on  the  same  occasion. 

The  reader  may  have  observed  that  Table  1  shows  evidence  of 
small  systematic  errors  in  the  data  from  which  it  was  compiled, 
especially  for  the  weak  concentrations.  It  may  be  well  to  bear  this 
in  mind  when  shrinlvage  becomes  important,  as  a  revision  of  Table  3 
and  Fig.  1  will  doubtless  be  required  when  more  correct  data  become 
available.      This   may   also   modify,   or  possibly  negate,   the  thesis   of 
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Mr.     Section  24,  which  states  that  a  molecule  of  salt  always  displaces  a 
Groat.  pQj.^iQj^   Qf   i\^Q   ^^^ater    in   which   it    is   dissolved,   however   dilute   the 
solution  may  be. 

It  may  not  be  amiss  to  repeat  that  the  writer  considers  Table  85, 
and  the  corresponding  table  of  aggregates  for  Tests  N,  0,  P,  Q,  R 
(Table  93),  as  showing  the  possibilities  of  current-meter  work  in  tur- 
bulent water  when  the  records  are  corrected  by  composite  rating  curves. 
The  errors  of  1  to  2%  among  the  four  methods  for  the  individual  tests 
are  due  to  the  fact  that  meters  were  not,  in  the  case  at  hand,  com- 
pared in  one  and  the  same  test.  The  true  precision  attainable  is 
apparent  when  all  five  of  a  group  of  tests  are  treated  as  a  single  test. 
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THE  FAILURE  AND  EIGHTING 
OF  A  MILLION-BUSHEL  GRAIN  ELEVATOR 

Discussiou.* 


By  E.  p.  Goodrich,  M.  Am.  Soc.  C.  E. 


E.  P.  Goodrich,!  M.  Am.  Soc.  C.  E. — This  paper  appeals  to  the     Mr. 
speaker  more  strongly  with  reference  to  incidental  and  exterior  phe-  ^°°  '^"^ 
nomena  than  with  reference  to  the  ingenious  and  eminently  satisfac- 
tory method  used  in  righting  the  elevator,  which  is  the  primary  reason 
for  the  paper. 

The  first  item  of  particular  interest  to  the  speaker  is  the  demonstra- 
tion that  a  structure  of  the  size  of  this  grain  elevator,  when  built  of 
reinforced  concrete  in  accordance  with  the  proper  design,  becomes  a 
monolithic  structure  capable  of  being  subjected  to  extraordinary 
stresses  without  seriously  damaging  the  building.  The  settlement  and 
righting  of  this  elevator  are  almost  identical  with  an  experience  con- 
cerning a  grain  elevator  in  Algiers,  erected  and  righted  by  French 
engineers. 

The  moral  of  this  story  is  an  indirect  demonstration  of  the  need 
of  caring  for  reverse  moments  in  all  bottoms,  and  at  the  points  of 
intersection  of  bottoms  and  columns,  together  with  the  need  for  care 
in  the  design  of  columns  to  resist  bending  where  need  is  shown.  So 
long  as  reinforced  concrete  members  were  designed  after  the  fashion 
of  those  made  of  timber  or  steel,  difficulty  was  sure  to  arise,  but,  with 
the  wider  adoption  of  the  cantilever,  difficulties  have  disappeared  and 
better  structures  been  secured.  The  speaker  has  been  interested  in 
noting  the  widening  use  of  the  cantilever,  even  in  steel  and  timber 
work,  and  believes  that  members  thus  designed  are  more  efficient  than 
almost  any  other  device  for  the  same  purpose. 

*  Discussion   of  the  paper  by  Alexander  Allaire,   M.   Am.    Soc.   C.    E.,   continued 
from  May,    1916,  Proceedings. 
t  New   York   City. 
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Mr.  Eeverting  to  the  fact  of  the  monolithic  nature  of  large  reinforced 

Goodrich,  p^j-^^^j.^^g  structures,  many  instances  may  be  cited  of  caissons  designed 

for    use    as    foundations    for    bridges,    docks,    etc.,    which    have    been 

handled,   lifted  on   one   side,   tilted,   and   manipulated  in   almost   any 

way  found  necessary  without  great  difficulty. 

The  second  point  of  interest  refers  to  the  earth  pressure  phenomena 
described.  The  wave  that  was  thrust  up,  perhaps  from  some  deep 
stratum,  can  be  made  the  source  of  information  with  reference  to 
earth  pressure  matters,  which  may  prove  of  value  through  an  analysis 
of  its  size,  rate  of  formation,  etc.,  if  such  data  can  be  made  available. 
For  a  long  time  the  speaker  has  been  advocating  the  making  of  careful 
explorations  of  sub-strata  under  large  buildings,  going  down  many 
feet  below  the  customary  foundation  depth.  Demonstrations  of  this 
need,  in  addition  to  that  afforded  by  the  Canadian  Pacific  grain  ele- 
vator, were  also  mentioned  by  Robert  B.  Stanton,  M.  Am.  Soc.  C.  E., 
in  his  discussion*  on  earth  pressure  formation  in  connection  with  a 
slide  which  took  place  on  the  Canadian  Pacific  Railroad  within  his 
observation. 

The  upheaval  of  the  bottom  of  the  Panama  Canal  is  a  gigantic 
demonstration  of  the  same  fact.  On  a  much  smaller  scale,  the  up- 
heaval of  a  steam  shovel  excavation  in  Cleveland,  which  occurred 
several  years  ago  during  the  cutting  through  of  a  street,  is  pertinent. 

It  is  the  speaker's  belief  that  properly  made  explorations  and 
physical  tests  of  the  soil  secured  will  make  it  possible  to  prophesy 
the  possibilities  of  just  such  failures  as  occurred  in  connection  with 
this  grain  elevator.  Where  such  possibilities  are  indicated,  obviously, 
engineers  can  take  all  needed  precautions  to  prevent  their  occurrence. 
This  belief  has  been  applied  by  the  speaker  in  several  foundation  in- 
vestigations, and  it  is  equally  applicable  to  the  analysis  of  soil  condi- 
tions at  Panama  or  Winnipeg.  This  paper  is  thus  believed  to  be  of 
wider  interest  than  that  covered  in  its  main  description  of  the 
mechanical  methods  used  in  combating  the  particular  difficulty  here 
encountered. 

*  Transactions,  Am.   Soc.   C.  E.,  VoL  LIII,   p.   307. 
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A  REVIEW  OF  THE  REPORT  OF 

CAPTAIN  ANDREW  TALCOTT 

CHIEF  ENGINEER  MEXICO  and  PACIFIC  RAILROAD 

EASTERN  DIVISION  FROM  VERA  CRUZ  TO  MEXICO 

EXPLORATIONS  SURVEYS  ESTIMATES  1858 

Discussion.* 


By  Messrs.  H.  M.  Taylor  and  Emile  Low.f 


H.  M.  Taylor^  M.  Am.  Soc.  C.  E.  (by  letter). §— The  writer  has     Mr 


had  no  connection  with  the  Mexican  Railway,  but  has  made  frequent 
trips  over  it  while  in  charge  of  the  construction  and  reconstruction 
of  parts  of  the  Vera  Cruz  and  Pacific.  The  Mexican  Railway,  a 
typical  English  product,  has  the  good  features  common  to  all  the 
British  built  lines — good  alignment,  good  roadbed,  well-maintained, 
good  stations,  good  section  houses — and  the  fault  of  most  of  them, 
namely,  the  sacrifice  of  grade  to  alignment.  Its  curves  were  not  com- 
pensated, neither  are  those  of  the  British  lines  in  Argentina,  Uruguay, 
or  Chili.  In  approaching  divides,  like  that  at  Ometusco,  between  the 
Valley  of  Mexico  and  the  Aparn  Valley,  on  the  Gulf  slope,  the  line 
makes  straight  for  the  hills,  holding  to  the  valley  and  taking  a  1.50 
grade  in  order  to  get  over  the  divide,  when,  by  a  slight  sacrifice  of 
alignment,  a  1%  grade  could  have  been  had,  using  the  slope  which 
Nature  provided;  or  westbound,  an  0.50%  grade,  as  has  been  built  on 
the  Interoceanic.  This  error  was  repeated  at  Guadalupe,  at  Paso  del 
Macho,  and  at  the  Metlac  Barranca.     Considering  its  date  of  construc- 

*  Discussion   of   the   paper  by    Emile  Low,    M.   Am.    Soc.    C.    E.,    continued   from 
April,   1916,  Proceedings. 
t  Author's  closure. 
t  Empalme,   Son.,   Mexico. 
§  Received  by  the  Secretary,   May  5th.   1916. 
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Mr.  tion,  however,  and  the  condition  of  the  Science  of  Engineering  at  the 
*^  '^^'  time,  its  location  is  notable. 

There  were  several  revolutions  between  its  commencement  and  its 
completion.  Mr.  Escandon  had  interests  at  Cordoba,  and  none  at 
Jalapa,  and  naturally  he  constructed  the  line  where  his  interests  lay. 
Cordoba,  to-day,  due  to  its  water-power,  has  far  more  freight  to  offer 
than  Jalapa,  and,  as  stated  by  Mr.  Ingram,  it  is  fortunate  that  the 
cost  of  operation  on  such  grades  was  not  then  understood,  or  the 
Mexican  Railway  would  have  been  built  via  Jalapa,  and  the  two  lines 
would  have  remained  one.  The  Mexican  made  directly  for  Mexico  and 
tapped  Puebla  via  a  branch,  which  was  the  sensible  thing  to  do  (not- 
withstanding Mr.  Wellington).  The  percentage  of  business  from 
Mexico  to  Vera  Cruz  was  so  much  greater  than  that  via  Puebla  that 
adding  the  cost  of  the  longer  haul  via  Puebla  to  the  freight  to  and  from 
Mexico  would  have  penalized  the  public  in  the  City  of  Mexico  and 
north  and  west  of  that  point  beyond  any  reason. 

The  proof  that  Mr.  Wellington  was  wrong  in  his  theory,  is  seen  in 
the  construction,  at  a  much  later  date,  of  the  line  from  San  Lorenzo 
to  Oriental  by  the  Interoceanic. 

It  is  not  the  writer's  object,  however,  to  discuss  these  matters, 
but  to  bring  before  engineers  who  are  interested  just  what  was  made 
of  the  American-built,  or  rather  located,  line.  In  doing  this  he  wishes 
to  state  that  it  has  been  always  his  understanding  that  Mr.  Wellington 
had  practically  nothing  to  do  with  the  actual  location  or  construction 
of  the  line.  The  writer  was  not  in  Mexico  at  the  time,  but  has  known 
many  Americans  and  other  foreigners  who  were,  some  of  whom  were 
in  position  to  know.  Mr.  Wellington  was  responsible  for  the  route; 
not  that  the  route  had  not  been  looked  over  before,  for  the  Palmer- 
Sullivan  concessionaires  started  a  line  from  Vera  Cruz  to  Mexico, 
built  it  to  Antigua,  about  40  km.,  did  some  grading  between  Perote 
and  Limon,  still  to  be  seen,  and  some  between  Irolo  and  San  Lorenzo, 
likewise  still  to  be  seen. 

The  wTiter  never  knew  definitely  what  stopped  this  work,  but  he 
has  been  told  that  it  was  a  complaint  by  the  Mexican  Railway  of  the 
infringement  of  its  original  and  perpetual  concession  of  a  line  between 
the  City  of  Mexico  and  Vera  Cruz.  The  Interoceanic  was  formed  of  a 
number  of  separate  concerns  such  as  the  "Ferrocarril  de  Irolo",  ex- 
tending from  Mexico  to  Irolo  and  later  to  Iturbe;  the  Puebla  to  San 
Martin  Tram  line,  from  Puebla,  40  km.  north  through  the  Valle  de 
Nativitas;  and  the  Tram  Company  from  Puebla  to  San  Juan  de 
los  Llanos,  via  San  Marcos  and  Virreyes.  The  latter  was  bought  up 
and  connected  by  short  pieces  of  line,  almost  always  badly  located  and 
badly  constructed,  because  of  an  unfortunate  contract  with  Don  Delfin 
Sanchez,  a  promoter,  a  wonderfully  able  man  in  many  ways,  but  who 
had  no  knowledge  of  railroad  operation.     Also,  his  contract  was  at  a 
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fixed  price  per  kilometer,  and,  naturally,  it  was  to  his  interest   tu  tit     Mr. 
the  grade  to  the  contours  as  nearly  as  could  be  done.  ^^  ^^' 

Between  Virreyes  and  Rubin,  the  Interoceanic  was  constructed 
through  a  wide  valley,  and  a  tangent  for  the  whole  distance  was  an 
easy  proposition.  One  can  see  from  Limon  to  Oriental  with  absolutely 
nothing  in  the  way  of  a  water-grade  tangent.  Through  this  the  line 
zigzagged,  up  over  a  hill  and  down  again,  got  a  little  nearer  Tepeya- 
hualco,  a  small  Indian  village,  on  basalt  rocks,  not  worth  a  car  of 
freight  per  week  twenty  years  after  the  line  was  built. 

From  Limon  to  Rubin  the  line  was  fairly  good,  with  an  ascending 
grade  of  0.73,  and  2°  curves.  The  same  extended  east  nearly  to  Rio 
Frio;  here,  rough  country  was  encountered,  and  a  succession  of  grades 
up  and  down,  2.50%  in  both  directions,  with  maximum  curves  at  the 
top  and  bottom  of  each  grade.  The  line  ascended  38  m.  to  La  Cima, 
and  ran  down  again  to  Las  Vigas,  the  natural  summit  of  the  country, 
the  distance  being  15  km.  A  revision  of  the  line,  built  while  the 
writer  was  in  charge,  reduced  the  grade  to  a  supported  0.35  and  a 
maximum  curve  of  3  degrees.  The  line  was  shortened  11  km.,  and,  in 
this  short  distance,  more  than  1 100°  of  curvature  were  eliminated. 
The  quantities  of  the  revision  were  nearly  three  times  those  of  the 
original  line,  but  the  cost  was  very  nearly  the  same,  due  to  the  fact 
that  nearly  all  the  original  line  was  in  rock,  and  the  revision  was 
nearly  all  in  earth. 

In  operation,  the  revision  cut  down  the  helper-engine  distance  28 
km. ;  trains  in  both  directions  were  helped,  and  the  estimate  showed 
more  than  20%  per  annum  on  the  cost  of  making  the  change. 

The  line  from  Metepec  to  San  Lorenzo  was  worked  out  on  the  basis 
of  ton-kilometer  cost,  and  when  revision  was  made,  the  net  returns  to 
the  Company  were  estimated  as  being  more  than  15  per  cent.  An 
examination  of  the  returns  of  the  Company  after  these  revisions  were 
made  showed  that  the  estimates  were  conservative. 

Below  Las  Vigas  the  line  descends  on  a  2.50%  grade  to  Banderilla; 
then  there  is  a  light  grade  crossing  over  into  another  drainage,  with 
a  2.50%  adverse  grade  to  above  Briuio,  descending  again  on  a  2.50% 
grade  to  Jalapa.  This  work  of  revision  was  heavy,  and  business  did 
not  yet  justify  the  change  there.  It  was  close  at  hand  in  1911,  how- 
ever, together  with  that  to  Las  Vigas.  The  writer  disagrees  with  Mr. 
Ingram  in  believing  that  the  Company,  having  made  two  investments 
which  proved  so  profitable,  will  not  make  another  along  the  same  lines 
when  peace  happily  returns  to  Mexico. 

Below  Jalapa,  the  revision  showed  that  the  old  Camino  IN'ational, 
along  which  the  Mexican  Tramway  ran  in  Mr.  Wellington's  time,  was 
the  proper  route,  a  2%  line  with  a  maximum  cur^^e  of  6°  being  found 
and  compensated.  The  tonnage  was  calculated,  and  the  quantity  re- 
quired to  make  the  investment  in  the  change  of  line  profitable  was 


Low. 
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Mr.     determined.     That,  too,  was  not  so  far  away  when  the  Madero  Eevolu- 
■  tion  caused  postponement  of  the  question  of  investments  in  all  Mexican 
projects  excepting  oil  lands. 

Unlike  Mr.  Ingram  and  others,  of  the  Mexican  Railway,  the  writer 
is  not  proud  of  the  location  of  the  Interoceanic.  It  is  a  fine  property, 
and  it  is  to  be  regretted  that  its  location  renders  it  inferior  to  the 
Mexican  line  as  a  transportation  machine,  when  it  could  have  been 
superior,  as  no  doubt  it  will  be  when  peace  comes,  prosperity  returns, 
and  it  is  made  of  standard  gauge. 
Mr.  Emile  Low,*  M.  Am.  Soc.  C.  E.  (by  letter)  .f — On  March  4th,  1517, 
Erancisco  Hernandez  de  Cordoba  discovered  the  coast  of  Yucatan, 
and  in  the  following  year  Juan  de  Grijalva  landed  on  the  island  now 
occupied  by  the  castle  of  San  Juan  de  Ulua,  oif  Vera  Cruz.  On 
April  21st,  1519,  Hernando  Cortez  landed  on  the  site  of  the  present 
city  of  Vera  Cruz.  On  August  16th,  1519,  Cortez  and  his  bold  Con- 
quistadores  left  Cempoalla,  the  capital  of  the  Totonac  Indians,  on 
his  famous  march  to  the  Aztec  capital,  Tenochtitlan,  the  site  of  the 
present  City  of  Mexico.  His  force  consisted  of  400  Spanish  soldiers, 
15  horses,  with  7  pieces  of  artillery,  augmented  by  several  thousand 
Totonac  Indians. 

The  line  of  march  passed  through  the  Indian  village  of  Jalapa, 
thence  to  the  north  of  the  volcano,  Cofre  de  Perote,  reaching  the 
table-land,  across  this  to  the  Indian  towai  of  Tlaxcala,  where  a  battle 
was  fought  with  the  natives,  in  which  the  Spaniards  were  victorious. 
From  this  place  the  march  continued  to  Cholula,  where  another  battle 
was  fought  between  the  Conquistadores  and  the  Cholulans,  in  which 
several  thousand  of  the  latter  were  slain.  The  ascent  of  the  moun- 
tain then  began,  Cortez  crossing  the  saddle  between  the  volcanoes  of 
Popocatepetl  and  Iztaccihuatl,  descending  to  the  town  of  Amecameca, 
and  then  across  the  valley  to  the  capital  of  Montezuma  which  was 
entered  E"ovember  8th,  1519,  less  than  3  months  after  leaving  the 
shores  of  the  Gulf  of  Mexico. 

It  is  hard  to  believe  that  the  route  traveled  was  anything  more  than 
a  trail,  perhaps  the  only  one  between  the  capital  and  the  Gulf  of 
Mexico,  a  foot-path  only.  There  were  no  horses  in  the  country,  and 
wheeled  vehicles  were  unknown.  Horses  were  brought  to  Mexico  by 
the  Spaniards  and  during  the  two  centuries  which  succeeded  the 
Conquest,  the  journey  between  the  coast  and  the  interior  was  made 
on  horse,  or  mule  back,  or  on  foot.  At  the  beginning  of  the  Nineteenth 
Century,  litters  (literas)  were  used  between  Vera  Cruz  and  Jalapa, 
and  a  line  of  coaches  ran  thence  to  the  capital.  In  1833  the  first  stage 
line  was  established  between  Mexico  and  Jalapa,  and  was  extended 
later  to  the  coast. 

*  Bullalo,  N.  Y. 

t  Received   by   the   Secretary   May   2d,   1916. 
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As  streams  flowed  in  an  almost  direct  line  from  the  top  of  the  Mr. 
table-hmd  to  the  coast,  making  the  shortest  descent,  which  was  the  ^°^*" 
reason  for  the  first  line  of  communication  chosen.  If  there  was  an- 
other one,  or  more,  the  fact  was  not  known  at  the  time.  Later, 
another  trail  was  developed  to  the  south  of  Orizaba,  and  still  later, 
at  about  the  end  of  the  Eighteenth  Century,  they  were  transformed 
into  wagon  roads,  with  the  dignified  name  of  camino  real,  the  King's 
highway. 

On  page  2572*  these  two  highways  between  Vera  Cruz  and  the  City 
of  Mexico  are  mentioned.  The  northern,  passing  to  the  north  of 
Cofre  de  Perote,  built  at  tiie  expense  of  the  Consulate  of  Mexico  and 
constructed  with  Roman  splendor,  to  serve  as  a  passage  for  all  the 
traffic  carried  on  by  New  Spain  at  one  period,  was  abandoned  shortly 
after  the  Independence  (1823).  Its  towns,  which  were  maintained  by 
a  fictitious  commercial  movement,  were  depopulated'  little  by  little, 
and  its  fields  were  deserted. 

The  National  or  King's  bridge — Puente  del  Eey,  as  it  was  called 
during  the  colonial  period — 5(3  km.  out  from  Vera  Cruz,  was  con- 
structed toward  the  end  of  the  Eighteenth  Century  by  Gen.  Don 
Manuel  Rincon.  In  its  material  aspect  it  had  the  appearance  of  a 
Roman  viaduct,  and  the  structure  was  executed  not  only  scientifically, 
but  with  splendor,  as  it  changes  its  direction  to  follow  the  course  of 
the  road. 

AVhen  Capt.  Talcott  landed  in  Vera  Cruz,  in  January,  1858,  he 
found  the  conditions  as  stated.  From  the  examinations  made  by  him, 
he  decided  that  the  proper  line  for  a  railroad  was  via  Orizaba,  and 
his  surveys  were  all  based  on  this  decision. 

Subsequent  events  absolutely  justified  this  action,  and  it  w^ould 
have  been  nothing  less  than  a  national  calamity  for  Mexico  had  the 
Jalapa  route  been  chosen  at  the  time. 

About  1873,  Don  Ramon  Zangroniz,  of  Vera  Cruz,  obtained  a  con- 
cession for  a  tramway  from  Vera  Cruz  to  Jalapa,  to  be  operated  by 
animal  power.  He  succeeded  in  building  only  a  short  section  of  it, 
when,  in  1874,  the  concession  was  transferred  to  the  Mexican  Rail- 
way Company,  Limited,  which  continued  and  completed  the  construc- 
tion in  May,  1875. 

This  horse  tramway  actually  began  at  the  Tejeria  station,  15  km. 
out  from  Vera  Cruz  on  the  Mexican  Railway,  and  then  continued  in 
a  straight  line  to  San  Juan,  where  the  main  highway  (which  passed 
north  from  Vera  Cruz)  was  intersected  and  generally  followed  to 
Jalapa,  passing  through  the  towns  and  villages  of  Zopilote,  Tierra 
Colorada,  Paso  de  Ovejas,  Puente  Nacional,  Rinconada,  Plan  del  Rio, 
Cerro  Gordo,  and  Dos  Rios,  the  distance  between  Vera  Cruz  and 
Jalapa  being  114  km.  (71  miles),  with,  a  rise  of  1361  m.  (4  465  ft.), 
*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915. 
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Mr .  of  which  1100  m.  (3  608  ft.)  are  made  between  Rincor-xlevolu- 
Jalapa,  a  distance  of  50  km.  (31  miles),  an  average  grauU  Mexican 
although  it  is  stated  that  10%  grades  abound,  which  statement  neecti 
verification. 

This  tramway,  extending  for  more  than  70  miles,  was  the  longest 
horse  railway  in  the  world. 

The  late  A.  M.  Wellington,  M.  Am.  Soc.  C.  E.,  landed  in  Vera 
Cruz  in  March,  1881,  and  it  may  not  be  amiss  to  state  here  that  the 
writer  and  his  father,  Sigismund  Low,  were  fellow  travelers  on  the 
same  steamer  from  New  York,  having  secured  service  with  the 
Mexican  Central  Railway,  then  under  construction  between  the  City 
of  Mexico  and  El  Paso  del  Norte  (now  Ciudad  Juarez),  while  Well- 
ington and  his  principal  assistant,  the  late  H.  H.  Filley,  M.  Am.  Soc. 
C.  E.,  we're  employes  of  the  Mexican  National  Railroad,  a  narrow- 
gauge  line  building  between  the  City  of  Mexico  and  Laredo  on  the 
Rio  Grande.  As  stated  by  Wellington,*  his  first  assignment  was  to 
make  a  reconnaissance  for  a  railroad  line  from  Vera  Cruz  to  Mexico, 
via  Jalapa  "sufficient  to  determine  the  general  possibilities  of  the 
route"  and  on  which  a  corps  of  engineers  was  already  engaged.  The 
reconnaissance  made  by  Wellington  occupied  only  3  days,  and  the 
resulting  report  was  "that  a  2  per  cent,  grade  (uncompensated)  was 
practicable".  Such  a  conclusion  was  easily  arrived  at,  as  all  the 
necessary  data  were  available.  The  natural  topography  of  the  country 
was  such,  that  a  2%  grade  (uncompensated)  just  fitted  it,  although  it 
was  necessary  at  a  number  of  points  to  use  an  excessive  development 
of  line  in  order  to  maintain  this  low  grade.  It  may  be  pertinent  to 
ask  here  why  Wellington  called  this  line,  the  "American  Line".  He, 
like  many  other  engineers  not  familiar  with  railroad  building  in 
JMexico,  labored  under  the  belief  that  the  Mexican  Railway  (Vera 
Cruz-Mexico)  was  surveyed,  located,  and  constructed  by  English 
engineers,  when  the  very  opposite  was  true,  that  honor  belonging  to  an 
American  engineer,  Capt.  Andrew  Talcott,  whose  name  and  fame  is 
indelibly  connected  with  it. 

Some  time  after  Wellington's  reconnaissance,  further  surveys  were 
made,  which  showed  a  rise  of  7  323  ft.  in  72.64  miles.  Wellington  then 
made  a  comparison  of  his  line  with  that  of  the  Mexican  Railway,  and, 
regarding  their  respective  grades,  says: 

"Continuous  2  per  cent,  (uncompensated)  against  a  broken  4  per 
cent,  (uncompensated)  ;  including  the  effect  of  curvature  or  of  com- 
pensation therefor,  2.6  per  cent,  against  6  per  cent." 

It  is  hard  to  understand  what  method  of  computation  was  used  in 
arriving  at  the  comparative  rates  of  grades,  after  allowing  for  com- 

*  "The  American  Line  from  Vera  Cruz  to  the  City  of  Mexico,  via  Jalapa.  with 
Notes  on  the  Best  Methods  of  Surmounting  High  Elevations  by  Rail,"  Transactions, 
Am.  Soc.  C.  E.,  Vol.  XV,  p.  791. 
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pensation.  Wellington  allowed  for  his  line,  in  which  20°  curves  oc-  Mr. 
eurred,  a  rate  of  0.03  ft.  per  degree,  which  would  give  0.6  ft.,  or  an  ^°^- 
equivalent  2.6%  grade.  For  the  Mexican  Eailway,  he  assumed  a  rate 
of  0.11%  which  would  give  2.0  ft.,  or  an  equivalent  6.0%  grade,  cer- 
tainly a  most  extraordinary  method  of  calculation.  With  the  same 
rate  of  curve  compensation,  the  equivalent  grade  would  have  been,  on 
the  Mexican  Railway,  4.5  per  cent. 

After  a  short  connection  with  the  Mexican  ISTational  Railroad, 
Wellington  returned  to  the  United  States,  but  soon  after  entered  the 
service  of  the  Mexican  Central  Railway,  and,  during  his  connection 
with  this  railway,  1881-83,  he  was  an  ardent  advocate  of  2%  grades, 
under  all  conditions,  very  high  curve  compensation,  and  momentum 
grades,  which  requirements  did  not  always  fit  every  line,  as  was  shown 
in  the  case  of  the  Guanajuato  Branch- Siloa-Marfil, .  in  which  the 
writer,  under  his  father,  was  in  charge  of  location  and  construction. 

The  original  survey  for  this  branch  line  was  from  a  point  between 
Irapuato  and  Siloa,  following  the  valley  of  the  Guanajuato  River  to 
the  city  of  the  same  name.  This  would  have  placed  the  junction  in 
an  undeveloped  plain,  and  Siloa  was  finally  selected.  To  reach 
Guanajuato  from  this  city  it  was  necessary  either  to  tunnel  a  high 
foot-hill  or  go  over  the  top.  A  3%  grade  just  fitted  the  topography, 
and  the  line  was  thus  located.  Wellington  ordered  a  2%  grade  with 
high  curve  compensation,  which,  starting  with  a  shallow  cut  at  the 
summit,  brought  the  line  on  reaching  the  main  valley  "high  up  in 
the  air",  necessitating  much  development  to  get  down,  and  almost 
doubling  the  distance.  It  is  needless  to  say  that  this  low  grade  line 
was  abandoned  and  the  3%  line  built. 

The  present  Mexican  Railway  was  incorporated  on  August  20th, 
1864,  as  the  Imperial  Mexican  Railway  Company,  Limited,  under  the 
government  of  Emperor  Maximilian,  being  granted  a  subvention  (con- 
cession or  subsidy)  of  $560  000  a  year,  of  which  $420  000  was  the 
property  of  the  company  for  25  years  dating  from  November  11th,  1868. 
^  The  Mexican  Government  also  agreed  not  to  subsidize  any  other 
railroad  between  Vera  Cruz  and  the  City  of  Mexico  for  65  years  from 
November,  1868. 

The  railroad  via  Jalapa,  3-ft.  or  narrow  gauge,  was  subsequently 
built  under  the  name  of  the  Interoceanic  Railway,  a  link  in  the 
present  National  Railways  of  Mexico. 

It  was  chartered  on  April  30th,  1888,  and  purchased  all  the  con- 
cessions granted  by  the  Mexican  Government  for  a  railroad  from 
Vera  Cruz  to  Amacusac  (near  Puente  de  Ixtla)  via  Puebla  and  the 
City  of  Mexico.  The  main  line  via  Puebla  was  opened  from  Mexico 
to  Vera  Cruz  on  April  1st,  1891,  the  distance  being  339  miles. 

Above  and  below  Jalapa  there  are  3%  grades.  Later,  about  1905, 
a    cut-ofp   was   built    between    San    Lorenzo    and    Oriental,    72    miles, 
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Mr.  which  red]aced  the  distance  to  293  miles  between  Vera  Cruz  and  the 
*  City  of  Mexico,  as  compared  with  264  miles  via  the  Mexican  Eailway. 

The  map,  Plate  XI,  shows  the  lines  of  the  Mexican  and  Interoceanic 
Railways  between  Vera  Cruz  and  the  City  of  Mexico. 

The  especial  feature  shown  on  this  map  is  the  more  favorable 
alignment  of  the  Mexican  Railway,  the  sinuosities  of  the  Jalapa  line 
being  very  pronounced. 

The  highest  elevation  of  the  Maltrata  grade  on  the  Mexican  Rail- 
way is  between  Boca  de  Monte  and  Esperanza,  it  being  2  470  m. 
(8  104  ft.)  (although  there  is  a  slightly  higher  elevation,  just  east  of 
San  Andres,  2  485  m.  (8  153  ft.)  and  on  the  Interoceanic  at  La  Cima, 
the  elevation  is  2  465  m.  (8  087  ft.).  There  are  descents  on  the  former 
line  aggregating  about  130  m.  (426.5  ft.),  probably  somewhat  less  on 
the  latter  line,  so  that  the  sums  of  the  ascents  and  descents  are  a  little 
in  favor  of  the  Jalapa  line. 

Regarding  the  highest  elevation  between  Vera  Cruz  and  the  City  of 
Mexico,  Hacienda  de  Acocotla,  between  Apizaco  and  Huamantla,  on 
the  Mexican  Railway  is  2  537  m.  (8  323  ft.)  and,  on  the  Interoceanic, 
Mena  is  2  568  m.  (8  425  ft.). 

For  a  number  of  years,  and  likely  now,  all  competitive  traffic,  both 
import  and  national,  has  been  pooled  by  the  two  competing  lines. 

In  reference  to  the  report  of  Mr.  Pascual  Almazan  on  a  line  via 
Pueblo  Viejo,  Octitlan,  Ixhuatlan  and  San  Juan  Coscomatepec,  it 
will  be  noted  on  the  map,  Plate  XI,  that  the  Mexican  Railway  has 
since  built  a  railroad  from  Cordoba  to  the  latter  town.  Thus,  it  will 
be  seen  that  many  of  the  railroad  lines  follow  the  old  trails,  which 
proves  that  to  some  extent  the  Indian  was  the  pioneer  engineer. 
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Discussion.* 


By  Messrs.  E.  P.  Goodrich  and  William  CAiN.f 


Mr. 


E.  P.  Goodrich,:}:  M.  Am,  Soc.  C.  E. — The  speaker  desires  to 
commend  the  author  for  his  plea  for  clearer  thinking  and  for  Goodrich, 
more  careful  analysis  of  physical  phenomena  connected  with  earth 
pressures,  but  does  not  believe  that  the  point  raised  with  refer- 
ence to  internal  friction  is  of  material  moment,  even  though 
there  may  be  theoretical  reasons  which  lead  to  a  possible  division 
into  sliding  friction  proper  and  cohesion.  The  author  points  out  that 
unit  cohesion  will  probably  be  found  to  increase  with  depth,  and  is, 
therefore,  variable.  In  his  discussion  of  the  element  of  friction,  he 
also  suggests  that  a  variation  may  occur.  Should  it  be  found  that 
these  two  elements  vary  according  to  different  laws,  it  may  conduce  to 
clarity  of  thought  to  analyze  them  separately;  but  should  the  laws  of 
variation  be  found  to  be  practically  identical,  or  the  amount  of  varia- 
tion in  one  case  or  the  other  very  slight,  then  there  apjaears  to  be  no 
practical  reason  for  not  using  a  single  element  to  include  both  factors 
and  including  both  in  a  common  term.  For  the  sake  of  clarity,  the 
term  "angle  of  internal  friction"  seems  to  the  speaker  to  be  as  good 
as  any. 

It  is  not  understood  that  the  author  objects  to  the  internal  friction 
theory  as  applied  to  many  other  materials,  as  it  would  seem  impossible 

*  Discussion  of  the  paper  by  William  Cain,   M.  Am.   Soc.   C.   E.,   continued  from 
April,  1916,  Proceedings. 
t  Author's  closure. 
t  New   York   City. 
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Mr. 
Goodrich, 


that  such  could  be  the  case  on  the  part  of  any  one  who  has  studied 
with  care  the  analysis  made  by  Professor  Basquin  in  a  paper*  before 
the  Western  Society  of  Engineers  in  1912.  The  fact  that  results  of 
such  marked  concordance  can  be  secured  when  computed  by  the  theory 
of  internal  friction  (ignoring  cohesion),  in  comparison  with  tests, 
leads  to  the  conclusion  that  the  separation,  suggested  by  the  author, 
between  sliding  friction  and  cohesion  is  probably  unnecessary.  Table 
4  which  illustrates  this  concordance  of  results,  has  been  computed  by 
Professor  Basquin. 

TABLE  4 — Angle  of  Eupture. 


Material. 

Angle. 

Observed. 

Computed. 

54.8° 

55 

62.2 

59.7 

58.2 

55  3° 

"  '          "          B 

53.4 

Limestone 

61.7 
5S.6 

58.5 

The  diagrams  in  Professor  Basquin's  paper,  with  reference  to  the 
principal  stresses  developed  in  thick  cylinders,  according  to  the  theories 
of  internal  friction,  maximum  principal  stress,  maximum  principal 
strain,  and  maximum  shearing  stress,  show  such  a  striking  concord- 
ance with  fact  in  the  ease  of  the  results  computed  by  the  theory  of 
internal  friction  (ignoring  cohesion),  that  the  author's  suggestion 
would  seem  to  be  of  small  weight.  Finally,  Professor  Basquin's  use 
of  the  diagram  of  circular  stress  in  analyzing  one  of  the  experiments 
on  bank  sand,  reported  in  the  speaker's  paper  on  "Lateral  Earth 
Pressures  and  Related  Phenomena",!  discloses  the  relative  importance 
of  cohesion  and  sliding  friction  in  the  case  of  that  earth,  and  with  a 
uniformity  of  result  which  is  believed  to  go  far  toward  demonstrating 
the  fact  that  internal  friction  is  the  largest  factor  in  earth  pressure 
phenomena,  and  that  a  knowledge  with  regard  to  this  will  make  pos- 
sible a  fairly  accurate  analysis  of  earth  pressures. 

The  speaker  heartily  agrees  with  the  author's  suggestion  that  the 
Special  Committee  of  the  Society  which  is  making  investigations  of 
earth  pressure  matters  should  have  placed  at  its  disposal  a  properly 
equipped  laboratory,  if  it  is  to  do  any  work  of  value. 

It  is  not  understood  that  a  recommendation  is  made  as  to  any 
special  testing  scheme,  the  special  device  suggested  by  the  author 
having   been    found,   more   than   12   years   ago,    to   be   inadequate   to 

*  "The  Circular  Diagram  of  Stress  and  Its  Application  to  the  Theory  of  Internal 
Friction",  Journal,  Western  Soc.  of  Engrs.,  Vol.  XVII,  p.  815. 
t  Transactions,  Am.   Soc.   C.  E.,   Vol.  LIII,   p.  272. 
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secure  accurate  results,  the  speaker  turning  finally  to  his  testing  Mr. 
cylinder,  because  it  provided  results  which  were  not  approached,  with  Goodrich, 
regard  to  consistency  and  sensitiveness,  by  any  other  device.  The 
results  of  these  tests  with  the  sliding  boxes,  in  experiments  on  clay, 
were  found  to  be  extremely  difficult  of  interpretation.  Plastic  clay  is 
almost  viscous  in  its  action,  so  that  motion  of  the  boxes  commenced 
xmder  very  small  stresses  and  actually  attained  a  visible  velocity  with 
increases  of  load,  even  before  the  one  at  which  a  proper  break  occurred 
and  sliding  friction  was  developed. 

Difficulties  of  other  kinds  were  also  encountered  in  the  use  of  the 
boxes,  which  were  not  susceptible  of  being  overcome  by  the  speaker. 
The  sensitiveness  necessary  in  any  apparatus  is  illustrated  by  the 
fact  that  his  early  experiments  were  made  with  cigar  boxes  filled  with 
sand,  and  the  angle  of  friction  was  measured  by  tilting  the  boxes 
until  one  slid  over  the  other.  It  was  found  that  when  the  first  two 
boxes  used  (which  were,  respectively,  3  and  5  in.  deep)  were  reversed 
in  position,  the  angle  of  tilt  at  which  sliding  took  place  differed.  Such 
a  sensitiveness  to  load  conditions  was  susceptible  of  careful  de- 
termination only  with  accurate  testing  machinery,  and,  in  consequence, 
the  cylinder  was  developed.  In  the  early  experiments  with  the  latter 
device,  it  was  found  that  infinitesimal  displacements  of  the  soil  par- 
ticles produced  marked  changes  in  internal  stresses. 

It  was  thus  proved  indispensable  that  some  device  should  be  in- 
vented which  would  maintain  internal  stress  and  strain  conditions 
with  practical  exactness.  The  electrical  device  finally  installed  made 
this  possible,  and  it  is  interesting  to  note  that  the  Government,  in 
its  testing  experiments,  has  not  yet  been  able  to  improve  the  speaker's 
type  of  design  of  apparatus  so  as  to  increase  its  sensitiveness  ma- 
terially. Earth  is  elastic  to  a  certain  extent,  and  as  long  as  the 
strains  are  within  this  very  minute  elastic  limit  (the  existence  of 
which  experiments  have  demonstrated),  it  is  probable  that  stress 
changes,  which  are  materially  different  from  those  in  the  earth  mass 
in  its  virgin  state,  do  not  take  place.  The  analysis  of  the  work  done 
by  the  speaker  is  believed  to  demonstrate  that  the  experiments  with 
the  cylinder,  when  analyzed  by  means  of  Rankine's  formula,  will 
give  the  angles  of  internal  friction  (using  the  word  in  the  sense  de- 
precated by  the  author),  and  that  a  series  of  such  tests  under  varying 
pressures,  when  plotted  in  accordance  with  the  scheme  developed  by 
Professor  Basquin,  will  give  what  the  author  desires,  viz.,  both  slid- 
ing friction  and  cohesion. 

In  passing,  it  is  interesting  to  note  that  the  author,  in  his  very 
interesting  paper  on  "Stresses  in  Wedge-shaped  Reinforced  Concrete 
Beams",*  used  the  very  term,  "internal  friction",  which  he  condemns 
in  this  paper.     He  should  doubtless  be  forgiven,  because  each  has  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVII,  p.  745. 
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Mr.  privilege  of  changing  his  mind,  but  it  seems  to  the  speaker  that  the 
Goo  rich,  expression  is  both  appropriate  and  descriptive,  and  that  it  will  hardly 
be  surrendered,  because  of  a  more  or  less  theoretical  idea  that  the 
internal  phenomena  combine  two  variables.  The  speaker  wishes  to 
repeat  most  emphatically  his  statement  of  belief  that  it  is  absolutely 
necessary  to  secure  a  vast  amount  of  adequate  information  in  regard 
to  soils  of  all  kinds.  To  this  end  it  is  hoped  that  the  Special  Com- 
mittee of  the  Society  will  be  given  every  opportunity  to  make  exten- 
sive and  exhaustive  experiments. 

Mr.  William  Cain,*  M.  Am.  Sog.  C.  E.  (by  letter). f— Both  Mr.  Eichard- 
son  and  Mr.  Green  refer  to  the  definition  of  cohesion  as  given  in  the 
Century  Dictionary.  This  definition  appeals  perhaps  more  to  some 
physicists  than  to  the  engineer.  The  writer  has  always  had  in  mind  the 
following  definition,  as  given  in  the  Standard  Dictionary : 

"Cohesion  is  that  force  by  which  molecules  of  the  same  kind  or 
of  the  same  body  are  held  together,  so  that  the  body  resists  being  pulled 
to  pieces.    *    *    * 

"The  distinction  between  cohesion  and  adhesion,  once  insisted  upon 
strongly,  is  not  now  generally  regarded  as  fundamental.  Some 
physicists  have  limited  cohesion  to  particles  of  the  same  kind,  others 
to  those  of  the  same  body.  Thus  the  force  that  holds  the  mica  to  the 
feldspar  in  granite  would  be  called  cohesion  by  some,  and  adhesion 
by  others." 

As  is  evident  from  this  definition  and  the  accompanying  comments, 
the  word  "body"  can  refer  to  a  heterogeneous  mass,  as  a  mass  of  earth, 
or  a  granite  rock  consisting  of  quartz,  feldspar,  and  mica,  and  it  is 
plain  that  there  is  authority — even  among  physicists — for  the  state- 
ment that  any  heterogeneous  mass  of  earth  may  be  endowed  with 
cohesion. 

Certainly,  as  far  as  the  writer  knows,  engineers  have  always  held 
this  view,  evidently  for  the  reason  that  they  are  principally  concerned 
with  the  resistance  to  sliding  of  the  earth  along  a  plane,  and,  to  a 
limited  extent,  to  its  tensile  resistance,  the  word  "earth"  referring 
to  clay  or  to  any  heterogeneous  mixture  of  sand  or  gravel  with  clay 
or  clayey  matter,  and  perhaps  humus,  with  more  or  less  moisture. 
At  one  extreme,  we  may  have  nearly  clean,  dry  sand  with  very  little 
cohesion;  at  the  other  extreme,  pure  clay  with  a  large  cohesive  resist- 
ance. In  fact,  clay  and  consolidated  earth  act  like  a  solid  in  being 
able  to  resist  both  tensile  and  shearing  forces;  but  they  differ  from 
a  solid  (as  iron)  in  this,  that  their  elasticity  is  null  or  imperfect, 
and  their  properties  vary  very  greatly  with  the  heat  and  moisture 
present,  with  the  consequent  freezing  and  thawing,  and  the  chemical 
changes  that  may  occur.     The  properties  of  earth  are  likewise  affected 

*  Chapel  Hill,   N.  C. 

t  Received  by  the   Secretary,   June   9th,    1916. 
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by  vibration  duo  to  heavy  movinp:  ti'ains  or  vehicles,  so  that,  in  con-   Mr. 
sequence  of  the  various  influences  cited,  the  time  element  comes  in,    *  °' 
which  thus  differentiates  it  from  a  solid,  such  as  steel  when  properly 
protected  from  chemical  changes. 

The  term  "cohesive  resistance"  of  earth  may  properly  apply  either 
to  its  tensile  resistance  or  to  its  resistance  to  sliding  along  a  plane 
in  the  earth,  dependent  on  the  viewpoint.  However,  as  the  tensile 
resistance  of  the  earth  is  rarely  called  for,  the  term  "cohesive  resist- 
ance of  earth",  from  Coulomb's  time  to  the  present,  has  been  gener- 
ally restricted  to  mean  the  resistance  to  sliding  as  affected  by  cohesion, 
exactly  as  given  by  Coulomb's  two  laws  and  the  resulting  Equations 
(1)  and  (2),  referring  to  Fig.  1. 

As  previously  stated,  these  two  laws  are  still  on  trial,  but,  as  far 
as  experiments  go,  they  are  practically  sustained.  Thus,  the  results 
of  the  first  series  of  experiments  of  MM.  Jacquinot  and  Frontard,  as 
given  by  the  readings,  when  reduced  to  English  weights  and  measures, 
are  as  follows : 


Normal  load,  pm  in  pounds  per 
square  foot. 

692 
2  980 
5  665 
7154 


Tangential  force  causing  rupture, 
q,  in  pounds  per  square  foot. 

492 

837 
1196 
1450 


Here  p„   and  q,  the  observed  quantities  of  the  experiments,  have  the 
meanings  previously  given. 


Nornjal  Pressure,  p  ,  in  pounds  per  square  foot. 

Fig.  2. 

On  plotting  the  values  of  Pn  as  abscissas,  and  the  corresponding 
values  of  q  as  ordinates,  as  shown  in  Fig.  2,  it  is  found  that  the 
straight  line, 

q  =  p„  tan.  8°  15'  +  385, 

very  nearly  passes  through  the  plotted  points.  On  comparing  with 
the  equation, 

q  =  p„  tan.  <f)  -\-  h, 

it  is  seen  that  cf>  =  8°  15',  and  k  =  385  lb.  per  sq.  ft.  (cohesion). 
Resal,  in  Table  1,  assumes  <^  =  8°,  and  computes  the  corresponding 
values  of  h  from  the  last  formula,  for  the  simultaneous  values  of  p„ 
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Mr.    and  q  observed.     The  method  just  outlined  seems  to  the  writer  to  be 
■  more  satisfactory  in  its  results.     In  this  first  series  of  experiments, 
the  cakes  or  pats  of  earth  experimented  on  were  very  moist,  but  the 
apparatus  was  in  order  and  the  results  were  considered  reliable. 

In  the  next  series  of  experiments,  the  manometers  were  out  of 
order,  and  a  large  correction  had  to  be  applied;  hence  the  results  are 
open  to  doubt,  and  may  not  be  reliable.  The  cakes  were  taken  directly 
from  the  earthen  dam,  and  they  contained  "the  minimum  quantity 
of  water  compatible  with  plasticity".  The  results  are  as  follows: 


Normal  load,  pn    In  pounds  per 
square  foot. 

3  057 
5  479 
7  740 
9  921 


Tangential  force  causing  rupture, 
q,  in  pounds  per  square  foot. 

1036 
1356 
1941 

2  288 


Normal  Pressure,  p„,  in  pounds  per  square  foot. 

Fig.  3. 

The  simultaneous  values  of  Pn  and  q  are  shown  by  Fig.  3,  and  it  is 
found  that  the  straight  line  that  nearly  fits  the  experimental  results 
has  the  equation, 

q  =  Pn  tan.  10°  35'  +  443, 

whence  ^  =  10°  35',  and  h  =  443  lb.  per  sq.  ft.  On  plotting  to  a  large 
scale,  the  value  of  k  (the  intercept  of  the  straight  line  on  the  axis  of  q) 
and  the  inclination  of  the  line  can  be  found  with  all  desirable  accuracy. 

Referring  now  to  Mr.  Bell's  experiments,  of  which  only  a  brief 
summary  has  been  given,  it  was  found  by  Mr.  Bell,  in  all  the  experi- 
ments on  eleven  different  classes  of  soils,  mainly  of  clay,  that  a  straight 
line  fitted  the  plotted  results  very  well  in  every  instance,  and,  further, 
that  in  no  case,  except  for  perfectly  dry  sand,  did  the  straight  line 
pass  through  the  origin;  hence  the  graphs,  Figs.  2  and  3,  are  typical 
of  the  results  of  the  experiments  thus  far  performed,  and  the  two 
laws  of  Coulomb,  with  the  resulting  Equations  (1)  and  (2),  seem  to 
be  verified. 

It  will  be  observed,  therefore,  for  ordinary  (clayey)  earth  or 
clay,  whether  pure  or  impure,  that  the  graph  never  passes  through 
the  origin,  and  that  the  equality,  q  =  p„  tan.  <^,  referring  to  earth 
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endowed  with  friction  but  without  cohesion,  is  never  fulfilled.  The  Mr. 
grraph  oi  q  =  Pn  tan.  <j>'  (where  cf/  >  <^)  is  shown  by  a  dotted  line  in  *°" 
Fig,  2,  or  Fig.  3,  and  such  a  line  never  represents  the  facts  for  the 
materials  in  question.  The  attempt  to  use  such  a  line  as  a  sort  of 
average  for  the  application  of  the  ordinary  theory  of  non-coherent 
earth  would  prove  futile,  because,  if  x  is  the  abscissa  of  the  intersection 
of  the  two  lines, 

q  =  p„  tan.  cf>'  and  q  =  Pn  tan.  <!>  -\-  Jc, 

it  is  seen  that  when  p^  <  x,  the  value  of  q  given  by  the  first  equa- 
tion is  too  small  and  when  p„  >  x,  it  is  too  large.  Thus,  along  a 
plane  of  rupture,  the  resistance  to  sliding  would  not  be  given  correctly 
by  the  first  equation  for  any  value  of  p„  other  than  x.  From  all 
that  precedes,  it  is  evident  that  the  statement  of  Mr.  Green,  that,  in 
Fig.  1,  "the  ratio  of  Q  to  P„  is  the  coefficient  of  static  friction  of 
the  material  tested"  is  untenable,  and  that  any  attempt  to  apply  such 
a  conception  to  the  case  of  earth  endowed  with  cohesion  as  well  as 
friction,  is  doomed  to  failure.* 

The  writer  is  glad  to  note  that  Mr.  Richardson  agrees  with  him 
that  a  more  intimate  contact  of  the  particles  should  increase  the 
coefficient  of  cohesion  for  a  given  earth,  but  he  is  of  the  opinion  that 
the  increase  is  not  so  much  a  function  of  the  total  surface  of  the 
particles  as  of  the  area  of  their  actual  contact  along  the  plane  of 
sliding.  However  that  may  be,  the  engineer  is  more  especially  inter- 
ested in  the  experimental  values. 

At  first  sight,  from  examination  of  Figs.  2  and  3,  the  assumption 
does  not  seem  to  be  realized,  but  it  is  possible  that  the  results  have 
not  been  interpreted  aright.  In  fact,  Resal  suggests,  in  connection 
with  the  results  pertaining  to  Fig.  3,  that  possibly,  if  cf>  was  assumed 
equal  to  8°  32'  (tan.  ^  =  0.15)  and  the  successive  values  of  Jc  are 
computed  from  the  equation,  At  =  g  —  Pn  tan.  c^,  giving  578,  533,  780, 
799  lb.  per  sq.  ft.,  corresponding  to  the  increasing  values  of  p„  pre- 
viously given,  that  the  (generally)  increasing  values  of  Jc  might  repre- 
sent more  nearly  its  true  values. 

So  far  as  the  value  of  q  (the  vital  thing  in  earth  pressure  theory) 
is  concerned,  either  method  leads  practically  to  the  same  value  of 
this  factor;  so  that  the  theory  of  earth  pressure,  which  is  based  on 
the  constant  values  of  cf>  and  k,  as  found  in  Fig.  3,  is  seen  to  be  valid. 

The  supposed  increase  of  k  with  the  normal  pressure  received  a 

striking   confirmation  in  experimenting  with  the  earth   after  it   had 

been  energetically  rammed  for  4  hours,  when  it  was  found  that  the 

coefficient  of  cohesion  had  about  doubled. 

*  The  theory  of  coherent  earth  is  complicated,  but  the  writer,  in  his  "Earth  Pres- 
sure, Retaining  Walls  and  Bins"  (recently  published  by  John  Wiley  and  Sons),  has 
been  enabled,  by  aid  of  Mohr's  "Circular  diagram  of  stress"  to  develop  it  in  the 
simplest  and  most  practical  manner.  It  is  thus  available  whenever  the  coefficients, 
/  =  tan.  (t>  and  fc  for  the  particular  earth,  have  been  ascertained  by  experiment. 
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Mr.  The  engineers   likewise   subjected  the  cakes  or  pats   of  earth  to 

■  lateral  unit  pressures,  two  and  three  times  as  much  as  the  normal  unit 
pressures,  the  lateral  pressures  being  exerted  for  an  hour,  then  released 
and  repeated,  to  consolidate  the  pat  more  thoroughly.  As  a  result, 
the  cohesion  was  found  to  have  increased  60%,  if  tan.  <p  is  assumed 
to  be  equal  to  0.17  (<^  =  9°  39'). 

It  is  a  matter  of  great  practical  importance  to  know  how  to 
increase  the  coefficient  of  cohesion,  and  these  experiments  indicate 
that  ramming,  with  use  of  water,  will  effect  a  material  increase. 
With  filling  behind  a  retaining  wall,  well  rammed  and  thoroughly 
drained,  as  in  Mr.  Lindenthal's  design  previously  noted,  the  thrust 
of  the  earth  should  be  materially  decreased,  and  there  is  every  prospect 
that  the  decrease  may  be  permanent. 

The  writer  has  read  with  great  interest  the  "Progress  Report  of 
the  Special  Committee  to  Codify  Present  Practice  on  the  Bearing 
Value  of  Soils  for  Foundations",*  in  which  the  classification  of  soils 
has  been  done  in  a  scientific  manner,  and  will  afford  a  working 
basis  for  the  complete  investigation  of  their  properties,  which  it  is  to  be 
hoped,  will  be  carried  forward,  with  liberal  aid  from  the  Society,  to 
a  successful  conclusion.  The  "water  content"  of  soils  is  often  very 
loosely  described,  and,  for  definiteness,  it  is  desirable  that  the  tentative 
classificationf  of  the  Special  Committee  on  Soils  be  adopted,  at  least, 
temporarily. 

The  report  of  the  "U.  S.  Bureau  of  Standards  Sub-Committee",  on 
Earth  Experiments  and  Apparatus,:}:  leads  one  to  hope,  from  the 
thorough  manner  in  which  the  preliminary  testing  of  gauges,  etc.,  is 
being  done,  that  reliable  practical  results  may  be  forthcoming.  The 
wall  friction,  possible  arching  of  the  material  in  confined  spaces,  and 
even  minute  movements  of  the  earth  particles  next  the  diaphragm, 
are  bugbears  to  the  experimenter;  all  of  which  are  being  investi- 
gated carefully  by  the  Sub-Committee. 

In  this  report,  the  rotating  gauge.  Fig.  1  (c),§ 
particularly  appealed  to  the  writer,  because  it 
seems  to  offer  a  very  promising  method  of  de- 
termining the  simultaneous  values  of  /  and  k  for 
any  earth.  Thus,  let  the  circle.  Fig.  4,  of  radius 
r,  represent  the  rotating  disk  in  place,  its  cup- 
like top  being  filled  with  earth,  which,  in  the 
rotation,   rubs   against  the   earth   in   the   cylinder  ^^-  *' 

above  it,  the  surface  of  sliding  being  a  horizontal  plane  the  area  of 
which  is  that  of  the  circle  =  A,  say.     If  the  earth  in  the  cylinder  is 

*  Proceedings,  Am.   Soc.   C.   E.,   for  March,   1916,   p.   34.3. 
"i  Ibid.,  p.  347. 
tibid.,   p.    353. 
^Ibid.,  p.  356. 
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subjected    to    pressure,    and    this    is    distributed    uniformly    and    acts   Mr. 

normally  to  the  circular  top  of  the  rotating  disk,  with  intensity,  p,„    *°" 

the  total  normal  pressure  is  p„  A,  and  the  total  frictional  resistance 

to  the  movement  is  p„  Af.     By  a  well-known  theorem,  the  sum  of  the 

moments  of  all  the  elementary  frictional  resistances  about  the  center 

of  the  circle  is  precisely  the  same  as  if  the  total  frictional  resistance 

2 
was  concentrated  at  a  point  distant  -  r   from   the    center.      Precisely 

the  same  reasoning  shows  that  the  sum   of  the  moments   of  all  the 

resistances    due    to    cohesion    is    the    same    as    if   the    total    cohesion, 

2 
A-  A,  on  the  circular  area,  was  concentrated  at  a  point  distant  —  7-  from 

o 

its  center. 

Consequently,  if  M  is  the  torque  or  moment,  due  to  the  external 
force,  about  the  center  of  the  circle, 

M  =  (Pn  Af+kA)^r- 

or, 

M 

q  =- ^  J  p^  +  k  =p^  tan.  <p  +  k. 

-r  A 

Xow,  this  is  precisely  of  the  form  of  Equation  (2),  so  that  when  various 
experimental  values  of  q  for  varying  pressures,  p„,  have  been  found, 
they  may  be  plotted  to  scale,  exactly  as  in  Fig.  2,  and  probable  values 
of  /  =  tan.  (j)  and  k  may  be  read  off  from  the  resulting  graph. 

In  the  foregoing  investigation,  the  thin  rim  at  the  top  of  the  re- 
volving disk  has  been  treated  as  if  it  was  so  much  earth.  If  r  is 
regarded  as  its  inner  radius,  which  is  that  of  the  upper  surface  of  the 
earth  that  revolves,  then  the  right  member  of  the  equation  before  the 
last,  represents  the  moment  of  the  earth  resistance.  To  this  must  be 
added  the  moment  of  the  friction  of  the  top  of  the  metal  rim  on  the 
earth  above,  p„  A^  f  r^,  if  A^  is  its  area  and  r.^  is  its  mean  radius;  so 
that  the  last  equation  is  replaced  by, 

M  —  p„  A,  f  r^ 
*  =  ^'"      ''     '  =  Pn  tan.  0  +  k, 

r  A 
3 

which  is  correct  for  the  assumptions  made.  This  apparatus,  in  opera- 
tion, causes  a  lateral  pressure  to  be  exerted  on  the  earth  corresponding 
to  the  normal  pressure.  It  thus  corresponds  to  the  actual  conditions 
in  a  mass  of  earth  subjected  to  its  own  weight,  or  loaded  uniformly. 
To  a  certain  extent,  this  is  true  for  the  apparatus  suggested  in  Fig.  1, 
but  in  this  there  can  be  no  lateral  pressure  along  the  edges  of  the 
surface  of  rupture;  so  that  in  this  respect  the  former  apparatus  is 
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Mr.  superior.  It  is  superior,  too,  in  giving  a  precise  area  for  the  surface 
^'°'  of  rupture,  which  cannot  be  said  of  Fig.  1,  because  the  earth  may 
spread  beyond  the  confines  of  the  boxes  or  plaques  in  which  it  is 
placed.  However,  the  results  for  the  plaques  are  not  dependent  on  a 
uniform  normal  pressure,  or  unvarying  coefficients,  /  and  h,  along  the 
surface  of  rupture,  because  average  values  for  p„,  f,  and  h  are  perhaps 
admissible  in  Equation  2;  but,  in  the  case  of  the  rotary  disk,  the 
formula  deduced  is  only  compatible  with  a  perfectly  uniform  distribu- 
tion of  normal  pressure  and  for  earth  with  constant  coefficients  of  fric- 
tion and  cohesion  over  the  whole  surface  of  rupture.  Thus,  both 
devices  have  their  drawbacks,  and  one  should  be  used  to  check  the 
other. 

It  is  stated  that  Collin  determined  the  shearing  resistance  of  clay 
and  then  afterward,  by  some  independent  method,  found  its  coefficient 
of  friction.  The  writer  is  unable  to  see  how  this  latter  coefficient  can 
be  ascertained  with  any  accuracy  by  any  independent  method,  and  he 
desires  to  emphasize  the  importance  of  determining  the  coefficients, 
/  and  h,  from  the  same  sets  of  observations  as  illustrated  in 
the  foregoing.  In  this  way,  and  in  this  way  only  (as  far  as  one  sees), 
will  the  conditions  correspond  exactly  to  those  in  an  actual  filling 
behind  a  wall,  or  in  a  mass  of  earth,  or  a  bank  of  any  character. 

In  conclusion,  it  may  be  added  pertinently,  that  the  Society  is 
extremely  fortunate  in  having  a  highly  trained  body  of  scientists,  like 
those  connected  with  the  TJ.  S.  Bureau  of  Standards,  to  undertake  this 
exceedingly  difficult  subject  of  pressures  in  earth.  It  is  needless  to  say 
that  the  writer  is  much  gratified  at  their  quick  response  to  his  call  for 
extensive  experimenting  along  the  lines  indicated  in  the  paper. 

The  writer  has  read  the  discussion  by  Mr,  Goodrich  and  has  also 
reread  the  account  of  Mr.  Goodrich's  experimenting  referred  to,*  and 
fully  appreciates  his  efforts  to  advance  our  knowledge  of  the  subject  of 
earth  pressure. '  He  believes,  however,  that  a  satisfactory  theory  for 
ordinary  earth  must  include  the  influence  of  cohesion,  and  that  the 
discordant  results  found  by  Mr.  Goodrich  with  different  sorts  of 
apparatus  may  be  harmonized  when  cohesion  and  all  other  modifying 
influences  are  considered. 

Thus,  in  Fig.  39  of  Mr.  Goodrich's  paper  (reproduced  herein  as 
Fig.  5),  showing  one  box,  with  open  top  and  bottom,  on  top  of  another 
with  open  top  and  closed  bottom,  both  boxes  being  filled  with  earth,  on 
top  of  which  is  a  weight,  it  is  seen  that  much  of  this  weight  is  trans- 
ferred by  friction  and  cohesion  to  the  sides  of  this  upper  box.  If  no 
weight  is  supposed,  still,  quite  a  percentage  of  the  weight  of  earth  in 
the  upper  box  is  carried  by  its  sides.     In  fact,  Leygue  found,!  for  a 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LIU  (1904),  p.  272. 

t  See   the   writer's   paper  on    "Experiments   on   Retaining   Walls",    Transactions, 
Am.   Soc.  C.  E.,  Vol.  LXXII    (1911),  p.   414. 
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box  without  a  bottom,  about  4  in.  square  in  model  for  determination  of 
cross-section  and  4  in.  high,  for  heights  of  coefficient  of  internal 
sand  in  the  box  varying  from  1.2  to  3.5  in., 
that  from  0.21  to  0.35  of  the  weight  of  sand 
in  the  box  was  transferred  to  the  sides  of 
the  box.  The  case  is  analogous  to  that  of 
the  bin  filled  with  sand,  as  to  which,  hun- 
dreds of  experiments  have  shown  that  a  part 
of  the  weight  of  the  contained  material  is 
carried  by  the  sides,  and  this  proportion  be- 
comes very  large  for  deep  bins  filled  to  the 
top.  In  such  cases,  the  weight  of  earth  with 
its  load  (if  any)  causes  a  lateral  thrust 
which  induces  the  friction  on  the  walls, 
and  this,  with  the  cohesion  there  (if  any), 
gives    the   total   vertical    component    of    the  ^^^'  ^' 

reaction  of  the  walls.     The  arching  effect  of  grain  in  glass  bins  has 
been  observed  by  Mr.  Ketchum.* 

Now,  recurring  to  the  apparatus,  Fig.  5,  the  weight  transferred  to 
the  sides  of  the  upper  box,  does  not  seem  to  have  been  considered  by 
Mr.  Goodrich,  which  invalidates  his  conclusions,  so  far  as  they  refer 
to  the  experiments  performed  with  this  apparatus. 

Another  source  of  inaccuracy  in  any  device  of  this  kind  (as  in  the 
cylinder  used  by  Mr.  Bell),  where  the  upper  box  rests  on  the  lower,  is 
ill  the  friction  exerted  between  the  two  boxes  where  they  are  in  con- 
tact, when  motion  is  impending  from  the  horizontal  force  applied. 
^Vhere  an  appreciable  proportion  of  the  weight  of  earth  and  load  is 
carried  by  the  sides  of  the  upper  box,  this  friction  may  be  quite  appre- 
ciable, and  should  not  be  ignored,  as  is  usually  done. 

The  fact  that  plastic  clay  acts  somewhat  like  a  viscous  substance, 
as  stated  by  Mr.  Goodrich,  suggests  the  use  of  the  rotating  disk  men- 
tioned above  to  meet  the  difiiculty.  There  are  drawbacks  in  the  case 
of  the  plaques.  Fig.  1,  the  rotating  disk,  or  the  boxes,  Fig.  5,  which 
have  been  pointed  out,  and  it  is  to  be  hoped  that  some  inventor  will 
improve  upon  all  three. 

Mr.  Goodrich  states,  with  reference  to  the  cigar  boxes  (respectively 
3  and  5  in.  deep)  filled  with  sand,  that  when  the  boxes  "were  reversed 
in  position,  the  angle  of  tilt  at  which  sliding  took  place  differed". 
This  is  evidently  because  the  weight  of  sand  carried  by  the  sides  of  the 
top  box  was  different  in  the  two  cases,  exactly  as  in  the  case  of  the 
Leygue  experiments  previously  cited. 

There  can  be  no  objection  to  the  use  of  the  term  "internal  fric- 
tion", if  it  is  intended  to  mean  friction,  pure  and  simple,  as  exerted 

*  Ketchum's  "Walls  and  Bins",  p,  323. 
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Mr.  in  the  interior  of  a  solid  or  earth  mass.  It  is  used  in  that  sense  by 
'  Professor  Basquin  in  his  notable  paper  on  the  "Theory  of  Internal 
Friction",  and  the  writer  has  used  it  in  that  sense  in  his  paper  on 
"Experiments  on  Retaining  Walls".*  The  close  agreement  found  by 
Professor  Basquin  in  the  observed  and  computed  values  of  the  angle 
of  rupture,  given  in  the  table  quoted,  goes  far  to  prove  that  friction 
and  pure  shear  (corresponding  to  cohesion,  as  previously  defined)  are 
exerted  at  the  same  time  in  the  materials  tested.  To  that  extent,  it 
verifies  Coulomb's  two  laws.  In  these  experiments,  the  friction  is 
simply  proportional  to  the  normal  pressure,  and  the  pure  shear  (or 
cohesion)  varies  only  with  the  area  of  sliding.  The  total  shearing 
force  exerted,  sufficient  to  cause  rupture,  equals  the  sum  of  the  two 
resistances. 

Now,  unfortunately,  Mr.  Goodrich  does  not  seem  to  entertain  this 
view  of  "internal  friction",  when  earth  pressure  is  in  question,  but 
appears  to  consider  it  as  covering  sufficiently  both  friction  and  cohe- 
sion. Thus  he  says,  where  the  laws  of  variation  (of  cohesion  and 
friction)  are  practically  indentical,  "there  appears  to  be  no  practical 
reason  for  not  using  a  single  element  to  include  both  factors  and 
including  both  in  a  common  term."  Again,  he  states  that  the  separa- 
tion "between  sliding  friction  and  cohesion  is  probably  unnecessary", 
and,  referring  to  "internal  friction",  "that  a  knowledge  with  regard  to 
this  will  make  possible  a  fairly  accurate  analysis  of  earth  pressures". 

The  writer  feels  sure  that  if  Mr.  Goodrich  will  study  Figs.  2  and  3 
and  read  the  comments  thereon,  he  will  change  his  views.  The  theories 
of  coherent  and  non-coherent  earth,  differ  very  widely  in  their  results 
when  the  cohesion  factor  is  large.f  Thus,  if  the  surface  of  the  earth 
is  horizontal,  the  unit  horizontal  thrust,  q,  on  a  vertical  plane  in  an 
indefinite  mass  of  earth,  subjected  to  no  external  forces  but  its  own 
weight,  is, 

1  —  sin.  (f>  cos.  (p 

a    —    P 2    A:   :; ; 

1  -f  sm.  0  1  +  sin.  <p 

=  tan.    (45°  -  f)   [p  tan.    (45°  -  ^)  -  2  ^J, 

where  p  is  the  vertical  unit  pressure  acting  on  a  horizontal  plane  at 
the  depth,  x,  considered,  so  that,  p  =  w  x,  if  w  is  the  weight  of  the 
earth  per  cubic  unit.  The  symbols,  h  and  </>,  have  the  meanings 
previously  given.  The  formula  does  not  apply  when  q  is  negative. 
For  this  upper  portion  of  the  plane,  there  is  no  pressure  exerted. 

This  formula  does  not  apply  exactly  for  pressures  against  a  rough 
ve-tical  retaining  wall  or  the  vertical  wall  of  a  rough  cylinder  in  which 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXII   (1911). 

t  The  theory   of   coherent  earth   is   given   in   full   in  the  writer's   recent   book  on 
"Earth  Pressure,  W^alls  and  Bins",  from  which  the  formula  is  quoted,  p.  182. 
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earth  is  subjected  to  a  vertical  unit  pressure,  p;  and  neither  does  the  Mr 
Kankine  forniuhi  (deduced  from  it  by  makinp:  k  =  0)  apply  exactly ;  ^^'°' 
but,  suppose  earth  placed  in  Mr.  Goodrich's  cylinder,  with  the  electric 
buzzer,  etc.,  and  that  tlie  walls  are  very,  very  smooth,  so  that  the  fric- 
tion there  is  very  small  and  the  pressure,  p,  is  applied.  Then  the  fore- 
going formula  would  apply  approximately;  but  certainly  the  Rankine 
farnuila  does  not  apjily  when  k  is  not  zero,  and  any  conclusions  drawn 
from  it  are  unwarranted.  Thus,  the  angle  of  friction  cannot  be  found 
by  using  Eankine's  formula ;  the  formula  for  coherent  earth  alone 
applies.  On  substituting  several  simultaneous  experimental  values  of 
p  and  q  in  this  formula,  the  values  of  <^  and  k  can  be  obtained  from 
it  by  trial  for  the  earth  experimented  on,  but  the  graphical  method 
used  by  Professor  Basquin  in  the  paper  previously  referred  to,*  as 
shown  in  Fig.  36  of  that  paper,  effects  the  solution  more  readily.  In 
this  figure,  the  ordinate  at  0  to  the  line  of  slip,  AB,  measures  the 
cohesion,  as  defined  in  this  paper.  For  the  bank  sand  experimented 
on  by  Mr.  Goodrich,  the  cohesion  thus  found  is  500  lb.  per  sq.  ft.,  the 
angle  of  friction  being  <^  =  32  degrees.  It  is  seen,  from  the  high 
^  alue  of  the  coefficient  of  cohesion,  that  the  Rankine  formula  is  entirely 
inapplicable. 

If  the  walls  of  the  cylinder  are  rough,  a  certain  amount  of  arching 
of  the  material  is  experienced,  the  pressure  transmitted  downward  is 
not  uniform,  and  even  the  formula  for  coherent  earth  does  not  exactly 
apply. 

It  may  be  inferred  from  the  foregoing  that  the  writer  is  somewhat 
pessimistic  as  to  the  use  of  gauges  in  small  confined  spaces  to  reach 
accurate  results  in  estimating  earth  pressures;  still,  he  hopes  that  the 
Special  Committee  on  the  Bearing  Value  of  Soils  wall  give  the  method 
a  fair  trial,  and  will  succeed  in  overcoming  the  difficulties  referred  to. 
If  such  tests  could  be  supplemented  with  experiments  on  retaining 
walls,  or  frames,  6  to  10  ft.  high,  backed  by  earth  at  the  limit  of 
stability,  the  results  would  be  more  convincing. 

Electrical  engineers  state  that  there  are  difficulties  in  the  way  of 
measuring  earth  pressure  by  electrical  means.  If  such  difficulties  could 
ever  be  overcome,  it  would  afford  an  ideal  method  of  finding  the  lateral 
Ijressure  at  any  depth  in  a  mass  of  earth  or  against  a  wall. 

The  writer  trusts  that  the  paper  and  discussions  have  shown  fully 
the  need  for  extensive  experimentation  to  determine  the  coefficients  of 
friction  and  cohesion  in  every  kind  of  earth. 

His  thanks  are  especially  due  to  the  gentlemen  who  have  so  kindly 
engaged  in  the  discussion. 


*  Journal,  Western  Soc.  of  Eng.,  Vol.  XVII,  No.  9   (November,  1912),  p.  840. 
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A.  B.  Lueder4  M.  Am.  Soc.  C.  E.,  and  W.  J.  R.  ■Wilson,§  Esq.  (by     Messrs. 
letter). II — The  writers  are  much  gratified  by  the  interest  and  apprecia-     wiison. 
tion  with  which  this  paper  has  been  received  and  by  the  discussions. 
They  do  not  concur  with  some  ideas  brought  out  by  the  discussion 
which  do  not  concern  street  supports  directly. 

Referring  to  Mr.  Moulton's  remarks,  the  writers  are  pleased  with 
his  general  approval  of  the  paper  and  interested  in  the  point  of  view 
of  a  mining  man,  although  they  believe  that  the  general  practice  of 
excavating  rock  in  a  mine  is  not  applicable  to  subway  excavation. 
The  paper  was  presented  in  order  to  illustrate  a  method  of  street  sup- 
port which  had  been  used  successfully  and  had  fulfilled  the  conditions 
which  it  was  designed  to  meet.  The  writers  stated  expressly  that  this 
system  was  not  designed  to  take  care  of  possible  slides  in  the  side, 
but  so  that  the  street  supports  would  not  be  endangered  by  a  side 
slide  or  by  blasting.  On  Section  13  side  slides  were  not  always  taken 
care  of  as  it  is  believed  they  should  have  been,  but  every  effort  was 
made  to  eliminate  them  by  careful  supervision  of  the  timbering  and 
blasting.  Their  danger  was  minimized  by  carrying  the  underpinning 
to  solid  rock  which  had  no  tendency  to  slide,  or  by  cantilevering  the 
buildings  off  rock  which  was  likely  to  slide,  while  depending  on  the 
tower  supports  in  the  center  of  the  cut  and  the  continuous  beams  to 
support  the  street. 

*  Discussion  of  the  paper  by   A.   B.    Lueder,   M.  Ajn.   Soc.   C.   E.,   and   W.   J.   R. 
Wilson,    Esq.,    continued   from   April,    1916,   Proceedings. 
t  Authors'  closure. 
t  Morristown,  N.  J. 
§  Brooklyn,  N.  Y. 
II  Received  by  the  Secretary,   May  16th,   1916. 
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Messrs.  The  writers  think  that  the  question  of  extensive  side  slides  should 

Wilson,  be  considered  in  the  design  of  the  permanent  work.  They  believe 
that,  as  a  prime  consideration  of  design,  the  street  supports  should 
be  made  safe.  Any  system  of  street  support  which  depends  on  the 
stability  of  rock  in  the  sides  presents  a  great  element  of  danger.  Trans- 
verse supports  cannot  be  put  in  until  excavation  is  made.  If  such 
supports  were  used,  the  same  street  loads  (in  such  a  case  as  on 
Section  13  with  a  transverse  width  of  60  ft.)  would  have  to  be  carried 
on  longer  spans  than  if  the  spans  were  longitudinal.  The  supports  on 
the  unstable  sides  of  the  cut  would  be  unsafe,  but  those  actually 
used  rested  on  the  bottom  in  the  center  of  the  cut,  and  were  obvi- 
ously on  safe  rock.  Where  the  cut  was  narrow,  transverse  supports 
were  used,  but  the  street  was  still  supported  on  continuous  longitudinal 
beams. 

The  question  of  side  slides  and  the  danger  therefrom  will  always 
be  pertinent  to  the  subject  of  subway  excavation  in  New  York  City, 
but  it  would  seem  to  be  good  practice  to  take  the  street  support  design 
out  of  the  realm  of  this  danger,  and  the  writers  treated  the  subject 
in  this  way.  The  extensive  side  slide  which  would  bring  danger  to 
the  system,  as  used  on  Section  13,  would  carry  away  with  it  buildings 
and  any  transverse  system  possible  on  that  section.  A  fairly  large 
side  slide  that  did  occur  left  the  street  supporting  system  unaifected. 
In  a  wide  cut,  such  as  on  Section  13,  the  houses  are  practically  on  the 
edge  of  the  cut;  they  will  be  in  danger  before  any  system  of  timbering 
can  be  put  in,  and  necessarily  must  be  taken  care  of  first.  This  was 
done  by  underpinning  carried  to  rock  which  investigation  showed  to 
be  sound  and  without  seams.  This  method  of  underpinning  is  expen- 
sive to  the  city,  and  any  method  of  permanent  construction  which 
would  guarantee  safety  of  all  side-walls  would  eliminate  much  of  the 
underpinning  cost. 

There  seems  to  be  no  pertinency  in  Mr.  Moulton's  suggestions  as 
to  the  use  of  a  mining  system  in  which  the  lower  part  of  the  face  is 
kept  in  advance  of  the  upper  part.  This  would  do  in  a  tunnel,  but 
not  when  there  is  a  street  overhead.  It  is  generally  agreed  by  ex- 
perienced engineers  that  the  open  quarry  method  is,  on  the  whole,  the 
cheapest  yet  devised  for  rock  cuts,  and  ideal  subway  excavation  ap- 
proaches that  method.  The  writers  believe  that  in  the  present  system 
of  subway  building,  the  design  of  the  permanent  work  and  the  shor- 
ing methods  used  by  the  contractors  do  not  provide  thoroughly  against 
the  wholesale  side-slide  danger  referred  to  in  the  discussions.  They 
think,  however,  that  under  the  present  method  of  bidding,  the  con- 
tractor is  not  justified  in  providing  for  such  a  contingency.  Luckily, 
there  has  not  yet  been  such  a  slide,  but  any  engineer  who  has  actually 
supervised  subway  construction  in  deep  rock  cuts  in  New  York  City 
realizes  that  there  is  a  possibility  that  it  will  occiir.     If  it  does,  it 
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will  certainly  mean  the  destruction  of  buildings  and  probably  great  Messrs. 
loss  of  life.  There  would  follow  investigations  and  undoubtedly  wilson. 
mandatory  legislation  compelling  the  supervising  authorities  to  adopt 
measures  for  absolute  safety.  If  such  measures  were  framed  by 
lawyers  and  politicians,  it  might  greatly  increase  the  cost  of  subway 
building.  The  contractor  cannot  be  expected,  as  before  stated,  to 
adopt  a  fixed  system  of  supporting  the  side  rock,  whether  or  not  it 
appears  to  be  dangerous,  and  no  amount  of  supervision  will  stop  a 
slide,  or  always  foresee  it;  but  the  writers  believe  that  the  design  of 
permanent  work  can  be  modified  so  that  it  can  be  made  to  take  care 
of  any  possibility  of  an  extensive  slide,  and  at  the  same  time  give  the 
contractor  ample  opportunity  to  use  up-to-date  methods  for  fast  ex- 
cavation and  construction. 

The  City,  of  course,  pays  for  the  design  and  the  erection  of  the 
contractor's  temporary  supports,  and  also  for  the  final  permanent  con- 
struction. There  seems  to  be  no  reason  why  a  permanent  design 
should  not  provide  more  flexibility  and,  to  a  large  extent,  be  made  to 
take  the  place  of  a  contractor's  temporary  system.  By  being  designed 
beforehand  and  bid  on  as  part  of  the  contract,  it  would  provide  safety 
to  the  public. 

The  writers  admit  that  the  contractor's  loads  are  heavy,  but  they 
are  under  his  control,  and  they  certainly  do  not  overrun  red  flags. 
Mr.  Moulton's  reference  to  excavation  in  pits— which  is  a  soft  ground 
proposition — would  not  apply  of  course  to  a  rock  section.  In  subway 
work  workmen  are  trained  in  their  especial  trades  as  blasters,  car- 
penters, etc.,  and  it  is  the  man  who  uses  them  who  needs  to  be  experi- 
enced. As  has  been  stated,  the  writers  do  not  consider  it  a  safe  system 
to  allow  workmen  to  build  up  a  patch-work  design;  it  should  not 
be  changeable  at  their  whims. 

Referring  to  Mr.  Fiesel's  remarks,  that  a  comprehensive  design  of 
temporary  roadway  supports  would  add  enormously  to  the  cost  of  the 
permanent  structure,  does  not  the  present  form  of  contract  pay  the 
contractor  for  just  such  a  design,  and  is  it  not  the  office  of  the  Public 
Service  Commission  to  see  that  he  uses  a  safe  design?  In  their  ex- 
perience with  the  Public  Service  Commission  the  writers  certainly 
found  no  desire  to  allow  a  contractor  to  make  money  at  the  expense 
of  public  safety.  The  point  is,  though,  and  to  that  extent  the  writers 
thoroughly  agree  with  Mr.  Fiesel,  that  the  City  will  have  to  pay  a 
great  deal  more  for  its  subway  construction,  if  it  has  to  pay  for  doing 
the  same  thing  twice.  That  is  one  reason  they  advocate  the  inclusion, 
in  the  design  of  the  permanent  work,  of  features  enabling  it  to  fulfill 
for  the  contractor  the  purpose  of  a  thoroughly  safe  side-wall  and 
street-supporting  system  on  which  to  bid.  The  writers  do  not  intend 
to  say  that  the  City  should  design  an  elaborate  temporary  structure 
for  the  contractor,  apart  and  separate  from  the  design  of  the  permanent 
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Messrs.  work.  They  had  in  mind  a  method  of  construction  which  might  have 
Wilson,  been  used  on  Section  13,  which  would  have  provided  against  the 
danger  of  side  slides,  and  have  also  largely  answered  the  purpose  of 
the  street-supporting  system  used.  This  scheme,  however,  would  have 
had  to  be  part  of  the  permanent  work;  the  contractor  could  not  use 
it  separately.  If,  though,  it  had  been  part  of  the  contract,  it  would 
have  eliminated  completely  any  chance  of  large  scale  disaster  due  to 
the  erection  of  an  imperfect  temporary  system  by  a  contractor.  The 
paper  did  not  bring  out  very  clearly  the  exact  idea  of  the  writers  in 
advocating  pre-designed  street  supports.  They  agree,  to  a  certain 
extent,  with  those  who  discussed  it,  in  believing  that  it  would  not 
be  advisable  to  have  a  rigid  system  of  temporary  shoring  designed 
by  the  Public  Service  Commission  and  incorporated  in  the  contract. 
The  public,  however,  should  be  secured  by  the  design  on  which  the 
contractor  bids,  as  brought  out  by  Mr.  O'Brien.  There  is  no  question 
in  the  mind  of  any  engineer  experienced  in  subway  rock  work  that 
there  is  a  possible  danger  from  an  extensive  rock  slide,  as  referred 
to  by  Messrs.  Moulton  and  Collier. 

It  is  believed  that  the  present  permanent  design  of  the  subway  can 
be  modified  so  that  it  will  provide  against  any  large  side  slide,  take  the 
place  of  much  of  the  contractor's  present  temporary  system,  and  yet 
not  add  to  the  cost  of  the  work  to  the  City.  With  such  a  design,  the 
permanent  work  will  cost  probably  more  for  the  materials  used,  but 
it  will  insure  safety,  and  will  make  excavation  and  underpinning  costs 
much  less.  Every  contractor  then  would  be  able  to  figure  more  closely, 
and  would  have  to  figure  on  doing  the  work  safely,  because  the  design 
would  provide  for  his  doing  so,  and  it  would  also  provide  ample  lee- 
way for  ingenuity  in  the  methods  used  and  leave  him  free  in  his 
own  sphere. 

Mr.  Collier's  reference  to  payment  for  excavation  beyond  the  neat 
lines  for  rock  and  concrete  will  interest  all  contractors. 
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Joseph  W.  Ellms,:}:  M.  Am.  Soc.  C.  E.,  and  John  S.  Gettrust,§  Messrs. 
Esq.   (by  letter). || — The  writers  are  gratified  that  this  paper  has  been      an™^ 
so  well  discussed,  and  that  it  has  brought  forth  so  much  valuable  and  Cfettrust. 
hitherto   unpublished  information.     Certain   features  of  filter   design 
not   directly   related   to   the   subject   matter   of   the   paper   have  been 
brought  into  the  discussion,  and  have  served  to  heighten  its  interest. 
The   close   relationship   between   type   of   strainer   system,   method   of 
agitation,  and  character  of  filter  bed  is  evident  from  a  careful  reading 
of  the  experimental  data  submitted. 

Mr.  Fuller's  experience  with  breaking  strainer  plates  and  hook- 
bolts,  coupled  with  the  writers'  .experience  in  the  breaking  of  hook- 
bolts,  would  appear  to  indicate  that,  in  the  design  of  this  type  of 
strainer  system,  too  little  attention  has  been  paid  to  the  stresses 
created  by  the  upward  flow  of  the  wash-water,  and  especially  to  those 
stresses  developed  at  the  instant  of  opening  the  wash-water  valve. 

Mr.  Manahan  seems  to  be  of  the  opinion  that  the  wearing  away 
of  the  brass  wire-cloth,  by  the  movement  of  the  sand  particles  through 
it,  had  as  much  to  do  with  its  deterioration  as  did  corrosion.  It  is 
probably  true  that  the  location  of  the  screen  subjected  it  to  consider- 

*  Discussion  of  the  paper  by  Joseph  W.  Ellms,  M.  Am.  Soc.  C.  E.,  and  John  S. 
Gettrust,   Esq.,   continued   from   May,    1916,   Proceedings. 
t  Author's  closure. 
%  Cincinnati,    Ohio. 
§  Kent,  Ohio. 
II  Received  by  the  Secretary,  July  3d,  1916. 
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Messrs.  able  erosion,  and  to  some  strain  produced  by  the  pressure  of  the  wash- 
and  water  on  those  portions  of  the  cloth  where  the  meshes  had  become 
Gettrust.  clogged  gradually  by  the  lodgment  of  fine  particles  of  gravel  in  them; 
but  it  is  the  writers'  belief  that  actual  solution  of  the  zinc  and  copper 
of  the  brass  by  the  water  passing  through  the  screen  had  more  to  do 
with  its  destruction  than  the  mechanical  agencies.  A  close  examina- 
tion of  the  wire-cloth  indicates  a  change  in  the  character  of  the 
alloy.  It  is  true  that  some  corrosion  of  the  strainer  plates  themselves 
has  taken  place,  but,  as  they  are  of  much  heavier  metal,  and  as  they 
are  not  subjected  to  mechanical  abrasion  in  any  way,  their  life  has 
not  been  affected  materially. 

The  greater  latitude  permissible  in  specifications  for  filter  sand 
which  is  to  be  subjected  to  high-velocity  washing  seems  to  be  the 
opinion  of  both  Mr.  Stephenson  and  Mr.  Barbour.  Mr.  Barbour's 
method  of  specifying  sand  for  the  Akron  filter  plant  seems  to  the 
writers  a  most  sensible  one,  and  worthy  of  general  adoption. 

The  valuable  data  submitted  by  Messrs.  Willcomb,  Barbour,  Pirnie, 
and  Armstrong  are  in  accord  with  the  information  secured  by  the 
writers,  and  in  general  their  conclusions  are  the  same.  Mr.  Pirnie's 
conclusion:  "If  a  filter  can  be  constructed  so  that  the  wash- water  has 
a  uniform  velocity  when  it  passes  from  the  gravel  into  the  sand,  there 
will  be  no  tendency  of  the  gravel  and  sand  to  mix",  is  sound,  and  sums 
up  concisely  the  desirable  condition  to  be  attained.  His  further 
deduction,  that  all  ridges  are  useless,  the  writers  are  inclined  to 
believe  is  correct.  All  the  dispersion  effects,  which  would  contribute 
toward  destroying  jet  action  from  the  strainers,  may  be  obtained  by 
directing  the  discharge  from  the  strainers  toward  the  bottom  or  floor 
of  the  tank,  and  by  a  sufficient  depth  of  properly  graded  gravel  over 
the  strainer  system.  In  the  Wheeler  bottom,  as  described  by  Mr. 
Barbour,  we  have  as  complete  a  destruction  of  the  jet  action  of  the 
wash-water,  when  the  jet  is  directed  upward,  as  has  as  yet  been  de- 
signed. How  the  rather  broad  ridges — necessitated  by  the  construc- 
tion of  the  inverted  pyramids  which  hold  the  balls — will  affect  the 
effectiveness  of  washing  in  the  section  immediately  above  them  is 
worth  observing  in  filter  plants  using  a  bottom  of  this  type. 

Mr.  Armstrong's  experiments  are  of  particular  interest  in  showing 
the  stability  of  the  gravel  layer  under  very  high  rates  of  washing. 
These  rates  are  much  higher  than  would  ever  be  required  in  practice. 

Messrs.  Willcomb,  Pirnie,  and  Johnson  advance  some  reasons  for 
favoring  the  use  of  an  air-wash,  and  seem  to  think  that  it  will  meet 
certain  conditions  better  than  a  high-velocity  wash.  Mr.  Pirnie  seems 
to  think  that  the  escaping  air  will  break  up  lumps  that  form  on  the 
surface  of  the  sand,  which  a  high-velocity  wash  will  not  do.  Mr. 
Johnson  contends  that  some  form  of  scrubbing  action  should  precede 
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the  application  of  the  wash-water,  and  that  the  escape  of  the  air  will   Messrs. 
do  much  toward  preventing  the  formation  of  mud  balls.  and 

The  writers'  observations  on  agitation  with  compressed  air  are  "^"'^^*- 
not  in  accord  with  these  conclusions,  and  though  admitting  that  the 
escape  of  air  from  a  filter  bed  covered  with  a  layer  of  water  seems 
to  produce  an  agitation  of  the  sand  particles,  there  is  in  reality  no 
movement  of  them,  or  at  the  most  only  a  very  slight  movement  of 
the  very  finest  particles  at  the  surface.  Any  deposited  colloidal  coating 
on  the  sand,  of  course,  will  be  broken,  and  will  be  projected  in  part 
into  the  overlying  water;  but  the  same  effect  is  also  produced  by 
the  rising  currents  of  wash-water  as  they  leave  the  channels  between 
the  sand  grains,  break  through  the  colloidal  coating  on  the  surface, 
and  enter  the  main  body  of  the  water  above  the  sand.  Scrubbing  or 
the  rubbing  of  the  particles  against  each  other  does  not  take  place 
when  air  is  forced  into  the  bed  in  the  usual  way  prior  to  the  appli- 
cation of  the  wash-water. 

The  rubbing  of  the  sand  particles  against  each  other  does  take 
place,  however,  when  the  bed  is  floated  by  the  high-velocity  method 
of  washing.  In  fact,  the  chief  reason  for  adopting  that  method  in 
the  design  of  the  Cincinnati  filtration  plant  was,  that  the  earlier 
experiments,  made  by  one  of  the  writers,  showed  that  this  method 
produced  this  scrubbing  effect,  and  in  a  measure  reproduced  the  action 
of  mechanical  rakes. 

The  formation  of  mud  balls  in  filter  beds,  and  the  adhesion  of 
the  dirty  sand  to  the  sides  of  the  tanks  were  common  enough  phe- 
nomena before  the  high-velocity  method  of  washing  was  developed, 
and,  consequently,  their  occurrence  in  filters  cannot  be  charged  to 
this  particular  method  of  washing.  Mud  balls  in  the  sand,  or  mud 
banks  on  the  sides  of  the  tanks,  or  hard  areas  in  the  sand  bed,  are 
due  to  an  insufficient  quantity  of  wash-water,  or  to  none  at  all  in  the 
spots  affected.  This  condition  may  arise  from  the  improper  distribu- 
tion of  the  wash-water,  which  must  be  due  primarily  to  the  type  of 
strainer  system  used,  and  to  the  manner  in  which  the  rising  wash- 
water  is  distributed  after  leaving  the  strainer  openings.  If  forcing 
compressed  air  into  the  sand  bed  has  any  agitating  effect  at  all  on 
the  coated  sand  grains  that  lay  at  or  near  the  surface — as  some  appear 
to  believe,  but  which  the  writers  have  failed  to  detect — it  is  undoubt- 
edly true  that  the  application  of  wash-water  at  a  rate  sufficient  to 
float  the  sand  bed  effects  a  very  much  greater  scrubbing  action  of 
the  sand  grains,  and  all  are  agreed  that  this  is  the  desirable  effect 
to  be  produced  by  any  method  of  agitation  that  may  be  used. 
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Clement  E.  Chase,:}:  Jun.  Am.  Soc.  C.  E.  (by  letter). §— Mr.  Prich-  Mr. 
ard's  long  experience  with  the  practical  manipulation  and  use  of  iron 
and  steel,  and  his  very  thorough  knowledge  of  the  results  and  sig- 
nificance of  past  tests  on  these  metals,  have  given  him  an  luiusual 
insight  into  their  nature.  It  is  because  steel  is  the  most  important 
engineering  material  of  construction  and  because  this  paper  deals  with 
the  fundamentals  governing  its  behavior  in  use,  that  it  is  so  valuable 
a  contribution.  There  is  a  great  multiplication  of  tests  in  these  days, 
but  too  often  they  only  serve  to  pile  up  a  mass  of  loosely  connected, 
superficial  data.  Lacking  a  framework  of  sound  theory  to  which  to 
adjust  the  test  data,  much  of  the  value  must  be  wasted.  Long  before 
the  entire  truth  is  known  (if  it  ever  is)  about  any  subject,  it  is  possible 
to  establish  a  working  theory,  in  the  light  of  which  the  results  of  each 
experimentation  should  be  examined  and  the  theory  added  to, 
strengthened,  or  modified  accordingly. 

The  theory  underlying  heat  action  on  metals  is  in  common  use  in 
America  to  check  and  explain  in  this  way  the  results  of  all  heat 
treatments,  but,  to  the  writer's  knowledge,  this  is  practically  the  first 
reference  in  American  engineering  literature  to  the  theory  of  strain 
action,  or  what  is  called  the  "mechanism  of  plastic  deformation."  The 
importance  of  this  theory  to  the  engineer  can  hardly  be  over-estimated. 
Its  development  was  due  mostly  to  a  small  group  of  English  physicists, 

•  Discussion  of  the  paper  by  Henry   S.  Prichard,   M.   Am.   Soc.  C.   E.,   continued 
from  May,  1916,  Proceedings. 
t  Author's  closure. 
t  Pittsburgh,   Pa. 
§  Received  by  the  Secretary,  May  9th,  1916. 
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Mr.     Sir  Alfred  Ewing,  Rosenhain,  Humfrey,  and  Beilby,  whose  work  in 


Chase 


this  line  has  only  lately  begun  to  be  appreciated  at  its  true  worth. 
Their  investigations  led  them  into  a  hitherto  unknown  field — on 
the  borderland  between  pure  science  and  practical  engineering— opened 
up  by  the  application  of  the  microscope  to  the  examination  of  metallic 
structure.  The  first  paper  by  Ewing  and  Kosenhain,  announcing  the 
discovery  of  the  basic  phenomena  of  the  "slip  bands"  was  published  in 
1900.*  They  then  advanced  the  proposition  that  deformation  under 
strain  took  place  by  slippage  in  each  crystalline  grain,  along  the 
cleavage  planes,  much  as  a  pack  of  cards  can  be  distorted  without 
changing  the  shape  of  the  individual  cards.  This  view  of  the 
significance  of  the  slip  bands  was  attacked  by  continental  scientists, 
and  was  defended  in  a  series  of  able  papers.f  No  one  who  reads  these 
can  help  but  have  a  feeling  of  great  admiration  for  the  resourceful- 
ness, straight-thinking,  and  experimental  skill  with  which  these  men 
proved  their  contentions  and  upheld  their  important  theory.  Dr.  Rosen- 
hain, who  is  now  Superintendent  of  the  Metallurgy  Department  of  the 
National  Physical  Laboratory  of  Great  Britain,  last  year  published  an 
excellent  book  in  which  this  work  is  summarized.:}:  Recently,  American 
metallurgists  have  devoted  some  space  in  their  books  to  the  efi'ect  of 
strain  on  structure,  and  a  new  book§  by  Professor  Henry  M.  Howe,  of 
Columbia  University,  devotes  one  of  two  parts  to  this  branch  of  the 
science  of  metallography.    In  his  preface.  Dr.  Howe  says, 

"The  usefulness  of  steel  really  results  from  its  resistance  to  deforma- 
tion and  its  power  to  endure  limited  plastic  deformation.  Hence  a 
knowledge  of  the  mechanism  of  this  deformation  and  of  the  way  in 
which  steel  in  part  resists  deformation  and  in  part  accommodates  itself 
to  it,  may  in  time  disclose  the  essence  of  its  power  of  resistance  and 
accommodation.  To  understand  this  essence  is  to  be  the  better  prepared 
to  approach  the  problem  of  fitting  the  metal  for  service,  not  empirically 
alone,  but  also  scientifically." 

In  the  writer's  opinion,  this  study  is  not  one  of  which  the  metallur- 
gists should  be  allowed  to  have  any  monopoly.  Understanding  and 
use  of  it  will  be  of  even  greater  value  to  engineers.  Mr.  Prichard 
approaches  the  matter  from  the  attitude  of  the  structural  engineer. 
Following  his  thought,  one  is  led  into  the  subject  from  the  familiar 
direction  of  physical  tests  of  metal.  The  English  metallurgists  reached 
their  conclusions  largely  from  what  they  saw  in  the  microscope. 
Mr.  Prichard  has  come  to  the  same  point  through  searching  for  the 
significance  of  engineering  test  phenomena.  It  has  been  the  writer's 
privilege  to  follow  to  some  extent  the  preparation  of  this  paper,  and 
he   regards   it   as   worthy   of   record   that   Mr.   Prichard's   theory   was 

*  Philosophical  Transactions,  Royal  Society,  Vol.  353A. 

t  Journal,  Iron  and  Steel  Institute,  1904,  No.  1,  pp.  335-390  ;  1906,  Vol.  2,  p.  189. 
t  "An    Introduction   to   the   Study    of   Physical    Metallurgy",    Van    Nostrand. 
§  "The  Metallography  of  Steel  and  Cast  Iron". 
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formulated,  practically  in  its  present  shape,  before  the  work  of  Beilby    Mr. 
on  the  mobile  and  amorphous  states  of  metal  was  known  to  him.     The      *^®' 
siprnificance  of  this  is  that  it  shows  how  thorough  study  of  the  problem 
from  either  the  engineering  test  direction  or  the  micro-metallurgical 
direction  leads  to  the  same  conclusion. 

Mr.  Prichard  states  that  the  deformation  of  metals  in  tension  and 
compression  is  in  reality  caused  by  failure  to  resist  shear.  This  con- 
clusion comes  irresistibly  from  a  study  of  the  microscopic  phenomena 
of  slippage,  which  is  essentially  a  shear  action.  It  must  also  be  the 
conclusion  of  any  one  who  has  watched  thoughtfully  the  formation  of 
the  lines,  referred  to  by  Mr.  Prichard,  on  the  mill  scale  of  tensile  tests. 
In  regard  to  these  lines,  the  writer  cannot  agree  that  they  usually  take 
a  direction  of  about  26°  34'  to  a  plane  normal  to  the  direction  of  pull. 
It  has  been  his  observation  that  this  angle  is  more  nearly  45  degrees. 
Tensile  tests  of  hooping  and  flat  steel,  however,  fracture  usually  at  an 
angle  which  is  about  26°  to  this  plane.  Mr.  Prichard's  hypothe'sis, 
on  pages  77-78,*  as  to  the  manner  in  which  the  particles  in  the  crystal- 
line grains  slip,  gives  a  simple  picture  of  the  action.  Actually,  the 
slips  in  the  grains  occur  in  any  direction,  depending  on  the  orientation 
of  the  grain  to  the  shearing  stress  and  the  location  of  the  most 
favorably  disposed  cleavage  planes,  and  in  at  least  as  many  as  three 
directions  in  the  same  grain  under  severe  overstrain. 

Fig.  3,  representing  the  necking  down  of  a  tensile  test  piece,  is 
subject  to  the  criticism  that  the  actual  necking  of  test  pieces  gives 
much  more  support  than  this  figure  does  to  the  conception  that  the 
failure  is  by  shear  in  ductile  metals.  Fig.  10  shows  the  tension  frac- 
ture of  a  test  bar  of  structural  steel.  The  necking  of  the  piece  was 
parallel  to  the  line,  S-S,  which  is  also  parallel  to  the  fracture.  This 
line  makes  an  angle  of  about  28°  40'  with  the  axis  of  the  test  piece. 
It  will  be  noted  that  slippage  occurred  along  the  line  of  fracture,  or 
the  zone  of  fracture,  to  such  an  extent  that  one-half  of  the  test  is 
displaced  xV  'n-  to  one  side.  Fractures  exactly  similar  to  this  have 
been  noted  in  full-sized  eye-bar  tests.  The  more  symmetrical  "cup" 
fractures  of  tension  bars  also  give  evidence  of  this  failure  by  shear. 

The  writer  agrees  with  Mr.  Prichard  in  what  he  says  as  to  the 
elastic  limit  and  yield  point,  and  believes  that  there  would  be  less 
confusion  surrounding  these  terms  if  there  was  more  appreciation  of 
the  significance  of  the  phenomena  of  plastic  deformation  that  this 
paper  deals  with.  We  now  have  "true"  elastic  limit,  proportional 
elastic  limit  and  yield  point — and  others.  It  seems  to  the  writer 
very  probable  that  there  is  no  "first  permanent  set"  without  a  corre- 
sponding variation  from  proportionality — and  that  the  two  limits  are,  in 
fact,  coincident.  It  is  only  the  fact  that  delicate  extensometers  can  de- 
tect slight  permanent  sets  at  a  lower  point  (often  due  to  initial  strains) 
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than  the  eye  can  determine  any  regular  breaking  away  of  the  stress- 
strain  curve,  that  gives  these  two  points  apparently  different  values. 
The  writer  believes  Mr.  Prichard  is  right  in  saying  that  it  is  only  that 
elastic  limit  which  is  at  the  beginning  of  the  general  yield  that  has  any 
real  significance.  To  indicate  the  method  of  locating  the  limit,  the 
qualifying  words,  "by  set",  or,  "by  proportionality",  might  be  used. 
Clear  light  has  been  thrown  on  the  long-debated  question  of 
"crystallization"  and  fatigue  by  the  men  to  whose  work  Mr.  Prichard 
refers  on  pages  92  and  95.*  The  misunderstanding,  between  those  who 
believe  in  "crystallization"  of  metal  in  service  and  those  who  do  not, 
is  mainly  one  of  terms.  "Crystallization"  would  have  it  that  metal 
becomes  coarsely  crystalline  under  vibration  or  long-continued  severe 


SECTION  A-A 


TENSION  FRACTURE 
OF   FLAT  BAR 

Fig.  10. 

service — and  points  to  the  fracture  of  the  metal  in  proof.  Now,  it  is 
not  true  that  metal  becomes  crystalline,  for  it  always  is  crystalline — but 
it  is  true  that  under  stresses  approaching  the  elastic  limit  if  repeated, 
or  half  that  limit  if  alternated,  an  internal  change  takes  place  in  the 
metal  that  eventually  manifests  itself  by  failure.  That  change  is  the 
development  of  internal  slips  into  internal  cracks,  and  results  finally 
in  a  sudden  snapping  of  the  metal,  with  no  showing  of  ductility,  and 
with  a  fracture  that  satisfies  the  eye  as  crystalline.  The  deterioration 
that  the  layman  insists  on  is  true,  if  not  as  easily  caused  as  he  imagines 
— the  theory  as  to  its  mechanism,  that  he  implies  in  the  term  "crystalli- 
zation", is  not  true.  No  indication  has  ever  been  found  of  any  growth 
of  the  crystal  size  of  steel  at  atmospheric  temperature.     However,  for 

•  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1916. 


Papers.]  DISCUSSION:   EFFECTS   OF   STRAINING    STEEL  991 

those  who  declare  offhand  that  the  idea  of  crystal  growth  in  cold  steel  Mr. 
is  preposterous,  there  may  be  food  for  thought  in  the  fact,  which 
Mr.  Prichard  has  mentioned,  that  in  lead  such  crystal  growth  does 
occur  under  certain  conditions  at  atmospheric  temperatures.  The 
microscope  gives  an  explanation  of  the  comparatively  coarse  size  of  the 
facets  often  fovmd  in  a  fatigue  fracture.  It  is  the  progressive  spread 
of  the  internal  cracks  in  a  plane  through  several  crystalline  grains 
while  the  deterioration  is  in  progress. 

Henry  S.  Prichard,*  M.  Am.  Soc.  C.  E.  (by  letter). f — Mr.  Chase,  ^^  Mr. 
after  describing  the  fine  achievements  of  the  English  physical  metal- 
lurgists, states: 

"In  the  writer's  opinion,  this  study  is  not  one  of  which  the  metal- 
lurgists should  be  allowed  to  have  any  monopoly.  Understanding  and 
use  of  it  will  be  of  even  greater  value  to  engineers.  Mr.  Prichard 
approaches  the  matter  from  the  attitude  of  the  structural  engineer. 
Following  his  thought,  one  is  led  into  the  subject  from  the  familiar 
direction  of  physical  tests  of  metal.  The  English  metallurgists 
reached  their  conclusions  largely  from  what  they  saw  in  the  micro- 
scope. Mr.  Prichard  has  come  to  the  same  point  through  searching 
for  the  significance  of  engineering  test  phenomena." 

In  studying  the  phenomenon  of  plastic  deformation  of  steel  and 
iron,  not  through  the  eyepiece  of  the  microscope,  but  by  applying 
mechanical  principles  to  the  ordinary  physical  tests,  the  writer  con- 
ceived of  the  flow  by  which  the  deformation  is  accomplished  as  con- 
sisting of  the  sliding  relatively  to  each  other  of  perfectly  elastic  solid 
particles  separated  by  thin  liighly  viscous  mobile  or  liquid  films. 
The  investigations  of  the  English  physical  metallurgists,  as  described 
by  Messrs.  Chase  and  Irwin,  have  led  to  precisely  this  conclusion. 
Under  refined  and  ingenious  methods  of  microscopical  research  with 
great  magnifications  the  little  masses  or  grains,  as  they  are  called, 
which  are  disclosed  by  ordinary  microscopical  examination,  are 
shown  to  be  compound,  and  have  been  resolved  into  numerous  crystal- 
line elements  which  are  in  themselves  little  crystals,  and  constitute  the 
fundamental  grains  of  the  solid  portions  of  the  metal,  which  slide 
relatively  to  each  other  during  plastic  deformation. 

As  to  the  theory  formulated  by  Mr.  Irwin,  and  attributed  by  him 
to  the  writer,  to  the  effect  that  these  aforementioned  compound  grains 
remain  perfectly  elastic  during  plastic  deformation,  the  writer  had 
not  the  slightest  intention  of  promulgating  any  such  idea;  on  the 
contrary,  it  may  be  noted,  incidentally,  that,  in  referring,  on  page 
71,X  to  what  is  seen  imder  the  microscope,  he  did  not  state  that  the 
slips  between  the  sliding  particles  appeared  as  sharply  defined  lines 

*  Pittsburgh,  Pa. 
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Mr.  between  the  grains,  but  as  sharply  defined  lines  on  the  polished  surface 
'  of  each  grain.  The  writer,  however,  was  dealing  primarily  with  the 
principles  involved  and  not  with  the  precise  inner  structure  of  the 
metal.  It  was  not  necessary,  and  he  did  not  choose,  to  complicate  the 
application  of  the  principles  by  introducing  details  of  structure;  but 
he  hoped  that  the  details  of  structure  would  be  disciassed,  and  he  is 
pleased  that  this  phase  of  the  subject  has  since  been  so  ably  handled 
by  Mr.  Irwin. 

The  current  theory  of  plastic  deformation  included  in  the  paper 
is  useful  in  explaining  the  effects  of  over-straining  iron  and.  steel, 
and  is  destined  to  become  of  service  in  guiding  the  course  of  future 
experimentation. 

The  theory,  as  Mr.  Chase  explains,  is  not  very  old,  and  has  only 
recently  been  presented  to  American  engineers.  That  there  should  be 
some  criticism  and  opposition  is  natural. 

Phases  of  the  theory  have  been  investigated  independently  from 
different  standpoints.  Writers  on  theoretical  mechanics  have  proposed 
three  theories  of  the  breakdown  of  the  elastic  resistance  of  an  isotropic 
solid,  as  follows :    . 

First. — That  the  elastic  limit  is  reached  at  a  certain  intensity  of 

direct  stress; 
Second. — That  the  elastic  limit  is  reached  at  a  certain  intensity  of 

linear  strain; 
Third. — That  the  elastic  limit  is  reached  at  a  certain  intensity  of 

shear.    This  was  proposed  by  Mr.  J.  J.  Guest,*  and  is  the  latest 

of  the  three  theories. 

Mr.  Moore  states  that  the  paper  quotes  Mr.  Hancock's  tests  as  a 
proof  of  the  maximum  shear  theory,  and  questions  whether  they  are  a 
confirmation.  The  word  "proof"  is  a  little  too  strong.  The  paper,  in 
referring  to  plastic  materials,  made  the  statement : 

"That  shear  is  the  critical  consideration  is  supported  by  experi- 
ments and  analysis  of  J.  J.  Guest,  Professor  E.  L.  Hancock,  and 
others." 

The  comparative  results  of  Hancock's  testsf  (of  steel)  are  as 
given  in  Table  8. 

After  considering  the  results  of  many  tests,  the  writer  reached  the 
conclusion,  held  by  most  authorities,  that  brittle  or  comminuible  ma- 
terials, under  simple  compressive  loads,  fail  by  shearing  on  planes  at 
certain  definite  angles  with  the  direction  of  the  load ;  and,  in  com- 
paring the  theoretical   and  the   actual  planes  on  which   slipping  oc- 

*  Phil.  Mag.,  July,  1900. 

■y  Proceedings,  Am.  Soc.  for  Testina:  Materials,  Vol.    VI,  1906,  p.  305;    and  Vol.  VII, 
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curroJ.  he  rcmonibered  that  slipping  is  resisted  by  friction  (a  feature       Mr. 
on  which  Mr.  Jonson  lays  stress,  page  533*),  and  followed  Navier's    "*^ 
analysis.f 

TABLE  8. — Percentages  which  the  Maximum  Stress,  Strain,  and 
She.vr  from  Tension  or  Compression  Combined  with  Torsion 
in  V.vRious  Proportions,  are  of  the  Maximum   Stress,   Strain, 

AND    SlIE.VR    from    TENSION    OR    COMPRESSION    Al.ONE. 

Computed  from  Hancock's  observations  at  the  elastic  limits,  on 
the  assumptions  that  these  limits  were  well  defined,  that  the  material 
for  each  set  of  tests  was  uniform,  perfectly  elastic,  isotropic,  and 
free  from  initial  stresses,  and  that  Poisson's  ratio  (which  affects  strain 
only)  was  one-third. 


Number 

of  tests 

averaged. 

Proportions  of   average    tension    or 

compression  and  average  shear 

from  torsion. 

Maximum 
stress. 
Per- 
centage. 

Ma.ximum 
strain. 

Per- 
centage. 

Maximum 
shear. 
Per- 
centage. 

Criterion  by  each  theory  for  all  cases 

100 

100 

100 

Tubes,  1  in.  outer  diameter,  -^\  to  ^  in.  thickness  (t). 


3 

4 

(f=^in.)l 
5 


(Shear -7- Tension  or  Compression)  =  0.1".2O 
do  -  0.-280 

do  =  0.610 

do  =  1.017 

do  -  1.500 

Shear  only  (from  Torsion) 


69.2 
100.8 
96.4 
99.8 
1^6.6 
111.4 


Solid  Sections. 


(Shear  h-  Teusion  or  Compression)  =  0.220 
3  do  =  0.397 

6  do  =  0.613 

2  do  =  0.942 

3  do                              =  1.880 
3  Shear  only  (from  Torsion ) 


99.2 
107.6 
124.8 
129.0 
196.8 
148.6 


The  writer  reached  the  conclusion  that  plastic  materials  under 
simple  tension  or  compression  slide  on  slippage  or  gliding  planes, 
from  a  study  of  the  phenomena  displayed  in  tests  and,  later,  from 
Sir  J.  Alfred  Ewing's  account  of  his  microscopical  examinations. 
The  conclusion  that  it  was  the  shearing  components  of  the  simple 
tension  or  compression,  acting  on  planes  of  maximum  shear  and 
uninfluenced  by  the  component  normal  to  these  planes,  was  drawn 
from  the  fact  that  the  elastic  limit  is  the  same  in  both  tension  and 
compression.  Hancock's  experiments  on  tubes  support  the  theory 
that   shear   is   critical.      His   experiments   on    solid    sections    seem   to 
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Mr.       favor   the   theory   that   stress   is   critical,   but,   in   the   writer's   judg- 


Prichard 


ment,  the  computed  results  are  much  in  error  and  untrustworthy. 
For  solid  sections,  in  such  cases,  the  elastic  limit  is  not  well  defined, 
and  this  and  other  departures  from  the  assumptions  tend  to  indicate 
stresses  and  shears  much  higher  than  the  actual. 

The  writer's  conception  of  shear  is  by  no  means  "peculiar",  as 
Mr.  Jonson  suggests.  On  the  contrary,  the  conception  of  shear,  as 
given  on  page  76,*  is  so  orthodox  that  it  can  be  found  in  any  text- 
book on  mechanics. 

It  may  be  well  at  this  point  to.  define  shear : 

"An  action  or  force  which  causes  or  tends  to  cause  two  con- 
tiguous parts  of  a  body  to  slide  relatively  to  each  other  in  a  direction 
parallel  to  their  plane  of  contact"  (Webster). 

Before  the  elastic  limit  is  reached,  shear  only  tends  to  cause 
contiguous  parts  of  a  body  to  slide  relatively  to  each  other. 

According  to  Mr.  Jonson,  flow  begins  when  the  shear  reaches  the 
elastic  limit,  and  flow  takes  place  "only  when  the  shear  exceeds  the 
elastic  limit."     This   is  in  exact  accord  with  the  paper    (page  80).* 

The  important  differences  between  Mr.  Jonson  and  the  writer 
are  in  regard  to  what  takes  place  beyond  the  elastic  limit,  and  are 
two    in   number: 

First,  the  writer  contends  that,  beyond  the  elastic  limit,  the  shear 
causes  "contiguous  parts  of  a  body  to  slide  relatively  to  each  other 
in  a  direction  parallel  to  their  plane  of  contact,"  and  that  flow  is  the 
combination  of  a  multitude  of  such  slidings  of  numerous  small  parts 
accompanied  by  such  rotations  of  the  parts  as  may  be  necessary  to 
continuity  and  alignment;  but  Mr.  Jonson  contends  that  the  "use 
of  the  words  'sliding'  and  'slipping'  in  connection  with  flow  seems 
to  be  xm.fortunate,  because  flow  is  something  entirely  different  from 
slipping.  Flow  consists  of  an  indefinitely  extended,  angular 
deformation". 

Second,  the  writer  contends  that  part  of  the  work  done  by  the 
load  after  the  elastic  limit  is  reached  consists  in  liquefying  films  of 
metal  between  the  sliding  surfaces,  or,  as  Beilby  puts  it,  conferring 
on  them  by  purely  mechanical  movement  the  "mobility  of  the  liquid 
state"   (pages  80  and  100)  ;*  Mr.  Jonson,  on  the  other  hand,  states : 

"The  author  seems  to  conceive  of  the  flow  which  takes  place  in 
ductile  metals  when  stressed  beyond  the  yield  point  as  if  it  were  due 
to  a  change  in  the  metal  from  the  solid  to  the  liquid  state.  The 
energy  required  to  bring  about  this  change  of  state  he  seems  to  regard 
as  a  part  of  the  work  done  by  the  load.  This,  however,  is  not  in 
accordance  with  the  facts.  All  the  work  done  by  the  load  previous 
to  the  beginning  of  flow  is  stored  in  the  test  piece  as  elastic  energy." 
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Mr.  Chase,  after  referring  to  the  fact  that  deformation  of  plastic       Mr. 
metals  in  tension  and  compression  is  caused  by  failure  to  resist  shear,  p™"'^*'"^- 
states : 

"This  conclusion  comes  irresistibly  from  a  study  of  the  micro- 
scopic phenomena  of  slippage,  which  is  essentially  a  shear  action.  It 
must  also  be  the  conclusion  of  any  one  who  has  watched  thoughtfully 
the  formation  of  lines,  referred  to  by  Mr.  Prichard,  on  the  mill  scale 
of  tensile  tests." 

(Incidentally,  it  may  be  stated  that  Mr.  Chase  considers  that  for 
these  lines  the  angle  of  26°  34'  to  a  plane  normal  to  the  direction  of 
pull  is  too  small.  This  angle  was  given  in  the  paper  as  a  rough 
approximation  obtained  by  averaging  the  tangents  of  0°  and  45  de- 
grees. A  slippage  plane,  at  an  angle  of  45°  with  a  plane  normal  to 
the  direction  of  the  force,  may  make  any  angle  between  0°  and  45° 
with  the  surface  of  the  test  piece.  The  writer,  since  the  paper  was 
presented,  has  computed  the  average  of  the  angles  cut  out  by  all 
possible  intersections  as  nearly  32^  degrees.) 

The  facts  discovered  by  the  "small  group  of  English  physicists", 
to  whom  the  development  of  the  theory  of  the  "Mechanism  of  plastic 
deformation"  is  mainly  due,  are  so  pertinent  that  it  may  be  well  to 
let  these  physicists  tell  the  story.  Mr.  Beilby's  account  of  what  fol- 
lowed "The  discovery  that  layers  of  a  solid  many  hundreds  of  mole- 
cules in  thickness  can  have  a  mobility  of  the  liquid  state  conferred 
on  them  by  purely  mechanical  movement"  is  quoted  in  the  paper 
(page  100).* 

Sir  J.  Alfred  Swing's  account  of  the  slips  which  take  place  within 
the  crystalline  grains  of  metal  after  the  elastic  limit  is  passed,  is 
taken  from  a  copy  of  the  1912  May  Lecture  before  the  Institute  of 
Metals  on  "The  Inner  Structure  of  Simple  Metals",  with  which  the 
author  recently  favored  the  writer.  The  photo-micrographs  referred 
to  are  reproduced  by  the  authority  of  the  Institute  of  Metals  and  Sir 
J.  Alfred  Ewing. 

"My  intention  to-night  is  first  to  remind  you  briefly  of  some  of 
the  things  that  the  microscope  has  taught  us  regarding  simple  metals, 
and  then  to  go  on  to  some  more  or  less  speculative  considerations 
based  on  that  knowledge.  I  propose  to  confine  myself  definitely  to 
simple  metals — that  is,  metals  which  behave  as  pure  metals  behave, 
leaving  untouched  the  large  and  complicated  subject  of  the  alloys. 
Alloys  present  complexities  that  would  only  distract  attention  from 
the  particular  points  which  I  wish  to  bring  before  you.  Without 
those  complexities  we  shall  find  the  matter  difficult  enough. 

"Some  apology  is  due  to  the  experts  in  the  audience  for  presenting 
facts  with  which  they  are  already  familiar,  but  probably  the  audience 
includes  some  who  are  not  experts,  and  in  any  case  it  is  convenient 
to  recapitulate  a  little  of  our  positive  knowledge  before  entering  the 
region  of  speculation. 

*  Proceedings,  Am.   Soc.  C.   E.,  for  .January,   1916. 
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Mr.  "Generally  speaking,  when  we  wish  to  apply  the  microscope  to  the 

Pnchard.  examination  of  metallic  structure,  we  begin  by  polishing  the  surface 
of  the  metal  so  as  to  remove  those  inequalities  which  would  embarrass 
the  use  of  the  microscope,  especially  at  high  powers.  As  Dr.  Beilby 
showed  in  the  admirable  May  Lecture  he  gave  last  year,  the  process 
of  polishing  itself  affects  the  constitution.  It  makes  the  metal  on  and 
near  the  surface  entirely  different  in  character  from  the  metal  within. 
It  produces,  according  to  his  view — which,  I  think,  is  now  generally 
accepted — an  amorphous  layer  in  contradistinction  to  the  crystalline 
structure  which,  as  we  shall  presently  see,  is  revealed  when  that 
amorphous  layer  is  removed.  Consequently,  what  we  have  first  to  do 
after  polishing  is  to  remove  the  superficial  layer  before  we  can  really 
see  the  normal  characteristics  of  the  structure,  and  the  usual  manner 
in  which  that  layer  is  removed  is  by  a  light  chemical  attack,  a  slight 
etching  with  an  acid  or  some  other  substance.  Occasionally,  we  may 
resort  to  other  means  of  removing  the  layer.  An  interesting  method 
which  is  sometimes  available  is  to  heat  the  metal  sufiiciently  to  make 
the  surface  layer  sublime  away. 

"When  we  lightly  etch  the  surface  of  a  metal,  what  do  we  see? 
In  general  we  see  an  appearance  such  as  is  illustrated  in  Fig.  1,  Plate 

1.  This  is  a  photomicrograph  taken  by  Dr.  Rosenhain  of  part  of  the 
surface  of  a  bar  of  Swedish  iron,  magnified  150  diameters.  A  very 
similar  appearance  is  presented  by  other  metals.  The  surface  is  seen 
to  be  composed  of  a  large  number  of  separate  grains,  irregular  both  in 
size  and  shape,  and  also  irregular  as  regards  the  character  of  the 
boundaries.  Sometimes  these  are  straight  and  sometimes  curved.  The 
shapes  of  the  grains  are  as  irregular  as  the  counties  in  a  map  of 
England;  their  boundaries  depend,  like  those  of  the  counties,  on  his- 
torical conditions,  as  we  shall  see  by  and  by. 

"Suppose  now  that  we  carry  the  etching  a  little  further  (Fig  2, 
Plate  II).  We  discover  that  the  grains  can  be  distinguished  not 
merely  by  these  irregular  boundaries.  A  difference  of  texture  begins 
to  manifest  itself  between  one  grain  and  another;  some  grains  are  very 
bright,  some  are  more  or  less  dark,  and  some  are  very  dark.  If  instead 
of  illuminating  the  surface  directly  from  above,  as  is  the  case  in  Fig. 

2,  we  throw  the  light  from  one  side,  we  discover  that  the  same  grain 
which  appears  bright  under  one  condition  of  illumination  becomes 
dark  under  another.     Compare  Fig.  3,  Plate  II,  with  Fig.  2. 

"These  are  two  photographs,  for  which  I  am  indebted  to  Dr. 
Rosenhain,  showing  the  same  part  of  the  surface  of  one  metal  under 
two  different  conditions  of  illumination.  In  Fig.  2  the  light  comes 
directly  from  above;  it  strikes  the  surface  perpendicularly,  and  is  re- 
flected up  into  the  microscope.  In  Fig.  3  the  same  grains  are  il- 
luminated by  light  coming  from  one  side.  It  will  be  observed  that 
there  is  no  difficulty  in  identifying  the  same  grains  in  both;  and  that 
grains  which  are  very  bright  under  the  first  illumination  become  dark 
tmder  the  other.  If  we  move  the  source  of  light  to  another  side,  or 
turn  the  specimen  round,  so  as  to  alter  the  direction  from  which  the 
light  falls  upon  it,  we  find  the  grains  vary  in  brightness  in  the  most 
remarkable  manner,  sometimes  flashing  out  brilliantly  and  sometimes 
becoming   almost  entirely  dark.     This   is  true  of  all  metals.     These 
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pliotngraphs  are  of  iron,  hut  wo  Hnd  gold,  silver,  copper,  lead,  and  so       Mr. 
forth,  exhihiting  precisely  the  same  general  characteristics.  Prichard. 

"Examination  of  the  etched  surface  under  a  high  power  shows  that 
this  dilference  of  texture  is  really  due  to  a  multitude  of  little  facets  or 
tiny  plane  surfaces  in  each  grain  which  are  causing  the  general  sur- 
face of  the  grain  to  rellect  light  in  a  particular  manner.  They  are 
acting  like  a  multitude  of  little  mirrors  all  facing  one  way.  These 
facets  are  parallel  in  any  one  grain,  but  have  different  inclinations  in 
the  different  grains. 

''In  Fig.  4,  Plate  III,  we  have  a  photograph  of  a  grain  of  iron,  not 
very  deeply  etched.  A  part  of  a  single  grain  occupies  nearly  all  the 
photograph  under  a  power  of  800  diameters.  You  observe  that  over 
the  grain,  here  and  there,  are  a  number  of  pits  which  are  clearly  geo- 
metrical in  form;  they  happen  to  be  nearly  square  in  this  particular 
case.  In  some  places  a  number  of  pits  have  run  together  forming  a 
black  irregular  patch,  but  in  other  places  you  can  see  the  individual 
pits  quite  clearly.     These  pits  are  formed  in  the  process  of  etching. 

"Under  more  favourable  conditions,  with  deeper  etching,  the  whole 
surface  becomes  covered  with  such  pits.  Fig.  5,  Plate  III,  is  a  photo- 
graph published  a  good  many  years  ago  by  Dr.  Stead,  which  shows 
very  clearly  what  it  is  that  gives  rise  to  what  I  have  called  the  texture 
of  the  grain.  In  the  former  example  you  had  only  isolated  pits,  but 
in  this  one  the  appearance  is  such  as  would  be  presented  if  we  were  to 
take  a  great  mass  of  brick  work  and  pick  out  the  superficial  bricks 
all  over  it,  so  as  to  reveal  the  character  of  the  structure  as  built  up  of 
brickbats.     That,  in  effect,  is  what  happens  in  the  etching  of  a  metal. 

"I  do  not  know  any  example  which  gives  a  clearer  indication  than 
this  does  of  what  causes  the  difference  of  texture  in  the  surface  of 
these  grains,  nor  one  that  indicates  more  plainly  the  real  nature  of 
their  structure,  as  developed  by  etching.  One  can  see  unmistakably 
how  the  surface  of  the  grain  consists  of  a  multitude  of  geometrically 
similar  pieces,  parallel  to  one  another,  so  that  their  corresponding 
facets  are  all  oriented  one  way.  They  are  oriented  in  different  ways 
as  we  pass  from  grain  to  grain,  but  in  any  one  grain  they  face  one 
way,  and  in  consequence  of  that  the  light  which  falls  on  the  grain  is 
reflected  in  a  perfectly  uniform  manner  over  the  whole  expanse  of  that 
grain,  although  it  is  reflected  in  a  very  different  manner  from  the 
surface  of  any  other  grain.  Over  each  grain  the  brightness  is  uniform, 
because  the  little  surfaces  are  acting  equally  as  regards  the  reflection 
of  light. 

"From  this  it  is  an  easy  step  to  infer  that  throughout  the  whole 
volume  of  any  one  grain  there  is  an  assemblage  of  pieces,  which  we 
may  think  of  as  the  ''brickbats"  or  structural  units  that  build  up  the 
grain,  all  facing  one  way  in  the  one  grain,  but  facing  different  ways 
in  different  grains.  Fig.  6,  Plate  TV,  is  another  example,  a  piece  of 
etched  tin-plate,  exhibiting  the  same  characteristics.  It  shows  a  por- 
tion of  two  grains  of  the  thin  layer  of  tin  with  the  boundary  between 
them,  and  the  difference  of  brightness  is  very  marked.  They  are  both 
exposed  to  the  same  light,  but  they  reflect  different  amounts  into  the 
microscope.  The  reason  is  that  the  little  facets  on  one  are  much  more 
favourably  directed  for  the  purpose  of  reflecting  the  light  back  to  the 
microscope  than  are  the  facets  on  the  other. 
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Mr.  "One  might  multiply  illustrations  all  pointing  to  the  same  fact, 

Prichard.  namely,  that  the  etching  has  revealed  a  definite  geometrical  structure 
within  the  grain  by  removing,  as  it  were,  a  few  of  the  superficial  brick- 
bats, leaving  cavities  and  protuberances  of  a  geometrical  form.  The 
conclusion  is  simply  this,  that  every  one  of  these  grains  is  in  reality 
a  crystal.  ISTotwithstanding  the  irregularity  of  the  boundary  it  has 
the  true  property  of  a  crystal,  the  uniformity  of  internal  structure 
which  is  the  characteristic  of  a  crystal.  It  is,  to  use  Kelvin's  phrase, 
a  'homogeneous  assemblage'  of  structural  units  which  is  put  together 
with  greater  regularity  than  any  structure  built  up  of  definitely  formed 
brickbats."     *     *     * 

"A  very  imjwrtant  point  about  metallic  structure  is  that  we  find 
true  crystal  grains  not  only  in  metals  in  the  cast  state  but  also  iu 
metals  in  other  states,  metals  which  have  been  wrought,  which  have 
been  shaped  by  working  even  in  the  cold  condition,  and  also  in  metals 
that  have  been  worked  in  the  cold  condition  and  have  afterwards  been 
annealed  by  bringing  them  to  such  a  temperature  that  a  rearrangement 
of  the  grains  has  taken  place.  Whether  we  deal  with  them  in  the  cold 
condition  or  in  the  annealed  condition,  we  still  find  the  same  general 
characteristics,  still  the  same  granular  structure,  and  still  the  same 
plain  evidence  that  each  grain  is  in  reality  a  crystal. 

"Take,  for  instance,  a  bar  that  has  been  shaped  by  being  passed 
through  a  rolling-mill  in  the  cold  state.  One  of  the  photographs  al- 
ready shown  (Fig.  4,  Plate  III)  is  part  of  the  transverse  section  of  a 
cold-rolled  iron  bar,  rolled  down  from  a  comparatively  large  diameter, 
so  that  the  individual  grains  within  the  bar  have  suffered  tremendous 
distortion  in  the  process  of  rolling.  The  greater  part  of  the  field  is 
covered  by  a  single  crystal.  Over  its  whole  surface  there  are  geo- 
metrical pits.  When  it  was  examined  very  carefully  in  the  research 
by  Dr.  Rosenhain  and  myself  we  found  that  these  pits  were  parallel 
all  over  the  crystal  notwithstanding  the  tremendous  distortion  it  had 
undergone.  It  was  clear,  therefore,  that  the  regular  parallel  grouping 
of  the  structural  units  or  brickbats  had  in  some  way  or  other  been 
preserved  during  the  process  of  severe  straining. 

"The  point  is  further  illustrated  if  you  examine  in  the  microscope 
a  specimen  of  metal  that  has  been  broken  in  a  testing  machine.  Take 
a  fairly  plastic  metal,  such  as  iron  or  mild  steel,  which  stretches  a 
good  deal  before  it  breaks.  If  you  polish  and  etch  the  side  of  the  bar 
near  the  fracture,  where  a  considerable  amount  of  extension  has  taken 
place,  you  will  find  that  the  metal  there  consists  of  grains  similar  to 
those  you  have  already  seen,  but  with  this  difference,  that  these  grains 
are  all  elongated  in  the  direction  of  the  stretching.  Their  shapes  may 
be  still  very  irregular,  but  there  is  clearly  a  predominating  greater 
length  in  the  direction  along  the  bar,  as  compared  with  the  transverse 
direction.  The  stretching  the  specimen  underwent  before  it  broke  has 
elongated  each  grain,  but  its  granular  character  persists. 

"The  crystalline  constitution  of  the  grains,  then,  survives  severe 
straining.  How  does  it  do  so  ?  That  is  a  question  Dr.  Rosenhain  and 
I  set  ourselves  to  answer.  We  tested  specimens  of  metal  by  straining 
them  actually  under  the  lens  of  the  microscope  and  observing  what 
happened  during  the  process.  The  specimen  was  a  thin  strip  of  sheet 
metal,  which  was  strained  in  such  a  manner  that  the  same  crystals 
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were  kei)t  in  view  the  whole  time.  lu  Fig.  1,  Plate  I,  we  had  a  specimen  Mr. 
of  iron  lightly  etched.  This  was  subsequently  strained  by  tension,  but  Pr'''fi'i'"''- 
the  photograph  of  Fig.  1  was  taken  before  the  straining  began.  In 
Fig.  10,  Plate  I,  we  have  identically  the  same  grains  after  a  slight 
amount  of  straining — enough  to  carry  it  beyond  the  elastic  limit,  but 
not  much  beyond.  If  we  compare  those  two  accurately  by  applying 
compasses  and  measuring  the  lengths  of  the  grains,  it  will  be  found 
that  in  Fig.  10  each  grain  has  become  a  little  stretched  in  one  direc- 
tion and  a  little  shortened  in  the  transverse  direction.  But  that  is 
not  the  main  difference.  The  main  difference  produced  by  the  strain- 
ing is  that  over  the  surface  of  each  grain  a  number  of  curious  black 
lines  have  appeared,  almost  like  the  crevasses  of  a  glacier,  lines  which 
ax"e  substantially  straight  and  substantially  parallel.  It  is  in  virtue  of 
those  lines  that  the  plastic  strain  of  the  crystal  grain  has  happened. 
These  lines  mean  not  that  crevasses  are  formed,  for  there  is  no  rupture 
of  continuity,  but  that  there  has  been  shearing  at  a  corresponding 
number  of  internal  surfaces,  that  the  crystal  grain  has'  behaved  as  a 
pack  of  cards  behaves  when  you  try  to  make  it  alter  its  form.  The 
pack  of  cards  becomes  strained  by  the  slipping  of  one  card  on  the 
other,  of  each  layer  on  its  neighbor.  In  precisely  the  same  way  the 
crystals  of  metal  become  strained  by  the  slipping  of  the  little  brick- 
bats of  one  layer  on  those  of  the  adjacent  layer  within  each  grain. 
The  result  is  that  on  the  polished  and  etched  surface  little  steps  are 
formed  by  the  slipping,  and  it  is  these  little  steps  that  constitute  the 
black  lines  you  are  now  looking  at.  They  are  narrow  bands  rather 
than  lines;  Dr.  Rosenhain  and  I,  when  first  we  discovered  them,  called 
them  'slip  bands'."     *     *     * 

''Clear  proof  that  the  slip  lines  are  really  little  steps  was  furnished 
by  testing  the  effect  of  oblique  illumination.  It  will  be  obvious  that, 
if  the  theory  is  correct,  it  should  be  possible,  by  throwing  the  light 
from  the  side,  to  get  the  little  step  which  was  dark  in  the  first  in- 
stance to  shine  up  brightly.  We  have  only  to  choose  an  appropriate 
direction  from  which  the  light  should  come  in  order  that  the  step  may 
reflect  it  up  into  the  microscoi)e.  That  has  been  done  in  this  slide. 
Here  are  illustrations  of  what  Dr.  Rosenhain  and  I  found  when  we 
made  that  experiment.  In  Fig.  13,  Plate  YII,  we  have  several  grains 
of  a  strained  specimen  of  lead  illuminated  by  light  falling  very  ob- 
liquely from  one  side.  The  light  is  so  placed  that  some  of  the  slip 
lines  or  slip  bands  are  bright,  through  reflection  from  the  little  steps 
up  into  the  microscope.  The  light  is  falling  on  all  the  grains  alike,  but 
only  one  is  visible,  because  none  of  the  slip  lines  on  the  others  are 
favourably  situated  for  reflection  into  the  microscope.  Now  we  shift 
round  the  direction  of  the  illumination  (Fig.  14,  Plate  YII)  :  another 
crystal  has  its  slip  lines  brilliantly  illuminated,  and  at  the  same  time 
the  one  that  had  its  lines  illuminated  before  has  now  become  dark. 

"Fig.  15,  Plate  VI,  is  a  photograph  of  the  system  of  slip  lines  on  a 
small  part  of  a  single  lead  crystal  under  a  magnification  of  1 000 
diameters.  You  can  see  that  the  slips  have  produced  small  differences 
of  level,  and  it  is  apparent  that  they  have  taken  place  successively  in 
the  different  planes,  so  as  to  result  in  a  compound  system  of  steps. 

"Dr.  Rosenhain  gave  subsequently  a  further  demonstration  by  ob- 
taining a  transverse  section  of  the  steps  formed  by  slipping.     To  do 
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Mr.  this  he  strained  a  piece  of  iron  to  form  the  lines,  and  then  deposited 
Prichard.  ^  thick  layer  of  copper  upon  it  by  an  electrolytic  process;  finally  he 
cut  a  transverse  section  through  both  the  iron  and  the  copper  cover- 
ing, and  polished  that  for  microscopic  examination.  Under  a  high 
power  it  was  seen  that  the  surface  between  the  two  metals  had  upon  it 
a  number  of  little  definite  parallel  steps,  which  corresponded  to  the 
slip  lines  produced  by  straining  the  iron. 

"We  conclude,  then,  that  the  plastic  yielding  of  metals  under  strain 
is  due  to  slips  occurring  on  the  gliding  planes  of  the  crystal  grains. 
This  notion  gives  a  key  to  plasticity  in  metals.  It  is  not  going  too  far 
to  say  that  any  amount  of  distortion  can  be  accounted  for  by  slips  of 
this  kind  without  requiring  the  continuity  of  the  crystalline  structure 
to  be  interrupted." 

The  continuation  of  this  story  of  the  "Mechanism  of  plastic  de- 
formation" is  by  Dr.  Eosenhain : 

"If  we  realise  the  true  nature  of  this  phenomenon  of  deformation 
by  slip,  we  see  at  once  that  it  throws  a  flood  of  light  on  the  behaviour 
of  metals  under  stresses  sufiicient  to  bring  about  plastic  strain.  If 
such  plastic  strain  occurs  solely  by  slip,  then  the  truly  crystalline 
nature  of  the  metal  should  remain  unaltered  by  the  straining  process. 
We  have  already  seen  that  strained,  i.  e.,  elongated  crystals,  still 
exhibit  the  essential  characteristics  of  crystals,  so  that,  broadly  speak- 
ing, this  generalisation  is  correct.  But  there  are  a  whole  series  of 
other  phenomena  connected  with  the. process  of  plastic  strain  which 
would  be  extremely  difficult  to  explain  satisfactorily  on  any  theory 
which  required  the  structure  of  metal  to  remain  perfectly  crystalline, 
even  when  very  severely  strained.  The  circumstance  that  a  metal 
is  hardened  by  strain,  in  the  sense  of  having  a  much  higher  yield-point 
and  limit  of  elasticity,  and  even  a  higher  breaking  stress,  is  one  of 
these  facts.  These  circumstances  have  led  the  author  to  adopt  a 
view  put  forward  in  the  first  place  by  Beilby  [p.  100],  to  the  effect 
that  while  plastic  deformation — and  although  we  have  merely  dis- 
cussed its  occurrence  in  connection  with  tensile  strain,  its  nature  and 
mechanism  is  the  same  whatever  the  system  of  forces  which  have 
brought  it  about — takes  place  by  slip  on  the  gliding  planes  of  metallic 
crystals,  yet  that  the  act  of  slipping  is  accompanied  by  something 
further.  Just  as  the  rubbing  action  of  polishing  produces  on  metal 
surfaces  a  thin  layer  of  altered,  amorphous  material,  so  we  may  well 
expect  that  the  sliding  over  one  another  of  adjacent  slip  surfaces  will 
produce  a  local  disturbance  of  molecular  arrangement.  If  the  slip 
is  slight,  then  it  probably  happens  that  this  derangement  is  also  slight 
and  temporary  and  that  the  disturbed  molecules  are  still  able  to 
rearrange  themselves  pretty  much  in  their  original  system.  In  such 
a  case  the  crystalline  orientation  is  not  at  all  disturbed.  If,  on  the 
other  hand,  the  slip  has  been  more  pronounced,  the  resulting  local 
disturbance  will  also  be  more  far-reaching,  a  greater  number  of  mole- 
cules will  be  disturbed,  and  they  will  no  longer  be  able  to  re-arrange 
themselves  in  the  old  crystalline  system.  A  more  or  less  thin  layer 
of  amorphous  metal  will  thus  be  formed  on  each  surface  of  slip.  At 
first — for  a  short  time — these  layers  will  probably  possess  a  certain  de- 
gree of  mobility,  like  the  surface  film  which  adjusts  itself  under  surface 
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tension.  During  this  period  these  layers  would  act  as  a  sort  of  Mr. 
lubricant,  facilitating  further  slip  on  the  same  gliding  planes.  After  P"chard. 
a  time,  however,  when  the  disturbed  molecules  have  had  time  to  'set' 
in  the  amorphous  condition,  we  should  have  on  each  plane  where  slip 
has  taken  place  a  layer  of  hard,  non-plastic,  amorphous  metal.  These 
would  effectually  prevent  further  slip  on  that  particular  set  of  gliding 
planes,  and  the  crystals  would  be  limited,  in  accommodating  themselves 
to  further  plastic  strains,  to  slip  on  other  surfaces  which  had  not 
been  'used'  in  the  previous  straining.  But  all  the  surfaces  of  easiest 
slip  will  have  been  used  at  the  first  straining,  so  that  to  effect  plastic 
deformation  the  second  time  more  force  woiild  be  required.  Not  only 
this,  but  the  hard  and  brittle  amorphous  films  on  the  surfaces  of  pre- 
vious slip  would  also  act  as  a  stiffening  skeleton  for  the  whole  crystal 
and  thus  offer  additional  resistance  to  the  commencement  of  fresh 
slip."    *    *    * 

"If  we  regard  cohesion  within  the  body  of  a  crystal  as  being  due 
to  the  attractions  between  layers  of  adjacent  molecules,  we  can  readily 
understand  the  continuity  of  such  cohesion  acting  throughout  the 
entire  mass  of  any  one  crystal.  The  forces  which  are  at  work  in 
producing  cohesion  between  adjacent  crystals  must,  however,  be  of 
a  somewhat  different  character,  for  it  is  obvious  that  the  regular 
arrangement  of  molecules  in  oriented  layers  cannot  be  carried  on 
through  a  crystal  boundary,  while  it  appears  that  the  actual  cohesion 
between  adjacent  crystals  is  stronger  than  that  between  different  layers 
of  the  same  crystal."    *    *    * 

"In  addition  to  changing  their  own  shapes,  the  crystals  must  move 
relatively  to  one  another.  The  strength  of  the  crystal  boundaries 
is  found  to  resist  such  movement,  and  the  slip-bands  are  foimd  to 
be  arranged  in  such  a  way  as  to  minimise  the  amoiint  of  displacement 
occurring  at  the  actual  boundaries.  In  other  words,  the  metal  takes 
up  the  new  shape  imposed  on  it,  as  far  as  possible,  by  means  of  slip 
within  the  crystals  and  with  as  little  disturbance  as  possible  of  the 
inter-crystalline  boundaries.  That  there  is  some  definite  movement 
at  the  boundaries  becomes  evident  if  a  polished  specimen  is  strained 
without  being  previously  etched;  the  effect  of  the  strain  at  once  causes 
the  crystal  boundaries  to  become  visible  on  the  surface."* 

Structural  steel  is  a  mixture  in  which  more  or  less  connected 
hard  grains  of  an  alloy  termed  pearlite  are  embedded  in  a  softer 
matrix  composed  of  grains  of  iron.  The  grains  of  pearlite  consist 
of  alternate  thin  layers  of  iron  (Fe)  and  cementite  (Fe^C)  in  the 
proportion  of  six  parts  of  iron  to  one  part  of  cementite.  If  a  specimen 
of  such  an  alloy  is 

"provided  with  a  polished  surface  and  is  then  plastically  strained,  it 
will  be  found  that  the  effect  on  its  surface  appearance  is  almost  iden- 
tical with  that  obtained  by  etching — the  laminated  structure  is  very 
clearly  revealed.  Close  examination  has  shown  that  what  really  hap- 
pens is  that  slip  occurs  along,  or  very  close  to,  the  boundaries  of  the 

*  "An  Introduction  to  the  Study  of  Physical  Metallurgy",  by  Walter  Rosenhain, 
Superintendent,  Metallurgy  Department,  National  Physical  Laboratory,  pp.  245-247, 
257  and  258. 
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lamellae  of  the  two  constituents  present.  When  it  is  borne  in  mind 
that  these  lamellse  are  formed  by  the  process  of  crystallisation,  it 
will  be  seen  that  their  surfaces  must  lie  on  or  near  to  some  of  the 
principal  crystallographic  planes,  so  that  it  is  not  really  surprising 
that  slip  should  occur  on  these  surfaces."* 

Grains  of  iron,  as  shown  by  photo-micrographs,  are  irregular  as 
to  size  and  shape,  somewhat  as  in  Fig.  11,  except  for  the  grain, 
A-B-F-G,  which  is  drawn  of  conventional  shape  for  simplicity  of 
illustration.  The  slipping  of  the  layers  of  the  grain  upward  and  to 
the  right  as  a  result  of  over-straining  is  shown  in  Fig.  12,  which  is 
drawn  for  the  grain,  A-B-F-G,  enlarged.  A  second  slippage  upward 
and  to  the  left  will  make  offsets  in  the  first  slippage  planes,  as  in 
Fig.     13.      If    the    layers    simply    slipped,    the    grain,    as    a    whole, 


Fig.  11 


would  tip  to  the  right  on  the  first  slippage  and  crowd  the  neigh- 
boring grain  adjacent  to  the  line,  A-G,  and  would  tip  back 
again  on  the  second  slippage.  It  is  Professor  Howe's  opinion  that 
the  layers  simply  slip  and  project  into  the  adjoining  grains.  He 
has  discussed  the  matter  at  some  length,f  and  concludes  that  the 
phenomena  observed  are  those  which  would  naturally  follow  in  case 
there  were  no  such  rotation.  It  seems  to  the  writer,  however,  that 
the  geometrical  necessities  of  the  case  require  some  slight  rotation 
of  the  layers  with  each  slip.  The  aggregate  angle  of  rotation  might 
not  be  great,  however,  as  the  rotations  from  slips  in  opposite  directions 
tend  to  balance. 

Professor   Howe   gives    a    valuable    analysis   of   the    effect    of    the 
rapid  hardening  of  mobile  metal  during  a  test.     It  is  pointed  out  in 

*  Ibid,  p.  261. 

t  "Metallography  of  Steel  and  Cast  Iron." 
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the  paprr  tliat  such  action  may  tiikc  place  (page  90*)-  The  writer  Mr. 
does  not  consider  that  all  the  metal  rnade  mobile  or  viscous  during  i'''"'^»''*'- 
a  test  will  entirely  solidify  before  the  test  is  completed.  Some  portion 
may  remain  viscous  for  a  while  during  a  rest  after  being  over-straiued 
(pages  90-91*),  and  for  a  long  while  under  repeated  stresses.  Pro- 
fessor Howe's  suggestion,  that  a  very  important  degree  of  true 
fatigue  may  occur,  even  before  sub-microscopic  tears  form,  seems  to 
be  in  line  with  this  thought  and  very  reasonable. 

That  there  is  a  temporary  fatigue  is  shown  by  the  behavior  of 
iron  and  steel  for  a  period  after  being  over-strained.  One  manifesta- 
tion is  greater  deformation  under  repeated  stresses  within  the  primitive 
elastic  limit,  as  illustrated  in  Table  9,  and  under  alternating  stresses, 
as  showm  by  a  paper  recently  read  before  the  Royal  Society.f 

The  presence  of  some  viscous  metal  on  the  planes  of  slippage  and 
beneath  the  polished  surface  of  the  test  piece  would  facilitate  etching; 
and  its  subsequent  solidification  during  a  rest  or  gentle  heating  would 
make  the  test  piece  more  difficult  to  etch,  and  thus  explain  ''why 
after  a  heating  so  gentle  as  to  intensify  the  hardness  caused  by 
deformation  no  traces  of  the  amorphous  metal  along  the  slip  planes 
can  be  detected." 

''The  explanation  of  the  process  of  failure  by  'fatigue',  i.  e.,  under 
the  repeated  alternations  of  a  stress  which  would  not  cause  fracture 
if  steadily  applied,  is  also  furnished  by  the  conceptions  described 
above  as  to  the  behaviour  of  a  crystalline  aggregate  under  strain.  A 
stress  which  is  to  cause  ultimate  failure  after  repeated  alternations 
must  be  large  enough  to  produce  a  small  amount  of  local  yielding 
in  the  metal.  This  may  be  so  small  in  amount  as  to  be  unobservable, 
even  with  a  delicate  extensometer,  and  in  that  case  the  stress  would 
be  regarded  as  lying  within  the  apparent  or  'primitive'  elastic  limit, 
but  the  microscopic  examination  of  polished  test-pieces  tmder  load 
has  shown  that  the  formation  of  slip-bands  in  isolated  crystals  here 
and  there  in  the  metal  may  and  does  occur  for  stresses  of  this  kind. 
Some  crystals,  by  their  shape  and  the  orientation  of  their  gliding 
planes  are  unfavourably  situated  to  resist  the  particular  system  of 
stresses  which  has  been  applied,   and  a  slight  local  slip  takes  place. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1916. 

t  The  following  Is  a  transcript  of  a  printed  abstract,  from  the  paper,  furni.shed  to 
the  writer  by  Professor  W.  C.  Unwin  : 

"W.  Mason.  On  Speed  Effect  and  Recovery  in  Slow-Speed  Alternating  Stress 
Tests.     Communicated  by  Professor  B.  Hopkinson.  F.  R.  S." 

Repeated  cycles  of  equal  direct  and  reverse  torque  have  been  applied  to  mild  steel 
specimens  of  tubular  form,  and  systematic  measurements  made  of  the  range  of  the  cor- 
responding torsional  strains.  The  speed  of  application  of  the  cycles  was  varied  between 
2  and  200  per  minute.  After  a  considerable  number  of  cycles  at  2  per  minute,  the 
range  of  non-elastic  strain  was  reduced  about  50%  on  change  of  speed  to  200  per 
minute,  the  range  of  torque  being  unaltered. 

Similarly,  if  a  specimen  had  endured  a  considerable  number  of  cycles  at  200  per 
minute,  the  range  of  non-elastic  strain  was  immediately  increased  by  50  to  75%  at 
change  of  speed  to  2  per  minute.  If  the  latter  speed  was  maintained,  the  augumented 
range  of  strain  decreased,  quickly  at  first,  then  more  and  more  slowly.  This  recovery 
is  compared  with  the  reduction  of  range  of  strain  due  to  a  period  of  rest.  The  author 
attempts  to  account  for  these  variations  of  strain  on  the  hypothesis  of  alternate  pro- 
duction and  hardening  of  "mobile  material  in  the  steel." 
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TABLE  9. — Progressive  Increase  in  Stretching  Effect  of  Suc- 
cessive Increases  in  Load,  (pull)  from  5  000  to  40  000  Lb.  per 
Sq.  In.  on  a  Specimen,  from  a  Steel  Mortar  Hoop^  Which  was 
Successively  Strained  Beyond  its  Primitive  Elastic  Limit  of 
45  000  Lb.  per  Sq.  In.  Before  the  Load  was  Eeduced  and  Again 
Increased. 

Length  of  Specimen,  52 J  in.;  Gauged  Length,  30  in.  Compiled  from 
Test  No.  110,  Watertown  Arsenal  Eeport,  1884,  pp.  345-347. 
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15  000 
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0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.000194 
0.000160 
0.000160 
0.000170 
0.000160 
0.000163 
0.000173 

0.000193 
0.000177 
0.000176 
0.000187 
0.000187 
0.000186 
0.000200 

0.000217 
0.000193 
0.000190 
0.000190 
0.000200 
0.000217 
0.000203 

0.000210 
0.000200 
0.000197 
0.000203 
0.000200 
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0.000227 

0.000240 
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0.000227 

0.000217 

45  000 

0.000383 
0.005194 

0.000250 

0.000243 

0.000230 

0.000283 

50  000 

0  000250 

50  000 

0.000720 
0.004604 

56  000 

55  000 

0.000253 

50  000 

6.662643 

60  000 

0.000310 

62  000 

0.011560 

65  000 

0  003407 

72  000 

0.077300 

Ultimate  strength  od  sixth  loading,  87  170  lb.  per  sq.  in. 

If  the  load  remains  in  steady  action,  nothing  further  occurs.  If, 
however,  the  stress  is  reversed — i.  e.,  if  the  metal  is  being  subjected 
to  alternating  stress — then  this  slight  amount  of  slip  will  also  be 
reversed,  particularly  as  the  slip  surfaces  will  still  be  covered  with 
the  temporarily  mobile  layer  of  amorphous  metal.  Such  reversal  will 
be  repeated  with  each  reversal  of  the  applied  stress,  and  at  each  suc- 
cessive slip  the  layer  of  amorphous  material  will  be  increased.  After 
a  time,  however,  by  virtue  of  its  temporary  mobility,  this  film  of 
quasi-liquid  metal  will  be  squeezed  out  between  the  gliding  surfaces, 
and  the  site  of  the  initial  minute  slips  will  develop  into  a  fine  crack. 
As  this  process  continues,  that  particular  crystal  soon  begins  to  lose 
its  strength,  and  additional  stress  is  thereby  thrown  upon  its  imme- 
diate neighbours,  which  undergo  slip  and  gradual  disintegration  in 
the  same  way.     Ultimately,  the  crack  or  flaw  thus  originated  works 
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its  way  across  the  entire  section  of  the  metal,  and  failure  of  the  Mr. 
piece  results.  If  the  action  has  been  fairly  rapid,  i.  e.,  if  the  stress  P'"'^'^*'^*^- 
was  hip:h  enough  to  produce  somewhat  rapid  disintegration  by  repeated 
reversals  of  slip,  the  resulting  fracture  exhibits  the  crystal  faces  upon 
which  slip  has  taken  jilace  as  a  number  of  bright  facets  resembling 
those  produced  in  a  Tjrittle'  shock  fracture,  and  it  is  this  appearance 
which  has  led  to  the  mistaken  idea  that  alternating  stresses  cause 
metal  to  'become  crystalline'.  Actually,  as  we  have  seen,  the  metal 
is  crystalline  from  the  beginning,  never  really  'fibrous',  and  the 
'fibrous'  or  'crystalline'  appearance  of  the  fractures  depends  on  the 
mechanism  of  fracture,  and  not  on  any  change  in  the  crystalline 
structure  of  the  metal. 

"The  explanation  of  fatigue  fracture  which  has  just  been  given, 
although  it  has  been  deduced  from  the  general  character  of  plastic 
deformation  by  slip,  was  first  given  by  Ewing  and  Humfrey,  as  the 
result  of  direct  experimental  observations  in  which  they  watched  the 
formation  of  slip-bands  in  certain  crystals,  and  their  gradual  growth 
into  cracks  on  the  polished  and  etched  surfaces  of  pieces  of  Swedish 
iron  submitted  to  the  Wohler  test."* 

It  is  stated  in  the  paper  that  experiments  by  Wohler  during  the 
period,  1858-1870,  indicate  that  the  elastic  limit  can  be  raised  when 
part  of  the  stress  is  constant  and  part  constantly  repeated  (page 
100)  ;f  Launhardt  devised  a  formula,  following  Wohler's  experiments 
(page  101)  ;■[  but  such  formulas  are  not  applicable  to  the  design  of 
bridge  members,  for  the  reason  that  the  deformation  beyond  the  yield 
point  is  ruinous  (page  102). f  In  epitomizing  these  facts  in  the  Syn- 
opsis (page  73), t  the  writer  hoped  to  emphasize  the  caution  against 
relying  on  any  increase  above  the  primitive  elastic  limit,  in  design- 
ing tension  and  compression  members;  and  he  did  not  desire  to  imply, 
by  the  statement  quoted  from  the  Synopsis  by  Mr.  Stanton,  that  the 
strength  can  be  raised  above  the  yield  point  by  repeated  stresses 
"varying  from  zero  to  an  upper  limit." 

Mr.  Stanton  states  "that  the  phenomenon  of  repeated  loadings  of 
a  structure  from  zero  to  an  upper  limit  is  only  a  particular  case  of 
cyclical  variations  of  stress",  and  he  refers  to  a  "valuable  paper"  by 
Mr.  Bairstow.  Mr.  Bairstow's  conclusions  in  the  paper  referred  to 
are  as  follows : 

"It  is  found  that,  after  a  sufficient  number  of  repetitions,  iron  or 
steel  is  capable  of  adjusting  inself  to  variations  of  stress,  cyclically 
applied.  When  this  adjustment  is  complete,  the  specimen  is  found 
to  have  become  perfectly  elastic  throughout  the  whole  cycle,  and 
fatigue  does  not  occur. 

"This  adjustment  to  a  given  cycle  is  possible  because  the  limits 
of  elasticity  are  not  fijxed,  but  can  be  raised  or  lowered  by  repetitions 
of  stress. 

*  "An  Introduction  to  the  Study  of  Physical  Metallurgy",  by  Walter  Rosenhain, 
pp.  253-254. 

t  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1916. 
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Mr.  "During  the  adjustment  of  the  elastic  limits  to  a  given  cycle  of 

Prichard.  g^j.ggg  .^  change  of  length  occurs  in  the  specimens,  which  is  the  same 
as  the  extension  observed  in  an  ordinary  tensile  test  when  the  yield 
stress  is  exceeded.  For  cyclically  applied  stress  a  similar  extension 
occurs,  even  when  the  maximum  stress  in  the  cycle  is  less  than  the 
static  yield  stress. 

"The  greater  the  extension  of  the  specimen  during  adjustment, 
the  greater  are  the  amounts  by  which  the  elastic   limits  are  raised. 

"The  power  of  adjustment  is  limited,  and  if  the  range  of  stress 
in  the  imposed  cycle  is  sufficiently  great,  the  specimen  becomes  or 
remains  inelastic,  and  work  is  performed  during  each  cycle.  This 
work  is  expended  in  moving  portions  of  the  crystals  relatively  to  one 
another,  and  is  probably  associated  with  microscopic  slip-lines  which 
gradually  develop  into  cracks,  ultimately  causing  fracture  of  the 
specimen."* 

In  addition  to  the  experiments  on  repeated  stresses  to  which  Mr. 
Stanton  refers,  Mr.  Bairstow  made  some  successive  tests  in  tension 
and  compression  on  axle  steel  (which  had  first  been  subjected  to  a  cycle 
of  alternate  stresses  of  sufficient  duration  to  secure  equal  elastic  re- 
sistance of  the  metal  to  tension  and  compression),  and  obtained  the 
following  results : 

"Following  a  final  load  of  18.6  tons  per  sq.  in.  in  tension,  the 
specimen  was  heated  in  boiling  water  for  15  minutes.  Test  No.  2 
showed  that  the  specimen  was  still  elastic  at  the  same  load.  In  com- 
pression the  limit  was  reached  at  about  8.5  tons  per  sq.  in.,  and  the 
load  was  continued  to  13.28  tons  per  sq.  in.  Recovery  was  again 
produced,  and  it  was  then  found  that  the  elastic  limit  in  compression 
had  been  raised  at  least  to  13.28  tons  per  sq.  in.,  but  that  the  tensile 
elastic  limit  had  fallen  to  13.0  tons  per  sq.  in.  By  alternate  heating 
and  testing,  the  elastic  limits  were  moved  about  very  considerably, 
but  always  with  the  condition  that  if  the  tension  limit  was  raised  the 
compression  limit  was  depressed,  and  vice  versa/'f 

Bauschinger  and  others  have  tested  steel  and  iron  alternately  in 
tension  and  compression,  with  somewhat  similar  results.  In  the  above 
quoted  alternate  tension  and  compression  tests  by  Bairstow,  the  range 
of  stress  between  the  elastic  limits  in  tension  and  compression  re- 
mained nearly  constant  at  about  27  tons  per  sq.  in.,  against  an  original 
yield  point  of  24.9  tons  per  sq.  in.  On  the  other  hand,  some  re-tests 
of  eye-bar  steel  at  the  Watertown  Arsenal,  after  a  rest  of  3  years 
and  3  months,  had  a  range  between  elastic  limits  of  from  82  000  to 
98  000  lb.  per  sq.  in.,  against  a  primitive  elastic  limit  of  34  400  lb. 
per  sq.  in.,  as  shown  in  Table  10. 

After  referring  to  the  fact  that  in  some  cases  raising  the  elastic 
limit  by  over-straining  in  tension  reduces  it  in  compression,  Rosen- 
hain  states : 

*  "The  Elastic  Limits  of  Iron  and  Steel  under  Cyclical  Variations  of  Stress",  by 
Leonard  Bairstow,  Phil.  Trans.,  Royal  Society,  Vol.  210,  p.  37. 
t  Ibid,  p. .53. 
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"It  is  difficult  to  see  how  the  formation  of  hard  amorphous  hiyers       Mr. 
on  surfaces  of  slip  can  account  for  a  softening  of  the  metal  in  rela-  P""'*" •! **""'' • 
tion  to  compression  while  producing  hardening  as  against  tension."* 

TABLE  10.— Re-Test  of  Eve-B.\r  Steel. 

Compiled  from  Watertown  Arsenal  Report,  1890,  p.  731. 

„   .   .     1    -r,      ,       S  Elastic  Limit  34  400  lb.  per  sq.  in. 
Original  Eye-bar  j  g^^^^jj^^^  ^^       54  350"     "      «     « 

Specimens  from  bar  tested  3  years  and  3  months  later. 


How  specimens 
were  taken. 

Unannealkd  Specimens. 
Elastic  Limit  per  Square  Inch. 

ANNEALED  Specimens. 
Elastic  Limit  per  Square  Inch. 

In 

tension. 

In 
compression. 

In 
tension. 

In 
compression. 

40  000 
40  000 
63  000 

51000 
47  000 
35  000 

40  000 
42  000 
47  000 

43  000 

40  000 

42  000 

It  is  not  at  all  necessary  to  attribute  paradoxical  qualities  to  the 
"amorphous  layers"  to  explain  the  softening  of  the  metal  in  relation 
to  compression  which  sometimes  results  from  over-straining  in  ten- 
sion, as  it  can  be  explained  much  better  by  the  changes  which  occur 
in  the  balanced  internal  stresses  whenever  the  metal  is  over-strained. 

In  1848,  James  Thomson  (the  elder  brother  of  Lord  Kelvin),  an 
engineer  and  eminent  physicist,  by  a  pure  effort  of  scientific  reason- 
ing, and  without  any  tests  on  the  subject  to  guide  him,  deduced  and 
published'!"  the  following  theory: 

"The  considerations  adduced  seem  to  me  to  show  clearly  that  there 
really  exist  two  elastic  limits  for  any  material,  between  which  the  dis- 
placements or  deflexions,  or  what  may  in  general  be  termed  the 
changes  of  form,  must  be  confined,  if  we  wish  to  avoid  giving  the 
material  a  set,  or,  in  the  case  of  variable  strains,  if  we  wish  to  avoid 
giving  it  a  continuous  succession  of  sets  which  would  gradually 
bring  about  its  destruction;  that  these  two  elastic  limits  are  usually 
situated  one  on  the  one  side  and  the  other  on  the  opposite  side  of 
the  position  which  the  material  assumes  when  subject  to  no  external 
strain,  though  they  may  be  both  on  the  same  side  of  this  position  of 
relaxation;  and  that  they  may  therefore  with  propriety  be  called  the 
superior  and  the  inferior  limit  of  the  change  of  form  of  the  material 
for  the  particular  arrangement  which  has  been  given  to  its  particles; 
that  these  two  limits  are  not  fixed  for  any  given  material,  but  that, 
if  the  change  of  form  be  continued  beyond  either  limit,  two  new  limits 
will,  by  means  of  an  alteration  in  the  arrangement  of  the  particles 
of  the  material,  be  given  to  it  in  place  of  those  which  it  previously 
possessed.":): 

*  "An  Introduction  to  the  Study  of  Physical  Metallurgy",   p.  252. 
t  In  an  article  in  the  Cambridge  and  Dublin  Mathematical  Journal, 
t  "Encyclopaedia  Britannica",  9th  Ed.,  Vol.  VII,  p.  800. 
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Thomson  illustrated  his  theory  by  demonstrating  theoretically,  for 
a  particular  case  of  torsion,  that  a  bar,  originally  free  from  initial 
internal  stress,  could  have  its  elastic  resistance  to  torsion  increased 
one-third  in  the  direction  of  the  straining  force,  and  decreased  one- 
third  in  the  opposite  direction,  by  a  certain  degree  of  over-straining; 
and  he  pointed  out  that  the  same  principles  are  applicable  to  beams 
subjected  to  transverse  loading.  He  did  not  allude  to  direct  tension 
and  compression,  but  his  theory  can  readily  be  extended  to  such  cases. 
For  illustration:  if  a  pair  of  soft  steel  eye-bars,  with  an  elastic 
limit  of  30  000  lb.  per  sq.  in.,  and  a  pair  of  hard  steel  eye-bars  of  the 
same  size,  with  an  elastic  limit  of  50  000  lb.  per  sq.  in.,  are  symmetrically 
coupled  in  the  same  link  by  pins,  and  supported  laterally,  they 
can  be  alternately  strained  in  tension  and  compression  to  30  000  lb. 
per  sq.  in.  without  exceeding  their  elastic  limits,  provided  they  are 
free  from  flaws  and  initial  internal  stresses  and  have  perfect  elas- 
ticity to  the  elastic  limit;  thus  showing  the  range  of  the  elastic  field 
for  the  link  between  the  superior  and  inferior  limits  of  its  elasticity 
to  be  60  000  lb.  per  sq.  in.  If,  however,  the  link  is  strained  in  tension 
to  the  point  where  the  tension  in  the  hard  steel  bars  is  just  below  their 
elastic  limit,  the  tension  in  the  soft  bars  will  be  very  little  above  30  000 
lb.  per  sq.  in.,  and  in  the  link  as  a  whole  it  will  be  about  40  000  lb. 
per  sq.  in. ;  and,  after  the  link  is  relieved  of  its  load,  the  soft  bars 
will  be  strained  to  30  000  minus  40  000,  or  10  000  lb.  per  sq.  in.  in 
compression,  and  the  hard  bars  to  50  000  minus  40  000,  or  10  000  lb. 
per  sq.  in.  in  tension.  A  subsequent  compressive  load  of  20  000  lb. 
per  sq.  in.  applied  to  the  link  will  then  strain  the  soft  bars  to  their 
elastic  limit  in  compression  of  30  000  lb.  per  sq.  in. ;  or  a  subsequent 
tensile  load  of  40  000  lb.  per  sq.  in.,  applied  to  the  link,  will  then 
strain  them  to  their  elastic  limit  in  tension  of  30  000  lb.  per  sq.  in., 
and  the  elastic  field,  as  before,  will  be  60  000  lb.  per  sq.  in.  If  the 
compressive  load,  instead  of  being  20  000  lb.  per  sq.  in.,  were  enough 
greater  (10  000  lb.  per  sq.  in.  of  link  greater,  or  20  000  lb.  per  sq.  in. 
of  hard  bars,  which  must  now  carry  all  the  additional  load,  the  soft 
bars  being  the  "lazy  horse")  to  strain  the  hard  bars  to  30  000  lb.  per 
sq.  in.,  all  the  bars,  hard  and  soft,  would  become  entirely  free  from 
balanced  internal  stresses  when  the  link  was  relieved  of  its  load. 

When  the  hard  and  soft  metals,  instead  of  being  segregated  in 
separate  bars,  are  intimately  mixed  in  each  bar,  the  action  is  more 
complicated,  but  the  principles  which  govern  are  the  same. 

According  to  Thomson's  theory,  initial  internal  stresses  can  be 
eliminated  and  the  elastic  field  shifted  at  will  by  over-straining. 

Thomson's  theory  takes  no  account  of  the  mobile  or  viscous  films 
of  metal  which  result  from  over-straining,*  nor  of  the  hardening  pro- 

*  Subsequent  to  the  promulgation  of  Thomson's  theory  of  over-straining,  he  wrote 
a  paper,  in  1861,  on  crystallization  and  liquefaction  as  influenced  by  stresses  tending  to 
change  of  forms  in  crystals. 
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duced  by   their  resolidification.     Instead,  he  based  it  in  part  on  the       Mr. 
tentative  proposition:  "That  no  change  in  the  hardness  of  the  sub- 
stance composing  the  material  has   resulted  from  the  sliding   of   its 
particles,"  after  it  has  been  strained  beyond  its  elastic  limit. 

The  viscous  films  will  solidify  and  cement  the  adjacent  crystalline 
surfaces  during  a  rest,  whether  the  metal  is  free  from  stress  or  is 
stressed,  or  even  while  the  stress  is  fluctuating,  provided  the  fluctua- 
tions are  not  alternations. 

Moderate  over-straining  followed  by  rest  or  by  only  moderate  fluc- 
tuations tends  to  increase  the  elastic  limit  of  the  metal  by  liquification 
and  resolidification  in  harder,  stronger  form  of  the  weakest  films  or 
portions;  that  is,  the  portions  having  the  lowest  elastic  limits,  and  this 
tends  to  increase  the  elastic  field,  as  illustrated  in  Table  10. 

Alternations  of  stress  appear  to  be  very  fatiguing  by  hindering 
the  resolidification  of  the  viscous  metal  and  by  squeezing  it  from 
between  the  sliding  crystalline  surfaces,  and  thus  producing  permanent 
injury  and  weakness  in  the  form  of  cracks. 

Alternations  of  stress  may  actually  take  place  when  repeated  stresses 
seem  to  be  all  of  one  kind;  for  instance,  in  the  case  of  the  link  of  soft 
and  hard  steel  bars,  previously  analyzed,  repeated  loads  from  zero  to 
40  000  lb.  per  sq.  in.  would  involve  repeated  alternations  from  30  000 
lb.  per  sq.  in.  tension  to  10  000  lb.  per  sq.  in.  compression. 

If  at  any  time  the  stress  fluctuates  without  rest  and  the  fluctuations 
exceed  twice  the  elastic  limit  of  what  is  at  that  time  the  weakest  por- 
tion of  the  metal,  over-straining  and  stress  reversals,  the  conditions 
which  make  for  permanent  fatigue,  are  bound  to  ensue,  no  matter  how 
well  the  elastic  field  is  adjusted  to  the  conditions;  and  even  when  the 
range  of  fluctuations  exceeds  simply  the  elastic  limit  of  the  said 
weakest  portion,  over-straining  and  stress  reversals  are  likely  to  ensue 
if  the  conditions  as  regards  balanced  internal  stresses  are  sufiiciently 
unfavorable. 

Any  piece  of  steel  manufactured  by  hot-rolling  or  hot-forging  is, 
to  a  greater  or  less  extent,  strained  initially  by  balanced  internal 
stresses,  besides  which  it  contains  microscopic  flaws  which  cause 
unequal  distribution  of  stress  from  external  forces;  hence  (assuming 
that  its  condition  as  regards  balanced  internal  stresses  has  not  been 
adapted  by  previous  suitable  over-straining  and  rest  treatment  to  the 
particular  stress  conditions  to  which  it  is  to  be  subjected)  the  range 
between  the  limits  within  which  the  loading  can  continuously  fluctuate 
without  producing  both  mobile  metal  and  alternate  stresses,  must  in 
practice  for  such  a  piece  be  less  than  twice  the  elastic  limit  of  its 
weakest  constituent  metal.  The  elastic  field  of  such  a  piece  is  natur- 
ally normal;  that  is,  its  yield  point  and  the  imperfections  in  elasticity 
within  the  yield  point  may  naturally  be  expected  to  be  about  the  same 
in  tension  as  in  compression;  and  the  range  of  fluctuation,  which  will 
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not,  at  the  start  of  a  continuous  series  of  stress  fluctuations,  produce 
more  mobile  metal  than  is  consistent  with  subsequent  endurance,  will 
be  greatest  when  the  fluctuation  is  between  equal  tension  and  compres- 
sion, less  when  the  fluctuation  is  between  zero  and  an  upper  limit  of 
tension  or  compression,  and  least  when  the  fluctuation  is  between  two 
limits  of  the  same  kind  of  stress,  one  of  which  is  the  greatest  possible. 
Bauschinger,  Unwin,  Stanton,  Bairstow,  and  others  who  have 
critically  studied  cycles  of  stress  and  compared  the  numbers  of  repeti- 
tions necessary  to  produce  rupture  at  different  stress  intensities,  have 
concluded,  after  plotting  the  curves  of  rupture,  that  these  curves 
indicate  certain  limiting  stress  intensities,  for  different  materials, 
below  which  ruptiire  would  not  occur,  no  matter  how  often  the  cycles 
were  repeated.  Mr.  Moore,  however,  does  not  accept  the  conclusions 
of  these  experimenters  and  analysts.     Instead,  he  states: 

"Professor  Basquin,  of  Northwestern  University,  has  pointed  out 
that,  for  a  considerable  range  of  stress,  the  results  of  repeated  stress 
tests  of  metals  are  well  represented  by  an  exponential  equation." 

The  British  experimenters,  Eden,  Rose,  and  Cunningham,  and  the 
American  experimenters,  Upton  and  Lewis,  also  pointed  out  such  an 
apparent  relation.  Mr.  Moore  further  states  that,  as  a  result  of 
investigations  on  which  he  and  Mr.  F.  B.  Seely  have  been  engaged: 

"The  following  modification  of  Basquin's  formula  is  proposed : 

B 

a *  *  * 

(1  — (3)ivoi-^^' 

in  which 

S  =  fiber  stress  necessary  to  cause  failure ; 

A"  ^  corresponding  number  of  repetitions  of  stress    (the  'life'   of 

the  piece) ; 
Q  ^  ratio  of  minimum  stress  applied  to  maximum  stress   (Q=0 

for  load  varying  from  zero  to  a  maximum,  Q  ^  —  1.0  for  a 

completely  reversed  load) ; 
B  is  an  experimentally  determined  constant." 

Mr.  Moore  has  stated  to  the  writer: 

"This  equation  is  proposed  as  a  working  formula,  and  is  based  on 
test  results  near  the  minimum  for  the  test  data  available.  Many 
individual  tests,  especially  those  made  on  rotating  shaft  specimens 
under  bending,  show  higher  results  than  are  given  by  this  formula." 

According  to  this  formula,  any  cycle  of  stress,  if  successively 
repeated,  will  eventually  cause  failure. 

The  Watertown  Arsenal's  endurance  tests  of  shafts  of  open-hearth 
steel  of  various  grades,  as  given  in  Table  3,  by  covering  a  much  greater 
range  of  repetitions  of  cycles  of  stress  than  is  usual  in  experiments 
of  this  kind,  afford  a  good  opportunity  to  try  out  Moore's  formula  and 
the  opposite  contentions  of  the  other  school   of  analysts  cited.     The 
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writer  has  accordingly  diagrammed  these  tests.  They  all  plot  quite  Mr. 
close  to  smooth  curves,  which,  as  far  as  they  go,  and  they  go  far  enough  P"<'*'*''^- 
to  be  very  assuring  to  structural  engineers,  support  the  contention 
that  there  are  limits  within  which  cycles  of  stress  can  be  continuously 
repeated  without  resultiiag  in  failure  (it  should  be  remembered,  how- 
ever, that  mechanical  engineers  have  to  do  with  repetitions  of  stress 
far  outnumbering  anything  in  these  tests;  for  instance,  the  rotations 
of  shafts  of  steam  turbines  in  a  few  years  amount  to  billions).  One 
of  these  curves  is  show:n  in  Fig.  1-1,  together  with  the  locus  of  Moore's 
formula,  which,  it  will  be  observed,  does  not  agree  with  the  experi- 


ENDURANCE  TESTS  OF  ROTATING  SHAFTS  OF  0.82  CARBON  STEEL, 
1  IN.   IN  DIAMETER 


Speed  of  Rotation,  500  per  rain. 
3  4  5     6_ 


2020 


-2021        2022 


20  000 
2020        2021        20; 
Scale  of  Rotations,  in  units  of  100  000. 

Fig.  14. 

ments.  Mr.  Moore  suggests,  in  a  letter  to  the  writer,  "A  lower  value 
of  exponent  than  0.125  would  give  better  agreement  with  these  par- 
ticular test  results." 

To  make  a  further  comparison  of  Moore's  formula  with  the  experi- 
ments in  Table  3:  first,  the  values  of  B  were  obtained  for  each  grade 
of  steel,  by  taking  for  each  case  the  values  of  N  and  S  from  the  test 
in  which  the  number  of  rotation  was  closest  to  one  million ;  second,  by 
computing  in  each  case  from  these  values  the  value  of  S  for  the  max- 
imum number  of  rotations  given  in  the  table;  third,  by  placing  the 
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values  of  S,  thus  computed  from  Moore's  formula,  in  juxtaposition 
with  the  values  of  S  corresponding  to  the  actual  results  of  experiments. 
This  comparison  is  given  in  Table  11. 

From  Table  11  it  appears  that  the  various  grades  of  steel  sustained, 
without  failure  from  fatigue,  millions  of  alternations  of  stress  varying 
for  the  different  grades  from  49  to  87%  in  excess  of  the  failure  stress 
indicated  by  Moore's  formula.  The  failure  of  the  0.34  carbon  steel  at 
63  667  320  rotations  was  evidently  due  to  wearing  and  scoring  at  the 
bearings,  and  not  to  fatigue. 

Some  of  the  shafts  recorded  in  Table  3,  after  being  subjected  to 
many  millions  of  alternations  of  stress  without  rupture,  as  indicated 
in  that  table,  appear  to  have  had  their  capacity  for  endurance  enhanced 

TABLE     11. — Comparison     of     Moore's     Fatigue     Formula     avith 

Eesults  of  Experiments  Gn^N  in  Table  3. 
The  constant,  in  Moore's  formula,  for  each  grade  of  steel,  was  obtained 

from  the  experiment  in  which  the  number  of  rotations  was  nearest 

to  one  million;  indicated  as  (1). 


Grad 

e  of  steel               Number  of 
e  of  steel.              rotations. 

Extreme 

fiber  stress 

corresponding 

to  results  of 

experiments 

as  given  in 

Table  3, 

in  pounds  per 

square  inch. 

Constant 

in  Moore's 

formula,  for 

each  grade  of 

steel,  as 

computed  from 

experiments  (1), 

in  pounds  per 

square  ioch. 

Extreme 

fiber  stress 

computed  from 

Moore's  formula, 

in  pounds  per 

square  inch. 

0.17  car 

bon 293  510 

40  000  (1) 
30  000  (2) 
45  000  (1) 
40  000  (3 ) 
35  1100  (1) 
30  000  (2) 
50  000  (1) 
40  000  (2) 
45  000  (1) 
40  000  (2) 
40  000  (1) 
35  000  (2) 

386  800 
386  800 
404  400 

404  400 
388  600 

sm  600 

470  OOO 
470  000 
475  300 
475  300 

405  200 
405  200 

40  000 

0.17 

'      100  000  000 

19  340 

0.34 

'      166  360 

45  000 

0.34 

63  667  320 

21  400 

0  55 

900  720 

35  000 

0.55        ' 

'      ..• 75  006  000 

20  140 

0.73 

238  212 

50  000 

0.73 

'      58  4(X)  000 

25  130 

0.82 

'      605  460 

45  000 

0.82 

'      202  000  000 

21  770 

1.09 

•      433  380 

40  (100 

1.09 

'      175  280  000 

18  730 

(1)  Ruptured;  (2)  Not  Ruptured;  (3)  At  63  432  TOO'  rotations,  bar  run  hot; 
middle  bearing  melted.  Bar  scored  at  center  from  head  of  screw  that  holds  up 
middle  bearing  fixture  ;  bar  also  scored  at  the  south  middle  bearing.  New  bearings 
put  in,  and  test  resumed.  At  63  667  320  bar  ruptured  midway  between  bearings  at 
a  score  mark  made  by  head  of  screw  which  holds  up  middle  bearing  fixture. 

by  the  straining  they  had  undergone,  as  they  were  subsequently  sub- 
jected to  endurance  tests  at  higher  loads,  which  they  then  sustained 
for  more  rotations  than  the  shafts  which  had  not  been  subjected  to 
jtrevious  tests;  for  instance,  the  0.17  carbon  shaft,  after  resisting 
100  000  000  rotations  at  a  stress  of  30  000  lb.  per  sq.  in.,  stood 
6  470  460  rotations  at  35  000  lb.  per  sq.  in.  before  rupture,  against 
5  757  920  rotations  at  35  000  lb.  per  sq.  in.  of  a  shaft  not  previously 
tested ;  the  0.73   carbon   shaft,  after  resisting   58  400  000  rotations  at 
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40  000  lb.  per  sq.  in.  without  rupture,  stood  1  000  rotations  at  45  000  Mr. 
plus  1  000  at  50  000  plus  1  000  at  55  000  plus  74  040  at  60  000  lb.  per  P"''''^'^**- 
sq.  in.  before  rupture,  against  55  390  rotations  at  60  000  lb.  per  sq.  in. 
of  a  shaft  not  previously  tested;  the  1.09  carbon  steel,  after  resisting 
175  280  000  rotations  at  35  000  lb.  per  sq.  in.  without  rupture,  stood 
1  000  rotations  at  40  000  plus  1  000  at  45  000  plus  1  000  at  50  000  plus 
]  000  at  55  000  plus  17  350  rotations  at  60  000  lb.  per  sq.  in.  before 
rupture,  against  17  540  rotations  at  60  000  lb.  per  sq.  in.  in  a  shaft  not 
previously  tested;  an  0.82  carbon  shaft,  not  listed  in  Table  3,  after 
resisting  62  076  660  rotations  at  35  000  lb.  per  sq.  in.  without  rupture, 
stood  140  830  rotations  at  55  000  lb.  per  sq.  in.  before  rupture,  against 
93  790  rotations  at  55  000  lb.  per  sq.  in.  of  a  shaft  not  previously 
tested. 

The  only  shaft  which  on  re-testing  did  not  on  its  face  plainly  show 
increased  capacity  for  endurance  as  a  result  of  the  previous  endurance 
test  under  moderate  stress  was  the  0.55  carbon  one.  This  shaft,  after 
resisting  75  006  000  rotations  at  30  000  lb.  per  sq.  in.  without  rupture, 
was  subsequently  subjected  once  to  100  rotations  and  eight  times  to 
1  000  rotations  (8  100  in  all)  at  60  000  lb.  per  sq.  in.,  with  1  334  060 
rotations  at  30  000  lb.  per  sq.  in.  interspersed  between  times,  and  then 
ruptured  after  3  280  additional  rotations  at  30  000  lb.  per  sq.  in. 
Against  this,  a  shaft  not  previously  tested  resisted  12  490  rotations 
at  60  000  lb.  per  sq.  in.  before  rupture. 

Mr.  Moore,  to  whom  Table  11  was  submitted  in  advance  of  publi- 
cation, stated  in  reply: 

"The  divergence  of  test  results  from  the  proposed  exponential 
formiila  is  noted  by  Basquin,  by  Upton  and  Lewis,  and  by  Moore  and 
Seely.  The  advocates  of  an  exponential  formula  for  repeated  stress 
calculations  claim  that  the  test  data  for  numbers  of  repetitions  of 
stress  greater  than  ten  million  are  very  few,  that  while  most  test  data 
for  high  values  of  N  shows  results  above  those  given  by  exponential 
formulas,  some  data  (Wohler)  seems  in  fair  agreement  with  those 
formulas,  and  that  in  our  present  state  of  ignorance  as  to  results  of 
long-time  repeated  stress  tests  (which  must  continue 'for  at  least  ten 
years  longer,  since  the  European  war  has  caused  the  cessation  of  most, 
if  not  all,  of  the  long-time  tests  now  in  progress)  some  formula  which 
assumes  that  the  same  destructive  action  which  occurs  under 
high  stresses  will  continue  to  act  with  diminished  intensity  under  low 
stresses  is  a  safer  guide  for  the  designer  than  is  a  fixed  endurance 
limit,  below  which  destructive  action  is  assumed  to  cease.  For  struc- 
tures the  stresses  given  by  the  exponential  formula  and  those  given  by 
the  older  endurance  limits  are  about  the  same.  For  high-speed 
machinery  the  exponential  formulas  give  lower  stresses  than  do  the  old 
endurance  limits. 

"Messrs.  Moore  and  Seely  have  attempted  (in  their  paper  before  the 
1915  meeting  of  the  American  Society  for  Testing  Materials)  to 
modify  their  proposed  formula  for  certain  cases  by  the  addition  of  a 
'probability  factor'  which  is  given  as  (1  -|-  0.015  iV"  i-^).     This  factor 
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Mr.      brings  about  a  somewhat  better  agreement  between  the  formula  and 
Prichard.  results  of  most  repeated  stress  tests  in  which  N  is  greater  than  ten 
million.     The  proposed  factor  was  purposely  chosen  to  give  conserva- 
tive results." 

The  writer  will  not  digress  from  the  subject  of  his  paper  by  includ- 
ing a  discussion  of  the  endurance  of  high-speed  machinery  parts,  with 
their  likelihood  of  accumulative  vibration  through  synchronization  of 
vibratory  and  loading  periods,  to  centrifugal  forces  from  unintentional 
and  unapparent  eccentricities  in  revolving  masses,  and  to  instability 
at  critical  or  "whirling  speeds",  in  addition  to  pulling,  pushing,  bend- 
ing, and  twisting  loads;  but,  simply  as  a  caution  against  snap  judg- 
ments as  to  safety  in  proportioning  such  parts,  he  calls  attention  to 
the  paradox  that  in  some  cases  it  is  safer  to  use  a  shaft  with  a  small 
diameter  than  a  shaft  with  a  large  one.  For  instance,  in  a  certain  type 
of  De  Laval  turbines  the  wheel  with  its  shaft  will  revolve  safely  and 
smoothly  at  a  tremendous  speed  (at  a  rate  of  30  000  rev.  per  min.  or 
15  768  000  000  per  year  in  the  5-h.p.  turbines)  about  an  axis  which 
passes  almost  exactly  through  the  actual  center  of  the  revolving  mass, 
as  distinguished  from  the  nominal  center,  for  the  reason  that  the  shaft 
being  slender  is  flexible;  whereas,  if  it  were  of  much  larger  diameter, 
and  correspondingly  stitfer,  there  would  be  danger  of  intense  bending 
stresses  and  of  other  detrimental  phenomena  from  centrifugal  force 
and  vibration. 

Professor  Howe  introduces  the  question  of  the  effectiveness  of  rais- 
ing the  elastic  limits  of  steel  and  iron  by  the  cold-working  of  the 
material  prior  to  putting  it  in  service.  There  is  no  doubt  that,  when 
the  cold-working  strains  are  not  too  severe,  the  endurance  to  constant 
loads  is  increased.  In  this  regard  Thurston's  endurance  tests  of  wires, 
as  given  in  Table  12,  are  pertinent.  It  is  also  very  probable:  first, 
that  the  material  acquires  a  capacity  for  enduring  stresses  much  higher 
than  its  primitive  elastic  limit  before  it  was  cold-worked,  provided  the 
range  of  variation  in  stress  is  kept  somewhat  less  than  the  said  primi- 
tive elastic  limit;  second,  that,  for  occasional  loads,  with  long  intervals 
of  rest  between  them,  the  range  of  variation  in  stress  is  much  greater 
than  the  said  primitive  elastic  limit.  Looking  at  the  question  from  a 
theoretical  standpoint,  it  may  also  be,  especially  in  the  case  of  wire, 
that  such  a  large  proportion  of  the  metal  has  been  made  viscous,  and 
resolidified  in  much  stronger  form,  that  the  elastic  field  will  be  enlarged, 
in  some  cases  perhaps  greatly  enlarged,  even  for  resistance  to  con- 
tinuous cycles  of  stress.  The  question  is  one  which  can  only  be 
answered  with  any  certainty  by  experience  and  by  comparative  endur- 
ance tests.  Professor  Howe  cites  some  tests,  but  not  enough  to  be 
conclusive,  in  his  valuable  and  interesting  article  on  the  important 
question:  "Are  the  effects  of  Simple  Over-strain  Monotropic ?"*     The 

*  Proceedings^  Am.  Soc.  for  Testing  Materials,  Vol.  XIV,  Part  11   (1914),  p.  9. 
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writer  does  not  know  of  many  others,  but  presents  in  Table  13  a  few,  Mr. 
which  are  pertinent,  on  rotating  shafts  turned  down  from  plain  and 
twisted  iron  rods.  It  is  not  safe  to  draw  conclusions  from  a  few  cases, 
but  on  their  face  the  tests  in  Table  13  indicate :  first,  that  the  fourth 
turn  of  the  rod  strained  the  metal  too  severely;  second,  that  the  cold- 
twisting  increased  the  length  of  the  endurance  to  a  given  alternating 
stress.  Whether  or  not  the  cold-twisting  permanently  increased  the 
elastic  field  of  resistance  to  continuous  alternations  of  stress  does  not 
appear. 

The  enhancement  of  the  ela.stic  limit  by  cold-working  affords  an 
interesting  field  for  experimental  and  theoretical  investigation,  and 
such  investigation  would  be  of  much  practical  value  to  the  mechanical 
engineer,  and  also,  as  regards  wire  cables,  to  the  structural  engineer. 
In  general,  however,  the  steel  in  which  the  structural  engineer  is 
interested  is  hot-rolled,  hot-forged,  or  cast. 

The  stresses  which  are  developed  in  structures  vary  in  intensity, 
and,  even  when  the  loads  are  frequently  applied,  there  are  long  inter- 
vals between  the  stresses  of  greatest  intensity  and  between  the  greatest 
extremes  of  stress.  It  is  the  difference  between  the  frequency  of  the 
recurrence  of  such  extremes  and  the  recurrence  of  the  extremes  in 
endurance  tests  that  the  writer  had  in  mind  in  making  the  statement, 
on  page  96,*  quoted  by  Mr.  Stanton.  High  stresses  only  slightly 
within  the  primitive  yield  point,  repeated  or  even  alternated  at  long 
intervals  would  probably  do  little  injury  beyond  a  slight  permanent 
deformation  to  tension  members  and  stiff  compression  members,  pro- 
vided the  metal  had  not  been  previously  weakened  by  a  number  of 
frequent  repetitions  of- great  variations  in  stress. 

TABLE  12. — (Thurston's  Table  No.  ll)f  Endurance  of  Iron  Under 

Dead  Loads. 


Per  cent,  maximum 

Time  Under  Load  Before  Fracture. 

static  load. 

Hard,  unannealed  wire. 

Soft,  annealed  wire. 

95 

80 

8  days 

3  minutes. 

85 

261  days, 
aoo  days. 
17  days. 
4.55  days. 
455  days  (probable  jar). 

80 

91  days 

75 

70. .    . . 

Unbroken  after  several  years 

65 

Same  results 

"  Some  of  these  wires  were  still  unbroken  in  1888,  after  15  years'  loading." 


*  Proceedings,  Am.  Sec.  C.  E.,  for  January,  1916. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLI,  p.  516. 
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TABLE  13. — The  Effect  of  Twisting  Eods  of  "Burden's  Best  Iron" 

ON  THE  Endurance  of  Eotating  Shafts  Made  Thereof. 
Shaft  1  in.  in  diameter,  37  in.  between  supports,  loaded  on  4  in.  at 

center. 
From  Watertown  Arsenal  Report,  1903,  p.  337. 


Previous  treatment 

of  iron.     Number  of 

turns  In  45  in. 

Computed  maximum 

fiber  stress  per 

square  inch. 

Number  of  revolu- 
tions.   Speed,  500 
per  minute. 

Remarlfs. 

None  (natural  state) . . 

30  000 
35  000 

25  oon 
25  000 
25  000 

1  000  000 
1  716  380 

Not  ruptured. 
Ruptured. 

2 

2  716  380 

3  032  130 
12  074  960 

7  043  080 

Total  rotations. 

Ruptured. 
Ruptured. 
Ruptured. 

3 

4 

Mr.  Stanton  calls  attention  to  a  phenomenon  recorded  in  Mr,  Bair- 
stow's  valuable  paper*  on  the  range  of  the  elastic  limits,  as  follows: 

"Experiments  on  an  axle  steel  with  a  yield  point  of  24.9  tons  per 
sq.  in.  showed  that  in  repeated  loadings  from  0  to  23.2  tons  per  sq.  in. 
no  sign  of  want  of  elasticity  occurred  until  after  6  000  loadings,  when 
a  permanent  extension  of  the  order  of  the  yield  took  place." 

That  there  should  be  a  difference  in  yield  points  in  different  speci- 
mens of  the  same  steel  is  not  remarkable.  That  the  difference  in  the 
cases  referred  to  was  due  to  the  manner  of  developing  the  yield  seems 
probable.  As  the  ultimate  tensile  strength  of  the  specimen  of  axle 
steel  which  developed  the  yield  point  of  24.9  tons  was  38.2  tons,  the 
ratio  of  yield  point  to  ultimate  was  65.1%,  or,  for  a  yield  point  of 
23.2  tons,  60.7  per  cent. 

It  is  doubtful  whether  a  primitive  elastic  limit  much  in  excess  of 
00%  of  the  ultimate  is  a  direct  criterion  of  the  maximum  load  which 
can  be  continuously  repeated  from  zero  to  a  maximum  without  causing 
failure.  In  some  cases  of  high  ratios  the  change  from  nearly  perfect 
elasticity  to  rapid  yield  is  so  sudden  and  pronounced  as  to  suggest  that 
a  slight  change  in  conditions  would  have  caused  the  metal  to  yield 
under  a  considerably  lower  stress;  for  instance,  a  piece  of  steel  tested 
at  the  Watertown  Arsenalf  for  comparison  of  testing  machines,  at 
40  000  lb.  per  sq.  in.  or  82.9%  of  its  ultimate  tensile  strength,  had  no 
set  in  a  gauged  length  of  8  in.,  and  had  a  modulus  of  elasticity  of 
30  000  000;  but,  at  40  600  lb.  per  sq.  in.  it  suddenly  yielded,  and  the 
load  fell  to  30  000  lb.  per  sq.  in.,  which  is  62.2%  of  the  ultimate  tensile 
strength  of  48  240  lb.  per  sq.  in.     This  specimen  had  the  greatest  drop 

*  Phil.  Trans.,  Royal  Society,  Vol.  210,  p.  35. 
t  Report  for  1904,  p.  197. 
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at  the  yield  point  which  the  writer  has  ever  seen  recorded.     Ordinarily,       Mr. 
the  drop  is  within  10%  of  the  load  at  the  yield  point.     In  general,  the  ^"chard. 
drop  in  load  at  the  yield  point  is  greatest  for  soft  and  medium  steels 
with  high  elastic  limits,  and  it  decreases  \vith  decrease  in  the  ratio  of 
elastic  limit  to  ultimate  and  with  increase  in  ultimate. 

For  structural  purposes,  a  pronounced  yield  is  failure,  and  its 
careful  observation  in  tests  is  of  value  accordingly.  Low  elastic  limits 
which  mark  the  beginning  of  a  general  yield  are  critical,  but  low 
elastic  limits  which  are  not  followed  within  a  few  thousand  pounds  by 
a  critical  deformation  are  not  very  detrimental  to  tension  members 
and  stiff  compression  members,  as  their  elasticity  can  be  perfected  by 
straining  in  service  at  the  expense  of  a  little  permanent  set.  Such 
low  elastic  limits  are  caused,  as  explained  by  Mr.  Howard,  by  initial 
internal  stresses.  The  effect  of  such  stresses  on  compression  members, 
as  also  explained  by  Mr.  Howard,  is  nearly  akin  to  eccentricity.  In 
other  words,  these  stresses  cause  a  deflection  in  compression  members 
where,  under  ideal  conditions,  there  would  be  none.  This  is  one  of 
the  elements  of  weakness  for  which  suitable  provision  is  or  should  be 
made  by  use  of  some  reasonable  column  formula. 

Mr.  Lynch  does  not  present  any  data  regarding  the  deformation 
•which  followed  the  "true  elastic  limit  of  15  000  lb.  per  sq.  in.  or  less" 
(which  he  states  that  plates  with  a  tensile  strength  of  more  than  60  000 
lb.  per  sq.  in.  often  have),  nor  any  other  information  from  which  to 
judge  whether  this  "true  elastic  limit",  as  determined  by  the  extenso- 
meter,  was  the  real  elastic  limit  of  the  steel,  or  simply  the  elastic  limit  of 
the  piece  in  whatever  condition  as  regards  initial  internal  stresses  it 
happened  to  be ;  which  latter,  owing  to  the  initial  internal  stresses,  may 
.  be  much  less,  as  Mr.  Howard  has  pointed  out.  Eccentricity  in  loading 
in  the  testing  machine,  as  Mr.  Howard  has  also  pointed  out,  and  the 
non-observance  of  the  practice  of  allowing  "test  pieces  to  'rest'  for  a 
day  or  two  before  pulling",  as  pointed  out  by  Mr.  Speller,  may  like- 
wise result  in  extensometer  readings  which  are  below  the  "real  elastic 
limit"  of  the  material.  "''^  **^  *^''  ' 

Mr.  McCulloch  has  cited  eye-bars  for  which  the  micrometers  indi- 
cated permanent  sets  under  pulling  loads  of  5  000  lb.  per  sq.  in. ;  and 
the  writer  could  cite  many  other  cases,  but  he  does  not  know  of  any 
case  in  which  the  test  showed  that  the  steel  of  which  the  piece  tested 
was  composed  had  a  real  elastic  limit  as  low  as  "15  000  lb.  per  sq.  in.", 
nor  of  any  case  in  which  a  piece  of  steel  tested  under  repeated  (not 
alternated)  loads  failed  under  a  load  of  less  than  35  000  lb.  per  sq.  in., 
except  one  bar  (which  had  unfilleted  re-entrant  angles  where  reduced 
in  section  and,  therefore,  was  not  a  criterion)  tested  by  Wohler  to 
failure  on  the  274  969th  repetition  of  a  load  of  31 100  lb.  per  sq.  in. 
Tests  of  steel  and  iron  to  failure  under  thousands  and  millions  of 
repetitions  of  simple  tension  were  made  by  Wohler,  as  given  in  Table 
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Mr.       14,  and  by  Bauschinger,  as  given  in  Table  15.     The  writer  does  not 
Prichard.  ^^^^  ^^  ^^^  ^^^^^^^^ 

There  is  some  difference  between  Mr.  Lyneh's  claim  that  "Plates 
having  a  tensile  strength  of  more  than  60  000  lb.  per  sq.  in.  may,  and 
often  do,  have  a  true  elastic  limit  of  15  000  lb.  per  sq.  in.  or  less"  and 
Dr.  Waddell's  statement  that  "The  elastic  limit  for  medium  bridge 
steel  is  35  000  lb.  per  sq.  in."  It  is  hardly  likely  that  Dr.  Waddell 
wishes  to  have  this  general  statement  taken  too  literally  and  without 
allowance  for  the  differences  which  may  be  caused  by  variation  in 
reduction  in  rolling  and  in  the  temperature  at  which  the  steel  is 
rolled,  as  he  has  previously  published*  the  yield  points  indicated 
in  tests  made  at  the  Drexel  Institute  from  the  same  heat  of  ordinary 
open-hearth  carbon  steel,  as  follows: 

12-In.  Universal  Plates— Heat  No.  33  342. 

Section,  in  Pounds  per     Percentage  of 

inches.  square  inch.         ultimate. 

Average  of    4  specimens,  1.510  by  0.355  38  800  60.5 

"        "4         "  1.510    "  0.475  36  880  57.8 

"         "     4  "  1.510    "  0.755  33  420  53.8 

"        "     6  "  1.250    "  1.000  27  380  44.9 

"        "    2         "  1.250    "  0.995  25  700  43.8 

The  yield  points  were  indicated  by  a  set  of  0.01  in.  in  8  in.,  and 
were  a  little  lower  than  indicated  by  the  drop  of  the  beam. 

Dr.  Waddell  had  occasion  to  investigate  extensively  the  subject  of 
the  elastic  limit,  as  appears  in  the  valuable  paper  in  which  the  Drexel 
Institute  tests  above  cited  were  published;  but  there  are  many  engi- 
neers who  are  not  familiar  with  the  extent  of  the  differences  in  re- 
duction in  cross-section  and  in  the  temperature  at  which  reduced, 
incident  to  the  manufacture  of  structural  steel  (with  its  wide  range 
of  shapes  and  sizes),  and  who  do  not  realize  the  effects  on  the  elastic 
limit  of  the  reduction  and  of  the  temperature  at  which  the  reduction 
is  made.  In  this  regard,  interesting  tests  were  made  at  the  Watertown 
Arsenal  of  bars  from  an  open-hearth  steel  ingot,  forged  down  to  dif- 
ferent degrees  and  at  different  temperatures,  as  given  in  Table  16. 

The  writer  fully  appreciates  the  worth  of  the  previous  efforts  of 
Dr.  Waddell,  Mr.  Molitor,  and  other  eminent  engineers  in  combating 
the  application  to  bridge  design  of  Launhardt's  and  similar  fatigue 
formulas.  Largely  through  their  efforts,  such  use  of  these  formulas 
has  declined,  but,  unfortunately,  has  not  ceased.  It  is  noteworthy, 
however,  that  in  this  discussion  the  application  of  such  formulas  to 
bridge  design  has  not  had  a  single  champion. 

*  Transactions,  Am.  Soe.  C.  E.,  Vol.  LXIII,  p.  264.      ^, 
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TABLE  14. — Wohler's  Tests  of  Steel  and  Iron  Bars  by  Kepeateu  Prichard. 
Tensions  Between  Definite  Limits. 


Form 

of 

bar. 

Repeated  Pulltxq  Loads 

Number 
of  repeti- 
tions of 
load. 

Primitive 
ultimate 

From  ; 

Pounds 

per 
S(juare 

mch. 

To: 

tensile 
strength, 

Material. 

(Bar 
broke.) 
Pounds  per 
square 
inch. 

(Bar  did 
not  break.) 
Pounds  per 

square 

inch. 

Ratio  to 
ultimate. 
Percent- 
age. 

in 
pounds 

per 
square 
inch. 

r 

A 
A 
A 
A 
A 
A 
A 
A 
B 

0 
0 
0 
0 
0 
0 
19  400 
23  300 
0 

46  700 
42  800 
38  900 
35  000 
35  000 
31  100 
42  800 

"  34  806' 

107.6 
98.6 
89.6 
80.6 
80.6 
71.7 
98.6 
98.6 
80.2 

800 
106  910 
340  8.53 
409  481 
480  853 
10  141  645 

3  373  424 

4  000  000 

37  828 

2  specimens. 

43  000 

Iron  axle,        J 

43  800 

Phoenix  Co.  "• 

Average. 

43  400 

42  800 

r 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0 

0 

0 

0 

0 

0 

0 

48  600 

38  900 

34  000 

77  800 
68  000 
58  300 
53  200 
48  600 

83.3 
73.0 
61.7 
56.3 
51.4 
49.4 
47.3 
83.3 
83.3 
82.3 

18  741 

46  286 

170  170 

133  770 

473  766 

13  600  000 

13  200  000 

1  801  000 

12  100  000 

12  100  01)0 

5  specimens. 

99  800 

101  200 

101  200 

Krupp's 

axle  steel. . . '; 

I 

85  100 

46  700 
44  700 
77  8f)0 
77  800 
77  800 

85  100 

Average. 
94  500 

r 

B 
B 
B 
B 
B 
B 
B 

0 
0 
0 
0 
0 
0 
0 

48  600 
44  700 
40  900 
38  900 
35  000 
31  100 

51.4 
47.3 
43.3 
41.2 
37.0 
32  9 

23  546 
33  486 
65  658 
75  343 

208  883 

1 

Krupp's           J 
axle  steel.. ' 

29  200 

30.9 

1  100  000 

r 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

15  500 
13  600 
12  700 
11  700 
10  700 
10  200 
10  200 
9  700 

3140 

4000 

10  342 

45  028 

78  682 

27  885 

35  599 

308  439 

7  200  000 

7  600  000 

Cast  iron  from 

locomotive  \ 
cylinder 

9  700 
9  700 

L 

The  bars  marked  A  had  well-rounded  corner.s  at  the  point  where  the  small  middle 
part  of  the  test  bar  joined  the  enlarged  end.     Those  marked  B  had  square  corners. 

Three  equivalents,  in  pounds  per  square  inch,  have  been  given  by  different 
authorities  for  the  centner  zoll  :  namely  ;  97.24,  104  and  107,  accordingly  as  they  used 
the  old  German  or  assumed  the  old  Prussian  or  the  present  German  value  for  the 
centner.  The  old  German  centner  was  100  lb.  (Century  Dictionary)  ;  the  old  Prussian 
pound  was  467.7  grams  (Johnson's  and  Brockhaus'  Encyclopsedias)  ;  the  old  Prussian 
zoll  was  1.03  English  inches  (Webster's  Dictionary),  which  brings  97.24  lb.  per  sq. 
in.  as  the  equivalent  of  the  centner  zoll  :  this  value  was  used  in  computing  the  above. 

"According  to  Bauschinger  (Metb.  aus  Mech.-Tech.  Lab.  in  Miinchen,  Heft  13,  p. 
36,  18S6)  the  centner  per  zoll  in  which  Wohler  gives  his  results  is  equivalent  to  6.837 
kilos  per  square  cm."  or  97.24  lb.  per  sq.  in.  (Encyclopa?dia  Britannica,  9th  Edition, 
Vol.  XXII,  p.  601). 
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TABLE  15. — Bauschinger's  Tests  of  Steel  and  Iron  by  Repeated 
Tensions  between  Zero  and  Sundry  Upper  Limits. 

Number  of  Eepetitions  of  Load  are  given  to  the  nearest  10  000. 


Primitive 
elastic 
limit,  in 

pounds  per 
square 
inch. 

Primitive 

ultimate 

tensile 

strength,   ; 

in  pounds 

per  square 

inch.       1 

Repkated  Loads. 

Ratio  of 

load  to 
elastic 
limit. 
Per- 
centage. 

Ratio  of 
load  to 
ultimate. 

Per- 
centage 

1 

Material. 

Test 
piece 

broke. 

Pounds 
per 

square 
inch. 

Test 
piece 

did  not 

break. 

Pounds 
per 

square 
inch. 

Number 

of 

repetitions 

of  load. 

34  900 

63  800 

58  700 

167.9 

91.9 

40  000 

34  SiOO 

63  800 

58  700 

167.9 

91.9 

70  000 

34  900 

63  800 

58  700 

167.9 

91.9 

110  000 

34  900 

63  800 

58  700 

167.9 

91.9 

340  000 

34  900 

63  800 

58  700 

167.9 

91.9 

490  000 

34  900 

63  800 

51  .=.00 

147.4 

80.7 

160  000 

34  900 

63  800 

51  500 

147.4 

80.7 

320  000 

Mild  steel 
plates 

34  900 

63  800 

51  500 

147.4 

80.7 

440  000 

34  900 

63  800 

51  500 

147.4 

80.7 

620  000 

34  900 

63  800 

51  500 

147.4 

80.7 

760  000 

34  900 

63  800 

44  100 

126.3 

69.1 

670  000 

34  900 

63  800 

44  '00 

126.3 

69.1 

1  010  000 

34  900 

63  800 

35  800 

103.6 

56.2 

3  550  000 

34  900 

63  800 

35  800 

102.6 

56.2 

6  680  000 

34  900 

63  800 

35  800 

102.6 

56.2 

7  350  000 

34  900 

63  800 

35  800 

102.6 

56.2 

11  030  000 

TTSn  ■  i  ■  , 

39  400 

59  600 

47  000 

119.3 

78.9 

400  000 

39  400 

59  600 

47  OUO 

119.3 

78.9 

490  000 

39  400 

59  600 

47  000 

119.3 

78.9 

880  000 

Mild  steel 
boiler 

.39  400 

59  600 

41  900 

106.3 

70.3 

400  000 

39  400 

59  600 

41  200 

104.5 

69.2 

4  850  000 

plates 

39  400 

59  600 

36  700 

93.5 

01.7 

340  000 

39  400 

59  600 

41  900 

106.3 

70.3 

4  870  000 

39  400 

59  600 

3&700 

93.5 

61.7 

6  540  000 

39  400 

89  800 

58  700 

148.8 

65.3 

60  000 

39  400 

89  800 

58  700 

148.8 

65.3 

220  000 

Thomas  steel  J 

39  400 

89  800 

58  700 

148.8 

65.3 

020  000 

axle 1 

99  400 

89  800 

44  100 

111.9 

49.1 

9  040  000 

I 

39  400 

89  800 

36  500 

92.6 

40.6 

9  580  000 

Thomas    rail  J 

42  600 

87  400 

58  700 

137.8 

67.2 

560  000 

42  6a) 

87  400 

58  700 

137.8 

67.2 

570  000 

steel j 

42  600 

87  400 

44  100 

103.7 

50.5 

7  910  000 

42  600 

87  400 

36  700 

86.3 

42.0 

10  190  000 

33  200 

59  800 

44  100 

133.1 

33  200 

59  800 

38  500 

116.2 

64.4 

9  310  000 

33  200 

59  800 

30  900 

93.2 

51.7 

16  4H0  000 

26  4(X) 

59  600 

44  100 

166.9 

74.1 

240  000 

Bar  iron -' 

26  400 

59  600 

44  100 

166.9 

74.1 

640  000 

26  400 

59  600 

44  100 

166.9 

74.1 

840  000 

26  400 

59  600 

36  700 

138.9 

61.6 

7  400  000 

26  400 

59  600 

29  600 

111.9 

49.6 

9  110  000 

1.5  200 

56  400 

36  700 

239.7 

65.1 

2  280  000 

Wrought-         J 

15  200 

56  400 

25  000 

191.5 

52.0 

5  180  000 

iron  plate.. 

15  200 

56  400 

22  100 

144.0 

39.1 

5  190  000 

15  200 

56  400 

15  900 

103.8 

28.2 

5  170  000 
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TABLE  IG. — SuMMAKY  of  Tensile  Tests  of  Bars  Forged  down  from      Mr. 
AN  Open-hearth  Steel  Ingot  in  the  Direction  of  its  Length,    ""^  "  ■ 
AT  Different   Te^iperatures   and  with   Different   Amounts  of 
Reduction. 

(From  Watertown  Arsenal  Eeport,  1909,  Vol.  3,  p.  896.) 

Diameter  of  specimens,  0.798  in.     Sectional  area.  0.50  sq.  in.     Gauged 

length,  6  in. 


The  writer,  as  his  previous  papers*  show,  is  in  full  sympathy  with 
Mr.  Molitor's  efforts  to  secure  reasonable  safety  for  bridges  when 
overloaded. 

In  conclusion,  the  writer  emphasizes  the  facts:  that  strength  which 
can  only  be  acquired  at  the  expense  of  undue  deformation  is  of  little 
value;  that  original  faults  in  elasticity  which  can  be  corrected  in 
service  without  undue  deformation  are  not  critical;  that  the  real 
strength  of  any  member  of  a  structure  is  measured  by  the  loads  it  can 

*  "Insufficient  Provision  for  Counterstresses  in  Railroad  Bridges",  Transactions, 
Am.  Soc.  C.  E.,  Vol.  XLII,  p.  547. 

"The  Proportioning  of  Steel  Railway  Bridge  Members",  Proceedings,  Engrs. 
Soc.  of  Western  Pa.,  Vol.  XXIII,  p.  344  ;  also  Engineering  News,  September  19th,  1907, 
p.  302. 
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Mr.  sustain  without  undue  deformation  under  the  conditions  of  service 
nc  ar  .  (j^^jj^g  ^]^g  lifetime  of  the  structure,  as  determined  by  other  causes; 
that,  in  judging  the  real  strength  of  structural  members  from  tests,  a 
knowledge  of  the  principles  of  physical  metallurgy  is  very  useful;  and 
that,  in  consideration  of  the  conditions  of  manufacture,  considerable 
variation  in  the  strength  of  such  members,  even  when  made  of  steel 
from  the  same  melt,  should  be  expected. 
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THE  FLOW  OF  WATER  IN  IRRIGATION  CHANNELS 

Discussion.* 


By' Messrs.  William  S.  Aldrich  and  George  Henry  Ellis. f 


William  S.  Aldrich,:}:  Esq.  (by  letter). § — This  valuable  paper  Mr. 
illustrates  once  more  the  constant  tendency  of  scientific  thought  in  "^"^ 
its  treatment  of  natural  phenomena.  It  is  from  the  complex  to  the 
simple.  After  a  half  century  of  the  Ganguillet-Kutter  adaptation 
of  the  Chezy  formula,  itself  then  nearly  a  century  old,  we  have  had, 
in  the  last  score  of  years,  to  reckon  with  Bazin's  attempt  to  revert 
to  the  simplicity  of  the  Chezy  formula.  Encouraged  in  this  logical 
process,  the  author  of  this  paper  boldly  attempts  the  final  reduction. 
It  is,  however,  all  the  more  worthy  of  an  audience,  not  necessarily 
because  it  is  the  latest,  but  in  that  it  is  based  on  the  unimpeachable 
data  of  the  Government  tests,  conducted  by  the  Department  of  Agri- 
culture. Beyond  this  we  may  go,  but  scarcely  at  private  expense,  or 
college  laboratory  charge. 

Examining  the  summary  of  results.  Table  2,  we  find  a  tendency 
of  the  product,  nC,  to  assume  a  nearly  constant  value;  that  is,  this 
product  ranges  slightly  above  and  below  the  value  inherent  in  the 
type  of  canal  which  is  usually  accepted  as  representative  of  the 
given  class  of  construction.     This  is  shown  in  Table  9. 

Plotting  the  values  for  each  series,  throughout  the  whole  range, 
we  find  that  the  author  has  selected  the  value  of  C  which  corresponds 
very  nearly  to  the  general  average  values  and  the  usual  grade  of 
construction,  as  shown  in  Table  10. 

*  Discussion    of  the   paper    by   George   Henry    Ellis,   Assoc.    M.    Am.    Soc.    C.    E., 
continued   from   May,    1916,   Proceedings. 
t  Author's  closure. 
+  Fort   Collins,    Cclo. 
§  Received   by  the   Secretary,   May   23d,   1916. 
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TABLE  9. 


Type. 

n. 

C. 

Product,  nC. 

(II 

0.013 
0.014 
0.015 
0.018 

0.013 
0.014 
0.015 
0.016 

0.011 
0.015 

0.016 
0.020 
0.0225 
0.025 

113.5 

107.5 
99.0 
80.0 

114.0 
106.0 
99.5 
91.0 

137.0 
93.5 

90.5 
70.3 
61.2 
52.8 

1.4755 
1.505 
1.485 
1  440 

)  III 

Concrete  . 

Iiv :::::;::::■ 

(  VII 

(11 

1  482 

Jlll 

Wood 

liv . 

1  4925 

(v :..:::::::::::: 

1  456 

( I 

1  507 

Metal 

•  "(11 

1  4025 

( I 

1  448 

]ii 

1  406 

Earth 

im... 

1  377 

iv .. 

1  320 

TABLE  10. 


^''P'-         '-^.r^- 

n. 

C  (Ellis). 

Product,  nC. 

Concrete  channels  f  similar  to  III) 

Wooden  channels  (between  III  and  I V  ^ . 

0.014 

0.0148 

0.0225 

105 
100 
60 

1.470 

1.480 
1.350 

Referring  to  Eig.  3,  we  find,  at  several  points  along  the  curve,  a 
helpful  interpretation  of  relations  between  n  and  C.  For  example, 
the  following  marked  points  may  be  noted: 


n. 

c. 

Product,  wC 

0.014 

105.8 

1.4812 

0.018 

80.3 

1.4454 

0.0225 

60.2 

1.3545 

These  relations  are  more  or  less  significant;  they  indicate  the 
very  close  approximation  of  the  constants  selected  to  the  actual  con- 
ditions prescribed  by  the  usual  types  of  construction.  It  is  thus  found 
that  the  better  types  of  wooden  channels  are  in  the  same  class  as  the 
poorer  types  of  the  concrete,  though  even  the  poorer  types  of  wooden 
channels  hold  up  to  the  concrete  remarkably  well.  The  better  types 
of  earth  channels  are  in  the  identical  class  of  the  poorer  types  of  the 
wood.  As  might  be  expected,  the  poorer  type  of  earth  channels,  within 
the  values,  0.0225  and  larger,  are  in  a  class  by  themselves.  This 
grading  of  the  relative  values  of  the  constructive  types  is  in  strict 
accordance  with  the  values  of  the  product,  nC,  used  as  a  criterion, 
and  based  on  Table  2.     The  metal  channels  are  also  clearly  in  a  class 
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by  themselves,  with  this  product  ranging  from  1.40  to  1.50,  Types  II     Mr. 

IT  i-      T  Aldrioh. 

and  1,  respectively. 

Fig.  3  is  a  curve  of  the  nature  of  an  equihiteral  hyperbola;  that 
is,  the  product,  nC  =  a  constant  (approximately).  It  is  not  intended 
to  convey  the  impression  that  this  product  is,  or  should  be,  constant. 
The  Manning  formula,  quoted  by  the  author,  assumes  that  it  is 
a  constant,  and  equal  to  1.49.  We  must  bear  in  mind  that  the  exponent 
of  R,  in  the  Manning  formula,  is  0.G7,  as  compared  with  an  exponent 
of  0.69  in  the  Ellis  formula. 

George  Henry  Ellis,*  Assoc.  M.  Am.  Soo.  C.  E.  (by  letter)f. —  Mr. 
In  any  discussion  of  data  of  this  sort,  some  classification  is  almost 
necessary.  It  seemed  logical  to  make  this  classification  according 
to  the  roughness  of  the  channel,  and  also  to  base  any  new  formula 
■on  experience  obtained  in  the  use  of  an  old  one.  The  writer,  there- 
fore, arranged  the  channels  in  accordance  with  their  computed  values 
of  n,  which  is  the  method  to  which  Mr.  Hazen  objects. 

The  writer  agrees  with  Mr.  Harding  and  Mr.  Aldrich  that  it  is 
desirable  to  have  an  expression  of  the  relation  between  C  and  n, 
at  least  until  we  become  accustomed  to  thinking  in  terms  of  C,  and 
is  indebted  to  both  these  gentlemen  for  the  formulas  submitted  by 
them. 

Mr.    Harding   mentions   the    Williams   formula,    V  =    CR^^"^   S'^'^*, 

as  though  it  were  well  known.     The  writer  did  not  find  it,  either  in 

Merriman   (Ninth  Edition)   or  in  Parker's  "Control  of  Water",  both 

standard   works    on    hydraulics ;    and   had   not   seen   it   before.      The 

object  of  this  paper  was  to  find  a  simpler  formula  for  the  flow  of 

water,  not  necessarily  the  one  deduced  in  the  paper,  but  one  which 

could  be  accepted  by  the  Profession.     Perhaps  the  Williams  formula 

is  the  one.     It  has  the  different  exponent  for  8  which  it  was  hoped 

would  make  a  better  curve  of  the  points   in  Fig.  4.     The  exponent 

of  Rj  0.67,   is  well  within   the  range  of  these  points,   and  might  fit 

them  still  better  had  they  been  obtained  by  S^'^*  instead  of  by  »S^.     Mr. 

1.70 
Harding  has  deduced  a  coefficient,  also,  for  it,  C  = ,  so  that 

it  can  be  used  directly  with  n. 

It  was  thought  that  where  extreme  accuracy  was  not  required, 
the  Williams  formula  might  be  reduced  to  V  =  CRs  S^,  which 
could  be  solved  on  almost  any  slide-rule,  and  Tables  11  and  12  have 
been  arranged  in  order  to  compare  the  effects  of  the  various  exponents. 
The  difference  between  S"^*  and  S^  is  surprising.  Perhaps  this 
latter  expression,  which  is  essentially  the  Manning  formula,  if  used 

»  Fort   Shaw,   Mont. 

t  Received  by  the  Secretary,  July  10th,   1916. 
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Mr.    with   a   different   coefficient,   would  give   results   sufficiently   close   for 
Ellis.     Ti  ,.      1 

all  practical  purposes. 

TABLE  11.— Powers  of  Eadil 


2 

hi 

A'0.89 

iJO.BT 

iJS 

0.8 

0.8294 

0.3402 

0.3420 

0.3 

0.4357 

0.4464 

0.4481 

0.4 

0.5314 

0.5412 

0.&429 

0.6 

0.7030 

0.7102 

0.7114 

0.8 

0.8573 

0.8611 

0.8618 

1.0 

1.0000 

1.0000 

1.0000 

1.5 

1.3228 

1.3122 

1.3104 

2.0 

1.6133 

1.5912 

1.5874 

30 

2.1341 

2.0878 

2.0801 

40 

2.6027 

2.5316 

2.5198 

TABLE  12.— Powers  of  Slopes. 


s 

So.f.* 

1 

S2 

.sr 

SO.  54 

1 
8^ 

0.00010 

0.0069 

0.0100 

0.003 

0.0434 

0.0548 

0.00013 

0.0080 

0.0114 

0.004 

0.05U7 

0.0632 

0.00016 

0.0089 

0.0126 

0.005 

0.0572 

0.0707 

0.00020 

0.0100 

0.0141 

0.006 

0.0631 

0.0775 

0.00025 

0.0113 

0.0158 

0.008 

0.0737 

0.0894 

0.0003 

0.0125 

0.0173 

0.010 

0.0832 

0.1000 

0.0004 

0.0146 

0.0200 

0.013 

0.0958 

0.1140 

0.0005 

0.0165 

0.0224 

0.016 

0.1072 

0.1265 

0.0006 

0.0182 

0.0245 

0.020 

0.1209 

0.1414 

0.0008 

0.0213 

0.0283 

0.025 

0.1364 

0.1581 

0.0010 

0.0240 

0.0316 

0.03 

0.1505 

0.1732 

0.0013 

0.0276 

0.0360 

0.04 

0.1758 

0.2000 

0.0016 
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C.  A.  P.   TuRNER,t  M.  Am.   Soc.   C.  E.    (by  letter).!— This  paper     Mr. 

Turner 

undertakes  to  treat  the  flat  plate  or  slab  from  the  standpoint  of  the 
theory  of  work.  It  makes  the  work  dependent  on  Poisson's  ratio 
and  moments  in  selected  strips  across  the  center  portion  of  that  plate. 
It  is  fundamental  to  the  theory  that  the  amount  of  work  done 
depends  on  the  deflection.  Now,  a  formula  which  involves  work 
must  be  such  that  the  deflection  can  be  computed  and  checked  with 
observed  deflection.  Otherwise,  there  is  something  wrong  with  the 
formula,  but  the  author  has  apparently  made  no  attempt  to  check 
his  theory  by  observation.     Therefore,  it  lacks  confirmation. 

Suppose  we  compare  a  circular  plate  supported  at  its  center  with 
a  double  cantilever  beam  supported  at  the  middle.  The  resisting 
moment  in  the  cantilever  causes  stresses  along  its  length,  and  Poisson's 
ratio  may  be  disregarded,  as  it  has  no  effect  on  the  resulting  deflection, 
in  accordance  with  the  fundamental  equations  of  extensional  stress 
and  strain  established  a  generation  ago  and  accepted  by  Grashof 
and  all  authorities  on  the  subject  since  then.  These  equations  are 
as  follows : 

Ee^  =  Pi  —  A>., (1) 

Ee^_  =  Vo  —  Kp^ (2) 

*  Discussion  of  the  paper  by  A.  C.  Janni,  M.  Am.  Soc.  C.  E.,  continued  fromi  May, 
\Q'\(i,  Proceedings. 

t  Minneapolis,  Minn. 

t  Received  by  the  Secretary  June  26th,  1916. 
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Mr.     in  which  K  designates  Poisson's  ratio,  p^  and  p^  are  the  external  applied 
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or  apparent  stresses  per  unit  of  area  of  cross-section  of  the  plate, 
which  act  parallel  to  the  axes  of  x  and  y,  respectively,  if  these  latter 
lie  in  the  neutral  line  of  the  plate,  and  e^  and  e^,  are  exteusional 
elongations  of  the  plate  per  tuiit  of  length  parallel  to  x  and  y,  respec- 
tively. Hence,  if  p^  is  zero,  as  it  would  be  in  a  beam,  Ee^  =  p^, 
the  longitudinal  deformation,  e^,  depends  solely  on  p^^,  and  determines 
the  deflection. 

Thus  it  is  evident  that  K  cannot  affect  the  internal  work  in  a 
beam  in  a  manner  comparable  to  its  effect  in  a  slab,  yet  Mr.  Janni 
proposes  to  introduce  E  into  what  is  substantially  a  beam  formula. 

From  the  mathematical  standpoint,  Mr.  Janni  does  not  work  cor- 
rectly from  the  general  fundamental  equations  of  extensional  stress 
and  strain.  In  deriving  his  equations  for  the  true  moment  of  the 
strip  parallel  to  the  axis  of  x,  he  assumes  p^  =  0.  In  deriving  his 
equation  for  the  strip  parallel  to  the  axis  of  y,  he  assumes  p^  =  0, 
and,  in  Equations  (1)  and  (2),  if  p^  and  p,  ^^^  zero,  then  the  Poisson 
ratio  is  eliminated;  and  yet,  having  eliminated  the  Poisson  ratio  and 
effect,  Mr.  Janni  arbitrarily  inserts  a  factor  involving  this  ratio  in 
his  equation  to  represent  the  work  which,  on  the  basis  of  his  strip 
assumption,  in  deriving  his  equations  for  the  moment  on  the  strip, 
has  been  eliminated.  The  terms  inserted  are  correct  neither  for  the 
beam  theory  nor  for  the  plate  theory. 

Consider  the  case  of  a  plate:  The  deformations  due  to  spherical 
curvature  or  bending  are  radial  and  circumferential.  Assuming  that 
K  (Poisson's  ratio)  is  zero,  it  has  been  demonstrated*  that  the  work 
done  in  a  circular  direction  is  equal  to  that  done  in  a  radial  direction. 
Now,  radial  deformations  alone  determine  the  vertical  position  of 
the  cantilever  plate,  and  though  the  circumferential  deformations 
necessarily  accompany  radial  deformations,  they  provide  a  means  of 
storage  of  energy  which  is  not  involved  in  nor  determines  the  vertical 
deflection.  Accordingly,  in  the  circular  cantilever  plate,  half  the 
work  is  done  in  a  manner  which  produces  no  deflection.  In  the 
slab  supported  on  separated  posts,  we  have  a  cantilever  area  about 
the  post,  and  a  suspended  span,  which  is  really  an  inverted  plate 
similar  to  the  cantilever  portion  about  the  column,  located  about 
the  diagonal  center  of  the  span  so  that  treatment  of  the  plain  canti- 
lever serves  for  the  treatment  of  the  combination  of  the  cantilever 
and  suspended  span  in  a  diagonal  direction,  approximately. 

We  will  now  proceed  to  compare  the  double  cantilever  beam  and 
the  circular  cantilever  plate,  assuming  that  the  plate  and  beam  have 
the  same  thickness,  and  the  same  metal,  and  that  each  stores  an 
equal  quantity  of  energy,  Q ;  in  which  case : 

♦  "Concrete-Steel  Construction",  by  Eddy  and  Turner,  pp.  137-138. 
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Let  IVj  =  the  load  on  the  cantilever  beam  uniformly  distributed;         Mr. 
lF2  =  the  load  on  the  cantilever  circular  plate;  ^"^^' 

Z)j  =  the  mean  deflection  of  the  load  in  the  cantilever  beam ; 
and         JJ^  =  the  mean  deflection  of  the  load  on  the  cantilever  plate ; 

Since,  in  the  cantilever  plate  supported  at  the  center,  half  the 
work  is  done  in  a  manner  which  produces  no  deflection,  as  compared 
with  a  cantilever  beam,  the  deflection  would  be  reduced  one-half. 
Now, 

but,  the  amount  of  energy  stored  being  assumed  as  the  same,  Wj 
must  equal  2  W^  since  D.,  =  —  D^.  Xow,  if  we  assume  the  deflec- 
tion the  same,  it  is  apparent  that  W^  must  equal  4  W^ ;  or,  the  work 
of  deformation  is  four  times  as  great  in  the  double  cantilever  beam, 
strained  in  one  direction,  as  it  is  in  a  circumferential  plate,  strained 
in  two  directions,  for  equal  loads;  and  this  is  on  the  basis  that  there 
is  no  Poisson  action,  that  there  is  no  reduction  of '  strain  per  unit 
of  stress  in  one  direction  by  another  stress  acting  at  right  angles 
thereto. 

Compare  a  reinforced  concrete  beam  and  reinforced  concrete  plate 
on  i>osts  with  square  panels,  taking  an  interior  panel  uniformly 
loaded,  for  simplicity,  to  present  the  essential  facts:  The  experi- 
mentally determined  formula  for  deflection,  for  the  old-style,  mush- 
room, flat  plate  of  concrete,  may  be  written  for  a  square  panel  as 
follows : 

WL^  W  L^  .      ^  , 

J  =  — : =  (approximately), 

2   V  2  X  7  000  A^  /i^         19  ggo  A^  h^ 

In  this  case,  L  is  the  diagonal  of  the  panel  and  ^  is  the  deflection 
at  the  diagonal  center.  Ag  is  the  steel  area  at  mid-span  and  h  is  the 
distance  from  the  center  of  the  steel  to  the  top  of  the  concrete, 

A  similar  formula,  worked  out  from  a  number  of  experiments  on 
thoroughly  cured,  continuous,  concrete  beams,  integral  with  the  slab, 
these  beams  being  about  12  in.  wide  and  from  18  to  24  in.  deep, 
with  a  G-  to  8-in.  slab  and  from  15  to  24  ft.  from  center  to  center,  is : 

_        W  L^ 
^  ~  5  000  A^K^'' 

in  which  Ag  is  the  cross-section  of  the  steel  at  mid-span  and  k  is 
the  distance  from  the  center  of  the  steel  to  the  top  of  the  concrete. 

Comparing  these  formulas,  it  will  be  seen  that  the  diagonal 
deflection  of  the  slab  is  substantially  one-quarter  of  that  of  the  con- 
tinuous beam  at  mid-span,  a  result  in  keeping  closely  with  the  theory 
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Mr.  of  work  above  outlined,  except  that  the  slab,  being  integral  with 
the  beam,  reduces  its  deflection. 

For  simple  beams,  the  writer  deduced,  and  published  in  1909,  a 
formula  in  which  the  coefficient  is  taken  as  the  reciprocal  of  850. 
Now,  the  relative  stifl^ness  of  the  continuous  and  simple  beam  is 
known  by  theory  to  be  as  five  to  one,  so  that,  from  these  considera- 
tions of  numerous  experimental  results,  it  would  appear  that  the 
slab  integral  with  the  continuous  beam  has  increased  its  stiffness 
approximately  18  per  cent.  The  Poisson  effect  which  Eddy  finds  in 
his  theory  is  a  little  greater  than  this,  increasing  the  stiffness  33 
per  cent.  The  simple  beams  experimented  on  did  not  have  true 
knife-edge  supports,  and  this  discrepancy  would  be  expected  for 
that  reason. 

The  question,  "what  is  the  nature  of  the  Poisson  effect  in  reinforced 
concrete"?,  may  be  here  considered. 

Reinforced  concrete  is  not  a  homogeneous  material,  but  a  com- 
posite of  steel  and  concrete  combined.  There  can  be  no  molecular 
action,  such  as  is  found  in  a  homogeneous  material.  The  lines  of 
stress,  however;  may  be  represented  somewhat  as  are  the  variations 
of  shade  and  shadow  in  a  copper  half-tone  plate.  The  picture  is 
thrown  on  the  plate  through  a  screen.  Shade  and  shadow  are  not 
continuous  but  are  interrupted,  and,  if  the  interruptions  are  suffi- 
ciently fine-grained,  the  appearance  to  the  eye  and  the  general  effect 
is  that  of  the  photograph. 

So  with  reinforcement,  if  we  are  to  imitate  homogeneous  material, 
we  must  have  the  reinforcement  distributed  so  that  the  resulting  struc- 
ture is  relatively  fine-grained.  It  is  on  this  principle  that  the  imita- 
tion of  a  homogeneous  plate  may  be  made.  The  distribution  of  the 
stress  and  the  manner  in  which  the  stress  in  one  direction  may  co-act 
with  that  in  another  has  been  discussed  at  length.*  The  object  of 
this  short  discussion  is  to  point  out  the  theoretical  error  involved  in 
the  supposition  that  work,  where  there  is  double  curvature,  is  meas- 
ured largely  by  the  Poisson  effect.  Poisson  effect  or  action  enters  into 
the  problem  as  a  relatively  minor  factor,  a  matter  which  Mr.  Janni 
has  not  discovered,  because  he  has  tried  to  compare  beam  strips  and 
work  through  this  Poisson  coefficient  and  get  at  the  external  work, 
something  which  is  not  possible  in  working  from  strips,  as  the  writer 
pointed  out  from  comparison  of  the  double  linear  cantilever  and  the 
circumferential  cantilever. 

Much  of  the  difference  of  opinion  among  the  Engineering  Profes- 
sion to-day  regarding  beam  action  and  imitation  of  plate  action  in 
concrete  may  be  accounted  for  through  the  failure  of  the  Profession 
generally  to  understand  the  theory  of  work  in  its  relation  to  horizontal 
shearing  rigidity  and  flange  rigidity. 

*  "Concrete-Steel  Construction",  by  Eddy  and  Turner. 
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li"  WO  have  two  planks,  for  exaraiilo,  placed  one  upon  the  other,  and  Mr. 
load  them,  the  stiffness  and  strength  is  suhstantially  the  agj^regate  of  '^"'■"®'- 
the  two  planks,  because  the  friction  between  them  would  ordinarily 
be  very  small,  and  the  upper  corner  of  the  lower  plank  would  slide  by  the 
lower  corner  of  the  upper  plank,  if  they  were  of  the  same  length.  Now, 
by  bolting  and  gluing  these  planks  rigidly  together,  we  increase  the 
stiffness  fourfold  and  the  strength  twofold,  because  we  prevent  this 
sliding  one  upon  the  other.  The  result  produced  by  the  resistance  of 
this  shearing  rigidity  at  the  neutral  plane  of  the  beam  or  slab  becomes 
apparent. 

If  we  test  a  slab  which,  though  hard  on  the  outside  is  not  thoroughly 
cured  at  the  neutral  plane,  there  is  no  proportionality  at  all  between 
the  flange  stresses  and  the  deflection.  If,  however,  we  allow  the  slab 
to  become  thoroughly  cured,  and  compare  work  which  is  thoroughly 
hardened  and  rigid  throughout,  then,  under  these  circumstances,  we 
find  the  most  gratifying  concordance  between  relative  deflections  and 
stresses. 

Initial  loading,  however,  involves  some  allowance  for  the  shrink- 
age and  temperature  stress  of  hardening.  If  we  are  to  measure  stresses 
in  the  concrete  of  slabs  and  beams  when  first  loaded,  even  though  they 
are  thoroughly  cured,  the  deformations  in  the  concrete  compared  should 
be  those  of  the  recovery  after  the  initial  loading,  and  not  the  initial 
deformation  which  includes  the  effect  of  the  load  plus  that  of  tem- 
perature and  shrinkage  stresses  in  hardening.  In  subsequent  load- 
ings, or  after  one  or  two  repeated  loadings,  almost  perfect  elasticity 
will  be  found,  but  the  effect  of  shrinkage  and  temperature  stresses  is 
more  local  than  general  in  the  slab,  and  the  deflections  and  steel 
stresses  can  be  computed  accurately  with  ordinary  concrete  executed 
with  ordinary  care  when  the  work  is  thoroughly  cured  and  hardened. 

Much  conscientious  hard  work  in  investigating  concrete  is  of  no 
value  whatever,  because  investigators  have  failed  to  appreciate  the 
fact  that  cured  concrete  is  the  only  kind  on  which  it  is  worth 
while  to  make  measurements,  because  it  is  the  only  kind  of  con- 
crete in  which  there  is  a  definite  relation  between  the  deflection 
and  the  amount  of  load,  and  consequently  the  only  kind  to  which 
mathematical  theory  of  any  kind  is  applicable.  Just  as  sure  as 
concrete  is  only  partly  cured  along  the  neutral  plane,  although  hard 
on  the  outside,  there  is  no  relation  between  deflection  and  stress  which 
we  have  any  theory  capable  of  computing,  and  our  measurements  then 
are  of  no  value  except  in  showing  what  may  occur  in  a  slab  at  this  exact 
stage  of  hardening,  and  to  duplicate  this  stage  or  know  that  two  con- 
crete specimens  have  reached  exactly  the  same  stage  of  partial  curing 
is  something  no  one  has  been  able  to  do  as  yet ;  hence  the  measurements 
made  are  of  academic  value  only. 
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Mr.  Another  matter  which  is  very  puzzling  to  many  is  the  fact  that 
the  mechanics  of  a  solid  is  such  that  ordinary  rules  of  statics  do  not 
apply,  that  is,  the  rules  of  statics  as  applied  to  the  separate  members 
of  framed  structures  are  not  here  applicable.  For  example,  under 
pure  statics,  a  force  in  one  direction  cannot  affect  the  magnitude  of 
the  force  at  right  angles  thereto.  In  other  words,  it  has  no  component 
which  affects  it  according  to  statics;  but,  in  the  mechanics  of  a  solid, 
that  is  not  the  case.  A  deformation  in  one  direction  under  a  given 
force  affects  and  influences  the  deformation  produced  by  a  force  at 
right  angles  thereto,  and  it  may  thus  reduce  the  work  done  by  the  ex- 
ternal forces  to  the  surprising  amount  of  80  per  cent. 

Failure  to  understand  these  elementary  relations  has  caused  many 
building  departments  to  adopt  irrational  regulations,  thereby  placing 
a  premium  on  more  dangerous  types  of  construction  and  putting  at  a 
disadvantage  the  more  rational  and  safer  types  of  design. 

The  difference  between  beam  resistance  and  slab  resistance  is,  in 
part,  that  in  the  beam  horizontal  shearing  stresses  act  only  in  horizontal 
planes,  but  in  the  slab,  with  its  double  change  in  curvature,  horizontal 
shearing  forces  act  in  vertical  planes  as  well.  Now,  the  action  of  these 
latter  forces  is  disregarded  in  any  beam  strip  theory,  a  fact  recognized 
in  the  classical  theory  of  plates  for  fifty  years.  Early  flat-plate  theories 
did  not  take  into  consideration  the  Poisson  effect  at  all,  a  fact  which  Mr. 
Janni  and  many  present-day  engineers  apparently  have  overlooked. 

Mr.  Janni  assumes  that  putting  an  arbitrary  factor  involving 
Poisson's  ratio  into  a  beam  formula  makes  it  apply  to  a  plate.  The 
magnitude  of  this  error  may  be  found  by  computing  the  deflection  by 
his  theory  and  comparing  the  computed  values  with  the  experimentally 
determined  deflection. 

Working  on  the  basis  of  beam  theory  in  the  design  of  flat  slabs, 
the  quantity  of  steel  used  frequently  overbalances  the  strength  of  the 
concrete,  and  unsatisfactory  work  frequently  results.  The  comprehen- 
sive theory,  which  takes  into  consideration  properly  the  double  curv- 
ature and  twisting  of  the  plate,  whether  it  is  supported  on  four  sides 
or  on  a  series  of  posts,  will  insure  the  avoidance  of  this  undesirable 
kind  of  design.  The  idea  that  the  Poisson  effect  in  a  reinforced  con- 
crete slab  is  a  property  either  of  the  concrete  or  of  the  steel  is  errone- 
ous. The  mathematical  coefficient  applies  to  true  molecular  phe- 
nomena. The  imitation  of  that  phenomenon  in  a  fine-grained  composite 
structure  has  no  direct  relation  to  a  plate,  either  of  uniform  concrete 
or  of  homogeneous  steel. 

Another  error,  which  it  appears  to  the  writer  has  crept  into  many 
discussions,  is  the  idea  that  Poisson's  ratio  is  a  constant.  Its  value 
would  seem  to  depend  entirely  on  the  shape  of  the  piece  tested,  and  be 
a  constant  for  the  same  kind  and  shape  of  test  piece,  but  not  for  dif- 
ferent kinds  and  different  shapes.    A  square  bar  would  give  one  value;. 
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a  wide  rectangular  bar  would  give  two  values  under  tensile  stress;  a     Mr. 
plain   flat  plate   bent   in   one   direction   gives   no   criterion   as   to   the    "™^''' 
Poisson  effect  in  a  plate  bent  in  two  direction.s  under  the  fundamental 
equations  of  stress  and  strain. 

The  magnitude  of  the  Poisson  effect  may  be  readily  shown  from 
the  fundamental  equations  of  internal  stress  and  strain — Equations 
(1)  and  (2) — to  be  a  maximum  when  Pj  =  p^,.  In  other  words,  it 
requires  equality  of  stress  in  the  direction  of  x  and  y,  respectively,  for 
the  maximum  efficiency.  The  previous  demonstration  of  the  action  of 
the  circumferential  cantilever  plate  is  based  on  this  equality,  for  when 
the  forces  along  x  are  greater  than  those  along  y,  circumferential  de- 
formations enter  into  the  deflection  largely  along  x.  Hence,  the 
Poisson  effect,  as  well  as  the  effect  of  double  curvature,  varies  between 
square  and  rectangular  panels  according  to  the  law  of  this  variation. 
This  law  is  found  experimentally  to  indicate  that,  in  a  rectangular 
panel,  the  length  to  be  considered  is  not  a  mean  of  the  two  sides,  but 
is  that  of  the  longer  side,  a  relation  which  holds  good  with  panels  in 
which  the  width  is  six-tenths  of  the  longer  side.  The  diagonal  length 
from  colirmn  to  column  cannot  be  used  in  a  rectangular  panel,  and 
for  that  reason  the  empirical  formula  for  deflection  published  in  1909 
by  the  writer  was  confined  to  the  use  of  the  direct  span  from  column 
to  column,  using  the  longer  side  of  the  rectangular  panel. 

Regarding  the  shrinkage  of  concrete  in  columns,  this,  in  the  writer's 
judgment,  is  a  matter  which  should  be  given  more  consideration  than  is 
usually  accorded  it.  If  the  column  is  well  tied  in,  12  000  lb.  per  sq.  in. 
on  the  steel,  if  it  is  hard,  should  be  permissible,  provided  that  the 
column  bars  are  lapped  and  not  butted.  Lapping  permits  an  adjust- 
ment during  the  curing  stage  which  is  not  x>ossible  if  the  bars  are 
butted.  Tests  show  higher  values  where  the  longitudinal  steel  does  not 
abut  the  face-plate  of  the  testing  machine. 

No  engineer  who  has  loaded  a  plain  concrete  plate  and  witnessed 
its  performance  under  a  drop  of  temperature  of  25°  could  rationally 
talk  of  the  evanescent  value  of  the  tensile  strength  of  concrete.  In 
practical  construction,  the  splice  or  joint  eliminates  this  resistance; 
still,  the  deflection  is  increased  but  little,  and  the  steel  stress  likewise 
tmdergoes  little  change.  This  observation  and  experience  indicate  the 
magnitude  of  the  error  involved  in  Mr.  Godfrey's  conception  of  the 
problem. 

Mr.  Godfrey  has  stated  that  "Tests  ought  to  be  made  by  the  Federal 
Government,  not  by  patent  owners,  interpreted  by  their  hired  experts," 
His  contention,  however,  is  fallacious,  and  this  is  shown  clearly  by 
the  fact  that  the  test  of  the  Curran  Building,  in  St.  Louis,  was  con- 
ducted by  Robert  W.  Hunt  and  Company,  and  that  the  report  of  that 
company  cannot  be  regarded  as  unworthy  of  credence  simply  because 
it  was  made  by  paid  experts.     Mr.  Godfrey  should  be  informed  that 
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numerous  articles  in  the  technical  press  indicate  the  great  extent 
to  which  deck  mushroom  floors  have  been  adopted,  in  bridge  work 
with  columns  from  30  to  40  ft.  in  length,  and  spans  from  30  to 
nearly  50  ft.  There  are  also  many  descriptions  of  tests  of  such  floors; 
for  instance,  the  floors  of  the  Minneapolis  Post  Office  were  tested 
by  the  Federal  Government. 

As  a  result  of  the  writer's  observations,  he  is  firmly  convinced  that 
in  the  past  many  engineers  have  attributed  the  increased  rigidity  of 
the  work  to  the  tensile  strength  of  the  concrete,  instead  of  ascribing 
it  to  the  increase  in  horizontal  shearing  rigidity  along  the  neutral  plane 
of  the  slab  due  to  thorough  curing.  Satisfactory  evidence  of  the  truth 
of  this  fact  may  be  readily  brought  out  by  testing  a  slab  without  re- 
inforcement. The  great  importance  of  this  shearing  rigidity  has  been 
illustrated  by  the  example  of  the  two  planks  where  it  increases  the 
stiffness  fourfold  and  the  strength  twofold.  Permitting  horizontal 
shearing  rigidity  to  become  a  factor  in  vertical  planes  has  likewise  a 
phenomenal  effect  on  the  resistance  of  the  plate,  an  effect  which  is 
brought  out  only  by  the  double  curvature. 

It  may  be  argued  that  the  concrete  matrix  binds  the  steel  and 
furnishes  this  shearing  rigidity  to  a  large  extent.  The  error  of  this 
view  will  be  obvious  from  the  consideration  of  the  example  of  the  two 
planks  which  do  not  furnish  the  shearing  rigidity  of  the  bolts  or  the 
glue  which  increase  the  stiffness  fourfold.  Neither  does  the  steel  by 
itself  nor  the  concrete  by  itself  furnish  the  shearing  rigidity  of  the 
composite  structure.  The  action  as  a  composite  structure  is  due  to 
bond  stress,  and  bond  stress  is  a  shearing  resistance  added  to  the  com- 
bination by  the  steel  embedment  and  the  shrinkage  of  the  concrete  in 
hardening  about  the  steel.  Thus,  where  steel  is  embedded  in  concrete 
we  are  dealing  with  a  new  element  which  has  not  been  given  proper 
consideration  by  those  who  fallaciously  assume  that  the  effect  of  the 
addition  of  this  shearing  rigidity  is  a  property  of  the  concrete.  Were 
this  a  fact,  reinforcement  would  be  abandoned.  If  concrete  can  furnish 
three  or  four  times  the  tensile  resistance  of  the  steel,  wherein  lies  the 
utility  of  the  steel  ?  In  order  to  account  for  slab  phenomena,  an  ex- 
planation based  on  an  unheard  of  tensile  strength  of  concrete  is  of- 
fered, the  absurdity  of  which  becomes  apparent  only  on  analyzing  the 
effect  of  horizontal  shearing  forces  in  horizontal  planes  and  horizontal 
shearing  forces  in  vertical  planes.  The  erroneous  idea  that  a  mere 
Poisson  coefficient  accounts  in  fact  for  the  great  difference  in  per- 
formance of  the  slab  and  beam  becomes  evident  when  we  reduce  this 
coefficient  to  zero  and  find  that  the  work  of  deformation  for  the  same 
load  is  one-fourth  as  great  with  the  circular  cantilever  plate  as  it  is 
with  the  linear  cantilever  plate.  No  more  forcible  illustration  of  the 
action  of  the  horizontal  forces  in  vertical  planes  can  be  brought  out 
than  this  explanation. 
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No  more  enjjent  reason  can  be  offered  for  abandoninp:  beam  strip     Mr. 
theory   than   the  concordance   of  true  theory   with   empirical,   experi- ^""'^"^^ 
mentally  determined  and  proved,  formulas  for  deflection. 

Distribution  of  Stress. — The  composite  structure  not  only  differs 
from  the  homogeneous  plate  in  respect  to  the  difference  between  it  and 
the  iniinitesimally  fine  grain  of  the  make-up  of  a  homogeneous  plate, 
but  also  differs  in  the  distribution  of  resistance  under  the  known  law 
of  the  bond  shear  or  bond  stress.  The  action  of  these  forces  is  most 
efficient  where  the  horizontal  shearing  deformation  is  a  maximum. 
This  occurs  toward  the  end  of  the  cantilever  on  each  side  of  the  line 
of  inflection  in  the  flat  slab  supported  on  columns.  Thus,  there  are 
differences  between  distribution  of  stress  in  the  homogeneous  plate  and 
the  imitation  of  the  homogeneous  plate. 

The  luiique  application  of  the  mathematical  flat-plate  theory  of 
Eddy  is  based  on  the  assumption  of  an  imaginary  solid  endowed  with 
those  imaginary  properties  which  will  produce  the  deflection  of  the 
composite  plate.  By  this  expedient  Eddy  succeeds  in  figuring  the 
vertical  geometry  of  the  composite  plate  under  load,  that  is,  the 
vertical  geometry  of  the  imaginary  plate  which  fits  or  substantially 
agrees  with  that  of  the  composite  plate.  Having  determined  this 
geometry,  he  has  determined  mathematically  the  geometry  of  deforma- 
tion, and,  reducing  this  geometry  of  deformation  to  stress,  he  is  able 
to  con^ipute,  with  a  high  degree  of  precision,  steel  stresses  and  deflec- 
tions in  all  recorded  tests  on  thoroughly  cured  concrete  plates.  Thus, 
in  one  and  the  same  theory,  Eddy  alone  has  succeeded  in  deriving 
equations  by  which  the  deflection  and  steel  elongations  are  admitted 
by  all  to  be  computed  in  keeping  with  results  of  experiment.  It  seems 
to  the  writer  that  all  criticism  of  Eddy's  methods  is  based  on  an  entire 
misapprehension  of  the  stages  by  which  they  are  derived,  and  a  mis- 
understanding of  the  theory  of  work  which,  in  its  simplest  and  most 
elementary  form,  the  writer  has  endeavored  to  present  in  the  foregoing 
discussion. 

Even  in  the  reinforced  concrete  beam,  it  is  too  commonly  assumed 
that  there  is  a  much  closer  analogy  to  homogeneous  material  than 
actually  exists.  In  the  reinforced  concrete  beam,  horizontal  shears  in 
vertical  planes  are  also  to  be  found  which  do  not  exist  in  the  homo- 
geneous beam.  Consequently,  these  shears  which  in  the  lower  plane 
cause  greater  deformations  close  to  the  surface  of  the  steel  than  be- 
tween the  bars,  affect  the  amount  of  resistance  required  to  hold  the 
external  loads  in  equilibrium  at  the  center.  Since  it  may  be  shown 
that  the  internal  work  of  deformation  in  view  of  the  bond  stress  is  in 
part  lateral,  the  energy  there  stored  has  a  marked  effect  in  reducing 
the  deflection  and  the  work  of  deformation,  all  erroneously  attributed 
heretofore  to  an  overestimated  or  imaginary  direct  tensile  strength  of 
the  concrete.     When  the  work  of  indirect  stress  is  followed  out,  and  a 
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Mr.      correct  theory  of  the  beam  is  presented,   much  of  the  difference  of 
■  opinion  among  engineers  on  reinforced  concrete  will  disappear. 

Time  Effect. 

Rich  Concrete. — Concrete  grows  more  rigid  with  time  aside  from 
shrinkage  and  temperature  effects,  but  90-day  concrete  of  a  1:2:4  mix 
cured  at  a  temperature  greater  than  65°  shows  little  increase  in  de- 
formation where  the  stress  is  not  more  than  one-third  of  the  ultimate. 
For  greater  stresses  it  shows  a  considerable  and  gradual  increase  in 
deformation  with  continuance  of  pressure,  up  to  a  certain  limit,  which 
must  be  considered  in  the  correct  interpretation  of  test  results. 

Lean  Concrete. — In  discussing  time  effects  which  occur  during  the 
curing  of  concrete,  the  ijroperties  of  a  standard  1:2:4,  or  rich,  con- 
crete should  not  be  confused  with  those  of  a  poorer  concrete.  In  cases 
where,  through  ignorance  or  otherwise,  buildings  have  been  erected  in 
which  a  concrete  has  been  used  consisting  of  a  1  cement  to  6  bank  run 
of  gravel,  when  such  a  mix  was  no  better  than  1  cement  to  5  sand,  the 
quantity  of  cement  is  insufficient  to  fill  the  voids,  and  the  concrete  is 
not  solid.  Its  physical  properties  are  then  very  different  from  that  of 
a  standard  1:2:4  mix.  Such  concrete  will  continue  to  deform  with 
time  to  a  surprising  extent,  without  showing  many  noticeable  cracks, 
and  the  process  of  sagging  will  continue  apparently  without  definite 
limit  for  a  period  of  several  years.  It  is  evident  that  such  concrete 
should  be  avoided  as  wholly  unfit  for  building  purposes,  as  its  char- 
acteristics are  entirely  different  from  those  exhibited  by  a  suitable  mix, 
with  which  it  shoiild  not  be  confused. 
Mr.  Henry  T.  Eddy,*  Esq.  (by  letter). f — 1. — Fundamental  Equations. — 

In  case  the  rectangular  axes  of  x  and  y  lie  in  the  horizontal  neutral 
plane,  and  z  denotes  the  deflection  of  a  flat  slab  or  plate,  it  is  known 
that  the  correct  moment  equations,  are:}: 

in   which,   for  convenience,   K  is  used   to   express  Poisson's   ratio   of 

lateral  deformation,  in  place  of  the  expression  — ,  used  by  Mr.  Janni, 

m 

M^  and  M^  are  the  apparent  bending  moments  per  unit  of  width  of 
slab  due  to  the  applied  forces  or  loads  which  tend  to  cause  flexure 
of  lines  initially  straight  and  drawn  on  the  slab  parallel  to  the  axes 
of  X  and  y,  respectively. 

*  Minneapolis,  Minn. 

t  Received  by  the  Secretary,  June  26th,  1916. 

t  See  "Concrete-Steel  Construction",  Eddy  and  Turner,  Minneapolis,  1914,  p.  173. 
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These  equations  are  substantially  the  same  as  those  used  by  Grashof  Mr. 
in  his  classical  German  treatise  on  the  theory  of  elasticity  and 
strength  (1878),  and  copied  in  Lanza's  American  treatise  on  applied 
mechanics,  which  was  used  for  many  years,  since  about  1885,  as  a 
textbook  at  the  Massachusetts  Institute  of  Teclmology.  They  have 
been  accepted  universally  as  valid,  and  have  never  been  disputed  by 
any  competent  writer. 

These  equations  are  established  by  expressing  the  conditions  for 
the  statical  equilibrium  of  an  infinitesimal  rectangular  element  of  a 
plate  or  slab  supporting  an  element  of  load  and  subjected  on  its 
vertical  sides  to  vertical  shearing  stresses,  and  to  the  tensions  and 
compressions  arising  from  the  bending  moments  as  well  as  to 
the  horizontal  shears  due  to  twisting  moments.  These  comprise  all 
the  forces  that  can  possibly  act  on  the  element,  and  the  conditions  for 
equilibrium  are  the  sufficient  and  complete  expressions  for  the  exact 
solution  of  the  problem  in  hand.  Any  other  attempt  less  general 
than  this  must  of  necessity  be,  at  most,  more  or  less  of  a  tentative 
approximation,  if  indeed  it  can  be  designated  as  any  approximation 
at  all.  So  far  as  known,  no  such  attempt  has  had  any  success  in 
approximating  to  the  actual  stresses  or  deflections  shown  by  tests; 
and  the  solution  which  has  been  derived  from  Equations  (1)  has  been 
found  to  be  in  numerical  agreement  with  all  published  tests  and  many 
others  as  yet  not  published. 

Now,  the  fundamental  equations  used  by  Mr.  Janni  differ  from 
these  in  reality  only  in  one  point,  namely,  by  suppressing  and  leaving 
out  the  last  term  of  each  of  them.  That  this  is  the  fact,  however, 
is  not  entirely  apparent,  at  first  view,  because  Mr.  Janni  in  his 
mathematical  work  has  chosen  to  develop  the  subject  by  attempting 
to  modify  and  apply  the  equations  of  Professor  Fraenkel  for  beams, 
which  express  the  work  performed  during  deflection  by  an  assumed 
auxiliary  force  applied  at  the  point  where  the  deflection  is  measured. 
It  may  be  readily  shown,  however,  that  Fraenkel's  equations  are 
equivalent  to  the  ordinary  equation  of  flexure  of  a  beam  as  quoted  by 
Mr.  Godfrey,  namely, 

M  =  s  /  p. 

When  Mr.  Janni  says  it  is  known  that  the  expression  for  the 
work  is  given  by  his  Equation  (2),  the  writer  feels  compelled  to 
say  that  the  work  in  a  slab  or  plate  is  not  known  to  be  expressed 
correctly  by  this  Equation  (2),  because  it  is  incompatible  with  the 
accepted  Equations  (1)  given  by  the  writer,  besides  other  reasons 
which  will  be  given  later. 

The  only  criticism  that  Mr.  Godfrey  makes  of  Mr.  Janni's  equa- 
tions   is    that    they    involve    such    mathematical    complications    as    to 
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Mr.  prevent  most  engineers  from  being  able  to  judge  of  their  correctness. 
^^'^^'  lie,  himself,  does  not  suggest  that  they  are  incorrect,  and  he  is 
evidently  not  aware  that  they  are  incompatible  with  the  ordinary 
equation  of  flexure  which  he  quotes.  His  remarks,  however,  convey 
the  impression  that  he  had  understood  how  they  were  established; 
but,  since  they  are  in  fact  not  correct,  Mr.  Godfrey  cannot  have  under- 
stood how  they  were  derived  mathematically. 

It  is  possible  to  make  this  assertion  of  incompatibility  between 
these  equations  with  certainty,  notwithstanding  the  fact  that  M  in 
Equation  (2)  is  the  apparent  moment  of  that  part  of  the  total  load 
which  Mr.  Janni  has  arbitrarily  taken  as  acting  to  produce  M,  while 
the  M^  in  the  writer's  Equations  (1)  is  due  to  the  entire  load,  because 
Equations  (1)  enable  us  to  determine  the  shearing  stress  per  unit  of 
width  of  the  section  where  the  bending  moment  is  M^,  and  Mr.  Janni's 
arbitrary  distribution  of  the  total  loading  on  each  beam  strip  also 
determines  the  shearing  stress  in  that  strip.  This  last  differs  from 
that  previously  mentioned,  therefore  the  systems  are  incompatible. 
What  Mr.  Janni  has  in  effect  done  by  his  formulas  is  this : 

First,  he  has  reduced  the  deflection  below  that  of  a  separate  beam 
strip  by  assuming  the  entire  load  on  the  slab  to  be  arbitrarily  appor- 
tioned between  the  assumed  beam  strips,  which  cross  each  other  at 
right  angles  parallel  to  the  edges  of  the  panel.  Leaving  out  of 
account  all  question  as  to  how  this  would  agree  or  disagree  with 
some  other  assumption — such,  for  example,  as  diagonal  beam  strips — 
the  arbitrary  subdivision  of  the  loading  between  the  two  sets  of 
strips  cannot  pretend,  of  course,  to  any  mathematical  accuracy,  and 
would  have  to  give  way  before  any  mathematically  exact  method. 
There  is  a  much  more  accurate  investigation  of  this  kind  of  hypothesis 
due  to  Danusso  and  edited  by  von  Bronneck*  in  German,  on  concrete 
slabs  with  crossed  reinforcement,  in  which  the  strips  have  identical 
deflections  at  all  points  of  crossing,  instead  of  merely  on  the  center 
strips,  as  proposed  by  Mr.  Janni.  Since  the  beam  strips  of  Mr.  Janni 
are  not  required  to  have  identical  deflections  at  any  other  points  than 
along  the  middle  strips  of  the  panel,  his  method  is  necessarily  insuffi- 
cient to  secure  accurate  results. 

Secondly,  Mr.  Janni  further  reduces  deflections  by  introducing  the 
factor,  (1  —  K-),  arbitrarily,  so  far  as  appears  from  anything 
in  the  paper.  It  may  very  well  be  the  fact  that  this  factor  is 
involved  in  the  correct  equations,  as  it  is  in  fact  in  the  writer's  Equa- 
tions (1),  but  to  attempt  to  take  account  of  the  effect  on  any  given 
strip  of  the  adjacent  parallel  strips  by  the  insertion  of  this  factor 
is  entirely  unwarranted  unless  the  correctness  of  the  procedure  is 
otherwise  established. 

*  Ernst  and  Son,  Berlin,  1913. 
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However,  regardless  of  any  question  of  these  two  attempted   cor-   Mr. 
rections  of  beam  theory  to  make  it  apply  to  the  beam  strip   theory        ^' 
of  slabs,  Mr.  Janni  has  misvmderstood  and  incorrectly  used  Fraenl^el's 
equations  of  work  and  deflection   in  several   particulars,   for,   in   the 
tirst  i)lace,  his  Equation  (1)  is  incorrect,  and  should  read 

(1  L  =  —D  d  F 
2 

because  d  L  is  the  elementary  amount  of  work  performed  by  the 
elementary  force,  d  F,  when  it  is  gradually  applied  with  the  rest  of  the 
external  load  during  the  progress  of  the  deflection,  D. 

Mr.  Janni,  in  his  Equation  (1),  has  practically  assumed  that  d  F 
is  already  acting  on  the  beam  before  the  rest  of  the  external  load  is 
applied  to  it,  whereas  it  is  in  fact  a  part  of  that  load  and  subject  to 
the  same  conditions  as  any  other  part  of  it.  This  alteration  alone 
would  change  Mr.  Janni's  results  by  100%,  were  the  rest  of  the 
development  correct. 

There  is,  however,  another  error  involved  in  his  Equation  (2)  by 
which  the  error  in  Equation  (1)  is  nullified.  This  can  best  be 
appreciated  by  first  considering  the  external  moment,  M: 

Let  M  ~  the  total  external  moment,  including  F,  as  given  in  Equa- 
tion (4). 

Let  M  =  the  external  moment,  excluding  F,  as  given  in  Equation  (7)- 

Let  m  =  the  moment  of  F. 

Then  Jf  =  JH  +  m. 

Now,  in  Equation  (2),  if  we  disregard  the  factor,  (1  —  K-),  the 
work,  L,  should  be  that  performed  by  F  during  the  gradual  application 
of  the  total  load,  but  Equation  (2)  is  written  incorrectly,  for  it  con- 
tains the  factor,  il/-,  where  it  should  have,  in  place  of  this,  the  widely 
different  factor  M  m. 

These  errors  in  Equations  (1)  and  (2)  are  curiously  so  related, 
the  one  to  the  other,  that  Equation  (3)  is  the  same  as  would  be  obtained 
were  the  alterations  just  pointed  out  made  in  Equations  (1)   and  (2). 

It  appears,  therefore,  that  Mr.  Janni  did  not  understand  the  true 
import  of  his  Equations  (1)  and  (2).  Much  confusion  would  be 
avoided  in  this  paper  were  a  careful  distinction  observed  between 
the  moments,  M  and  M,  as  defined  by  Equations  (4)  and  (7),  since  M 
is  used  in  the  paper  for  either  the  one  or  the  other. 

It  follows,  also,  that  Mr.  Godfrey  did  not  comprehend  this  matter 
any  better,  although  he  did  not  say  so. 

Furthermore,  Mr.  Janni  has  introduced  the  same  two  arbitrary  re- 
ductions into  the  fundamental  stress  equation  for  beams  that  he  had 
already  attempted  to  introduce  into  his  equations  for  work  and  deflec- 
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Mr.    tion,  for  he  states  that  "the  general   equation  of   stability  given  by 
^'"'''-  theory"  is 

/  I  =  (1  -  A'')  ^, 

in  which  M  is  the  external  moment  due  to  the  arbitrary  and  inac- 
curately assumed  external  load  on  the  strip,  excluding  F,  while  /  is 
the  stress  in  the  steel  and  h  is  its  distance  from  the  neutral  axis. 
There  is,  however,  no  proof  of  the  fact  that  this  equation  is  given  by 
any  known  theory,  although  when  K  ^  0,  the  equation  is  the  correct 
ordinary  equation  of  the  stress,  /,  due  to  the  applied  moment,  M. 

In  view  of  these  two  corrections,  introduced  by  Mr.  Janni  into 
beam  theory  in  his  attempt  to  make  it  apply  to  beam  strips,  the 
question  should  be  fully  settled  by  him  whether  both  these  correc- 
tions are  required  at  one  and  the  same  time,  or  whether  he  should 
use  only  one  of  them,  and,  in  that  case,  which  one  is  required.  He 
could,  perhaps,  settle  that  question  by  comparing  his  results  with 
test  data.  It  is  not  probable,  however,  that  either  or  both  of  these 
corrections  will  bring  the  theory  into  good  agreement  with  observed 
results.  Unless  more  secure  foundations  can  be  established  for  Mr. 
Janni's  mathematical  superstructure  than  appear  in  this  paper,  no 
great  confidence  can  be  put  in  the  substantial  validity  and  accuracy 
of  his  conclusions. 

2. — Shrinhage,  Time  Ejfects  and  Variation  of  the  Modulus  of 
Concrete  with  the  Stress,  etc. — The  conclusions  of  Mr.  Jonson  are 
self-evidently  incorrect,  because  it  appears,  from  his  Equations  (8) 
and  (9),  that  fs  and  fg,  which  he  finds  to  be  proportional  to  m,  would 
vanish  in  case  m  =  0,  a  case  which  he  himself  admits  might  occur 
were  the  concrete  kept  wet  during  the  process  of  curing.  These 
absurd  results  are  due  to  the  fact  that  his  Fig.  3  does  not  represent 
correctly  the  relations  under  consideration. 

These  formulas  have  reference  to  the  theory  and  design  of  rein- 
forced concrete  beams,  a  subject  which  has  received  more  careful 
theoretical  and  experimental  attention  than  would  be  implied  from 
Mr.  Jonson's  remarks,  which  also  intimate  that  he  does  not  regard 
himself  as  having  done  more  than  indicate  the  path  along  which  a 
radical  revision  of  the  theory  now  current  should  proceed,  a  theory 
on  which  many  eminent  engineers  have  spent  their  very  best  efforts. 
The  failure  of  his  Equations  (8)  and  (9)  make  it  evident  that  his 
indications  are  incorrect. 

The  writer  finds  himself  unable  to  agree  in  ascribing  any  such 
controlling  effect  on  the  theory  of  beams  to  shrinkage  as  Mr.  Jonson 
thinks  occurs. 

Recourse  is  to  be  had  in  all  such  matters  to  scientific  experiment 
and  observation,  and  the  object  of  any  theory  is  to  give  a  rational 
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explanation    aud   co-ordination    of   the   observed    facts.      Perliaps    the    Mr. 

largest  sinprle  body  of  well-ascertained   data   on   reinforced   beams   is        ^' 

found   in   Technological   Paper   No.    2,    Bureau   of    Standards,   which 

reports  the  tests  on  333  beams  8  in.  wide,  11  in.  deep,  13  ft.  long,  and 

12  ft.  span,  loaded  at  the  one-third  points,  and  with  percentages  of 

reinforcement  varying  from  0.5  to  2  per  cent.     The  gauge  length  was 

29.25  in.     Four  different  kinds  of  concrete  were  used,  cinder,  gravel, 

broken  limestone,  and  broken  granite. 

The  one  noticeable  and  unmistakable  phenomenon  of  the  last  three 

kinds  of  beam  is  shown  in  the  graphs  in  which  the  abscissas  represent 

the  elongations  or  stresses  in  the  steel  at  mid  span,  and  in  which  the 

'    M 
ordinates  represent  either  7— r^,  or  the  load,  according  to  the  scale  used. 

All  these  graphs  have  a  pronounced  knee  at  a  unit  steel  stress  of 
about  5  000  lb.,  and  are  in  general  shape  like  those  found  in  tension 
tests  of  a  steel  rod  at  the  yield  point.  The  tests  of  cinder-concrete 
beams  also  yield  similar  results,  but  lack  to  some  extent  the  sharply 
defined  definite  shapes  of  those  just  mentioned.  Between  unit  stresses 
of  G  000  and  30  000  lb.,  the  graph  has  practically  a  uniform 
slope.  The  elastic  limit  of  the  steel  used  was  from  33  000  to  41  000 
lb.,  and  its  ultimate  strength  was  between  52  000  and  64  000  lb.  The 
working  and  test  stresses,  therefore,  lay  between  6  000  and  30  000  lb. 
The  important  question,  therefore,  is  this :  what  is  it  that  causes  the 
knee  at  a  unit  stress  of  about  5  000  lb.  ?  The  question  seems  to 
have  been  answered  in  a  paper*  by  Mr.  Duff  A.  Abrams,  on  "Tests 
of  Bond  between  Concrete  and  Steel,"  in  which,  besides  pull-out 
tests  of  embedded  rods,  Mr.  Abrams  reports  a  large  number  of  tests 
on  reinforced  beams  loaded  at  the  one-third  points.  He  finds  (page 
207)  that: 

"*  *  *  bond  between  concrete  and  steel  may  be  divided  into  two  prin- 
cipal elements,  adhesive  resistance  and  sliding  resistance.  *  *  *  The 
adhesive  resistance  must  be  overcome  before  sliding  resistance  comes 
into  action.  In  other  words,  the  two  elements  of  bond  resistance  are 
not  effective  at  the  same  time  at  a  given  point".  (Page  208.)  "If 
we  conclude  that  adhesive  resistance  was  overcome  at  the  first  measur- 
able slip,  it  will  be  seen  that  the  adhesive  resistance  was  about  60% 
of  the  maximum  bond  resistance.  This  ratio  did  not  vary  much  for 
a  wide  range  of  mixes,  ages,  size  of  bar,  condition  of  storage,  etc. 
*  *  *  Sliding  resistance  reached  its  maximum  value  for  plain  bars 
of  ordinary  mill  surface  at  a  slip  of  about  0.01  in.  The  constancy 
in  the  amount  of  slip  corresponding  to  the  maximum  bond  resistance 
for  a  wide  range  of  mixes,  ages,  size  of  bar,  conditions  of  storages,  etc., 
is  a  noteworthy  feature  of  the  tests.  With  further  slip  the  sliding 
resistance  decreased  slowly  at  first,  then  more  rapidly,  until  with  a 
slip  of  0.1  in.  the  bond  resistance  was  about  one-balf  its  maximum 

•  Bulletin  No.  71,  Engineering  Experiment  Station,   University  of  Illinois,  1913. 
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Mr.  value."  (Page  216.)  "Slip  of  bar  was  a  phenomenon  in  all  beam 
Eddy,  tggts  in  which  careful  slip  observations  were  made.  *  *  *  Slip 
was  first  observed  in  the  middle  region  of  the  span  at  loads  producing 
a  tensile  stress  in  the  steel  of  about  6  000  lb.  per  sq.  in.  *  *  *  As 
the  load  was  increased,  slip  of  bar  progressed  through  the  outer  thirds 
toward  the  ends  of  the  beam  at  a  rate  nearly  proportional  to  the 
increase  of  load." 

Without  making  further  quotations  from  this  important  paper,  it 
is  clear  that  any  initial  shrinkage  stresses  which  the  concrete  may 
exert  on  the  steel  are  limited  in  their  action  by  the  bond,  so  that  they 
have  no  important  effect  on  the  steel  after  it  reaches  a  unit  stress  of 
6  000  lb.,  and  therefore  they  need  not  be  considered  as  having  any 
influence  on  working  stresses  after  that.  The  knee  of  the  graph  of  the 
steel  stresses  in  beams  is  evidently  reached  when  the  adhesion  ends  and 
the  slip  begins  in  the  central  region,  which  later  progresses  into  the 
end  thirds,  this  masking  any  initial  shrinkage  effect. 

In  the  tests  of  these  simple  beams  (page  218)  "the  maximum  bond 
resistance  was  materially  increased  by  the  additional  overhang"  at 
the  ends  of  the  beams  beyond  the  supports.  In  continuous  beams  it 
is  evident  that  there  is  no  opportunity  for  the  rods  to  slip  at  the 
points  of  inflection,  as  they  may  at  the  ends  of  simple  beams,  and 
for  that  reason  such  beams  may  be  taken  as  having  a  very  long  over- 
hang. Slip  in  the  central  portion  of  a  simple  beam  makes  it  act 
more  and  more  like  a  bowstring  girder  as  the  slip  progresses  toward 
the  ends,  while  a  continuous  beam  has  this  tendency  checked  at  the 
points  of  inflection.  The  same  thing  occurs  in  a  flat  slab.  The  graphs 
of  the  reinforcing  rods  given  in  the  various  tests  of  flat  slabs  supported 
on  columns  exhibit  the  same  phenomenon  of  a  knee  as  do  simple 
beams,  but  usually  at  a  much  lower  unit  stress  than  6  000  lb. 

Apparently,  the  sharp  change  of  direction  of  the  graph  at  the 
so-called  knee  is  a  complex  result  dependent  both  on  shrinkage  and 
slip,  which  are  related  to  each  other  in  flat  slabs  somewhat  other- 
wise than  in  beams,  for  this  reason,  if  for  no  other,  that  such  slabs 
have  a  depth  not  much  more  than  half  as  great  as  beams  of  equal 
span,  and  the  shrinkage  grip  of  the  concrete  acts  somewhat  differently 
on  crossed  rods  than  on  parallel  rods.  These,  in  some  way,  apparently, 
bring  it  about  that  the  shrinkage  stresses  in  the  steel  in  flat  slabs  dis- 
appear at  much  lower  steel  stresses  than  in  beams,  and  the  slip  is 
restricted  to  a  small  area  at  and  around  the  column  caps,  so  that  the 
deflections  due  to  this  cause  in  the  case  of  beams  is  very  greatly 
reduced  in  the  case  of  flat  slabs. 

The  fact  that  the  graph  in  beams  is  practically  straight  within 
the  range  of  the  working  and  test  unit  stresses  from  16  000  to  30  000 
lb.,  and  that  the  "neutral  axis  usually  varies  by  much  less  than  10% 
of  the  depth  on  either  side  of  the  mid-depth,  and,  further,  that  the 
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center  of  compression  remains  practically  fixed  in  the  beam  for  con-    Mr. 
siderable  variations  of  n,  the  ratio  of  the  steel  and  concrete  moduli,  ^''^y- 
seem  to  destroy  the  cogency  of  Mr.  Jonson's  objections  to  the  treat- 
ment   of    reinforced    concrete    on    the    basis    of    a    suitably    modified 
elastic  theory. 

It  is  slabs,  however,  rather  than  beams,  which  should  claim  our 
principal  attention  in  this  discussion.  It  appears  that  the  most 
significant  phenomenon  exhibited  by  a  panel  supported  at  its  edges 
by  walls,  or  relatively  stiff  beams,  is  one  which  has  been  overlooked 
in  the  discussion  thus  far,  a  phenomenon  which  is  exhibited  by  both 
slabs  and  plates  in  common.  The  experiments  of  Bach  on  plates  sup- 
ported in  this  manner  showed  that  the  failure  of  such  plates  was 
caused  by  their  cracking  along  valley  lines  starting  from  each 
corner  of  the  panel  and  almost  exactly  bisecting  the  corner  angles, 
regardless  of  the  square  or  oblong  dimensions  of  the  panel. 

It  is  not  difiicult  to  imagine  how  this  would  occur,  for,  assume 
the  plate  to  be  supported,  to  begin  with,  on  corner  posts  only,  and 
after  it  has  been  deflected  and  has  bent  downward  under  the  loading, 
that  it  be  gradually  lifted  by  screw-jacks  which  raise  stiff  beams 
under  the  edges  of  the  panel.  In  this  way  it  is  evident,  at  any  time 
when  the  deflection  of  a  side  has  been  partly  removed,  that  there 
is  a  sudden  change  of  curvature  which  approaches  discontinuity 
between  the  part  of  the  slab  that  has  been  lifted  on  the  beam  and  that 
part  not  yet  lifted.  Such  a  valley  line,  by  reason  of  the  compara- 
tively sharp  curvature  across  it,  would  be  a  line  of  great  stress. 
Now,  the  analysis  which  has  been  proposed  does  not  deal  with  this 
phenomenon  at  all,  although  it  is  the  one  thing  of  primary  impor- 
tance. The  writer  has  attempted  to  treat  this  matter  in  the  book 
previously  referred  to,  and  he  knows  of  no  other  attempt  at  a  theory 
of  it.  The  attempted  theory  is  shown  to  be  in  good  accord  with  all 
available  tests.  Any  theory  which  ignores,  as  does  the  present  theory, 
this  the  most  noteworthy  experimental  phenomenon  of  a  thin  slab 
with  relatively  stiff  supports  at  the  edges  of  the  panels,  cannot  com- 
mand our  confidence,  at  least  until  it  can  be  shown  that  it  is  in 
accord  with  experimental  results  such  as  seem  to  be  totally  lacking  in 
this  development. 

3. — Ratio  of  Lateral  Distortion  in  Deformed  Slabs  and  Plates. — - 

The    ratio   of   lateral    distortion    designated   by   K  or   by   —     in     the 

m 

foregoing  theory,  which  has  been  called  Poisson's  ratio,  is 
in  fact  something  very  different  from  what  is  ordinarily  desig- 
nated by  that  phrase,  and  should  no  longer  be  called  by  that 
name.  Poisson's  ratio  is  the  relative  amount  of  the  lateral  com- 
pared with  the  longitudinal  distortion,  when  a  piece  of  material  such 
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Mr.  as  a  flat  plate  or  rod  is  elongated  or  shortened  by  direct  stress.  What 
^'  occurs  in  the  steel  when  a  reinforced  slab  is  subjected  to  bending 
is  something  quite  different  from  the  stretching  of  a  flat  plate,  and 
is  much  more  nearly  analogous  to  the  bending  of  a  plate  which  has 
been  stamped  with  a  die  into  a  pattern  with  alternate  hills  and  valleys 
or  dome-shaped  convexities  and  saucer-shaped  concavities,  since  that 
is  the  shape  of  the  enclosed  steel  mat  inside  of  a  flat  slab,  a  mat 
which,  by  reason  of  its  embedment  of  interlocking  concrete  and  its 
high  comparative  rigidity,  acts  not  like  a  flat  plate,  but  instead  like 
a  deformed  continuous  sheet  of  steel  composed  of  many  elevations 
and  depressions.  In  order  to  form  a  correct  idea  of  the  deformation 
of  such  a  sheet  on  bending,  imagine  a  single  saucer-shaped  concave 
plate  to  be  somewhat  bent  about  a  diametral  line.  One  diameter  of 
the  saucer  becomes  less  while  that  at  right  angles  becomes  greater. 
The  radius  of  curvature  of  the  normal  section  containing  the  smaller 
diameter  thus  becomes  smaller  while  the  radius  of  the  other  section 
becomes  greater.  The  necessary  connection  and  relation  of  these 
changes  of  curvature  and  the  accompanying  compressions  and  elonga- 
tions on  the  surfaces  of  the  plate  have  nothing  whatever  to  do  with 
the  molecular  phenomenon  which  controls  Poisson's  ratio,  but  are 
due  to  the  geometry  of  curved  surfaces  although  they  might  be  modi- 
fied somewhat  by  the  magnitude  of  Poisson's  ratio  for  the  particular 
materials  of  which  the  curved  plate  is  composed. 

It  is  evident  that,  for  a  plate  forming  a  segment  taken  from  a 
hollow  sphere  of  incompressible  material,  the  distortion  due  to  bend- 
ing it  would  be  such  as  to  make  the  lateral  and  longitudinal  distor- 
tions approximately  equal.  Thus  K  would  be  nearly  equal  to  unity 
for  such  a  substance,  no  matter  how  small  Poisson's  ratio  might  be; 
but,  in  such  a  plate,  formed  of  some  compressible  material, .  A'^  would 
be  smaller.  Its  actual  value  would  be  a  matter  of  experiment.  It 
is  this  ratio  of  distortion  of  deformed  plates  that  is  contained  in 
Equations  (1),  and  not  Poisson's  ratio  proper.  The  latter  plays  a 
very  subordinate  role  in  this  theory,  and  the  actual  value  of  this 
ratio  for  the  kind  of  material  used  has  little  or  no  relation  to  the 
value  of  K  that  must  be  used  in  these  equations.  It  may  be  noted 
further  that,  in  addition  to  the  curvatures  of  the  steel  in  the  slab,  the 
slab  itself  is  likely,  under  its  own  weight  and  as  an  after  effect  of 
loading,  to  have  some  small  deformations  of  a  kind  similar  to  those 
due  to  the  curvatures  of  the  steel  mat. 

The  steel  mat,  in  a  flat  slab  on  columns,  however,  does  not  consist 
entirely  of  convex  and  concave  areas,  for  between  these  lie  areas  of 
twisted  curvature  which  occupy  approximately  half  of  the  total  area 
of  the  slab.  The  mean  value  of  K  in  Equations  (1)  depends  in 
almost  equal  degree  on  these  areas  of  saddle-shaped  curvature  and 
on  those  that  are  convex  or  concave.     So  far  as  the  concurrent  evi- 
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denee  of  tests  go,  the  mean  value  of  K  for  flat  slabs  supported  on  Mr. 
columns  with  the  ordinary  arrangement  of  steel  is  ^  =  0.5,  although 
the  value  of  Poisson's  ratio  for  concrete  alone  certainly  is  not  half 
as  large  as  that.  The  manner  in  which  K  affects  the  deflections  and 
resisting  stresses  of  the  steel  is  by  the  reduction  factor,  (1  —  Z-), 
and  its  influence,  consequently,  is  much  less  than  is  often  tacitly 
assumed  by  those  who  reason  about  it,  as  may  be  seen  from  the 
following   tabulation : 

A'    =  0.1      0.2      0.3      0.4     0.5 
1  —  Z2  =  0.99,  0.96,  0.91,  0.94,  0.75 

from  which  it  appears  that,  for  values  of  K  less  than  0.2,  its  effect 
may  be  disregarded,  but  for  K  =  0.5,  the  effect  modifies  the  values 
obtained  by  disregarding  K  by  25%  at  most. 

So  far  as  is  known,  this  is  the  first  time  that  it  has  been  pointed 
out  that  the  value,  K,  which  must  be  used  in  equations  of  flat  plates, 
is  to  be  determined  principally  by  considerations  other  than  the 
molecular  properties  of  the  particular  materials  of  which  the  plate  is 
composed,  a  fact  which  obviates  the  many  criticisms  which  have 
been  passed  on  any  theory  iising  any  value  larger  than  that  found  for 
the  material  of  the  plate.  Those  criticisms  have  assumed  that,  with- 
out question,  the  true  value  of  Poisson's  ratio  for  the  materials  com- 
posing the  plate  must  of  necessity  be  used  in  Equations  (1),  which 
is  not  the  fact. 

The  tests  that  have  been  made  of  flat  slabs  on  columns  have 
shown  that,  when  the  steel  rmis  in  belts  over  the  columns,  the  stresses 
are  almost  entirely  limited  to  the  panels  which  carry  the  loads,  and 
little  effect  is  propagated  from  panel  to  panel.  This  has  been  thought 
by  some  to  be  due  entirely  to  the  stiffness  of  the  supporting  columns, 
as  it  undoubtedly  is  in  part;  but  the  foregoing  discussion  reveals  an 
additional  reason  why  the  stresses  in  a  panel  are  self-contained,  much 
as  it  would  be  were  it  an  arched  or  bow-string  girder  construction 
running  to  the  columns.  Such,  however,  is  not  the  case  to  such  a 
marked  extent  with  two-way  reinforcement  in  which  rods  cross  the  sides 
of  the  panels  at  mid-span  and  propagate  moments  more  readily  from 
panel  to  panel. 

In  the  first  of  these  constructions  there  are  only  comparatively 
small  movements  of  the  lines  of  inflection  when  a  single  tier  of  panels 
across  a  floor  is  subjected  to  a  test  load,  and  the  action  is  not  the 
same  as  it  would  be  in  a  wide  beam,  because  the  action  is  more  or 
less  like  attempting  to  collapse  or  flatten  out  a  corrugated  pipe  instead 
of  a  plain  pipe.  It  brings  out  the  resistance  of  the  reinforcement  in 
a  different  and  more  effective  manner. 

It  must  be  remembered  that  the  actual  statical  moments  of  given 
loads  in  any  panel  cannot  be  altered  by  any  process.     The  only  ques- 
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Mr.  tion  is  how  these  moments  are  subdivided  and  resisted  by  the  rein- 
^'  forcement.  Other  things  being  equal,  that  certainly  occurs  most 
economically  when  each  panel  is  influenced  least  by  adjacent  panels, 
and  at  the  same  time  each  panel  assists  its  surrounding  panels  as 
much  as  possible.  In  the  case  of  a  slab  supported  on  relatively  stiff 
beams  or  walls,  each  panel  is  largely  independent  of  surrounding 
panels,  and  the  lines  of  inflection  lie  relatively  near  the  beams.  The 
relative  flexibility  of  the  the  slab  is  so  large,  and  the  deflection  of  the 
beams  which  support  it  is  relatively  so  small,  that  the  effect  of  their 
deflection  is  less  important  than  seems  to  be  imagined  by  Messrs. 
Janni  and  Jonson,  and  is  negligible  compared  with  the  other  inaccu- 
racies of  the  method. 

L.  J.  Mensch,*  M.  Am.  Soc.  C.  E.  (by  letter)  .f— The  author's 
assumption  for  the  distribution  of  loading  of  the  central  strips  of 
a  rectangular  slab  is  probably  not  far  out  of  the  way;  yet  his  theory 
is  misleading,  because  it  is  as  little  proper  to  assume  that  the  average 
bending  moment  for  such  a  slab  should  be  figured  as  the  moment  of 
the  central  strips  as  it  would  be  to  assume  that  the  eye-bar  of  a 
pin-connected  bridge  is  strained  only  for  a  width  equal  to  the  diameter 
of  the  pin.  During  the  last  12  years  many  investigators  have  divided 
rectangular  slabs  into  a  number  of  strips,  thereby  obtaining  a  clearer 
view  of  the  behavior  of  the  slabs.  Danusso  went  further,:}:  and  in- 
vestigated the  influence  of  the  diagonal  strips  which  connect  the 
center  of  the  supporting  girders  and  others  parallel  to  them  and 
nearer  to  the  corners,  and  found  that  they  greatly  relieve  the  central 
strips.     According  to  his  theory,  the  average  bending  moment  for  a 

IV  l^ 
square  slab  freely  supported  on  four  sides  is  about  — — ,  and,  for  one 

30 

^«  ^'  .       , 
fixed  on  four  sides,  the  averaare  bendinsj  moment  is  about  -— -  m  the 

w  l^ 

center  of  the  span  and  — —  at  the  supports.     This  seems  to  agree  with 

nearly  all  recorded  tests  on  such  slabs. 

Very  instructive  tests  were  made  on  two  slabs  of  the  "Palais  de 
Costume"  at  the  Paris  World's  Fair  in  1902.  One  slab  was  about 
22  ft.  square,  6  in.  thick,  reinforced  by  |-in.  round  bars  about  6^  in. 
from  center  to  center,  and  supported  by  light  girders  on  very  light 
columns.  At  a  total  load  of  about  500  lb.  per  sq.  ft.  the  girders  and 
columns  were  at  the  point  of  failure,  and  the  girders  had  to  be 
supported  by  temporary  props  and  the  test  discontinued.  The  slab 
itself   did   not   show   any   sign   of  very   near   failure,   indicating   that 

*  Chicago,   111. 

t  Received  by  the   Secretary,   July  20th,   1916. 

t  II   Cemento.    1912. 
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the   negative   beudiug    nioinents;    produced   great    torsional    stre:?t)eiS    in      Mr. 

the    narrow    girders    and    dangerous   eccentric    loadings    in    the    light  '^^'"''■*i- 

columns   at   a   stage  of   loading   which   was   probably   only   two-thirds 

of  the  ultimate  carrying  capacity  of  the  slab.     Better  results  were 

obtained  with  another  slab,  about  21  by  24.5  ft.,  supported  on  girders 

18  in.  wide  and  24  in.  deep,  which  girders  were  of  considerably  greater 

span  than  the  slab  proper.     In  this  case,  also,  the  girders  failed  hrst, 

which   happened   at   a   loading   corresponding   to   an   average   bending 

w  l^ 
moment  in  the  slab  of  -7—;-.     The  slab  itself  did  not  show  any  very  near 

approach  to  failure. 

We  can  cite  also  the  very  thorough  tests  made  by  Professor  Bach, 
in  1914,  on  square  and"  rectangular  slabs  simply  supported  on  four 
sides.  For  comparison.  Professor  Bach  tested  also  beams  simply 
supported  on  both  ends,  having  the  same  depth  and  the  same  per- 
centage of  reinforcement  as  the  slabs.  The  diagonal  strips  (although 
the  reinforcement  ran  only  in  two  directions)  were  carrying  a  great 
part  of  the  load  on  the  slab,  as  was  shown  by  the  direction  of  the 
cracks  on  the  underside  of  the  slab,  and  the  average  moment  at  the 

w  V 
ultimate  load  was  found  to  be  about  —-7.      The    tests  on   rectangular 

slabs,  with  side  ratios  of  1 :  1^  and  1 :  2,  and  with  the  same  percentage 
of  reinforcement  in  both  directions,  gave  the  remarkable  result  that  the 
ultimate  load  per  square  foot  was  from  77  to  85%  of  that  obtained 
for  a  square  slab  the  length  of  the  sides  of  which  was  equal  to  the 
smaller  side  of  the  rectangular  slabs.  This  can  only  be  explained 
by  the  very  pronounced  action  of  the  diagonal  strips  and  by  the  fact 
that  the  limit  of  elasticity  is  first  reached  in  the  short  direction, 
producing  comparatively  large  deflections,  thus  allowing  the  longer 
span  to  take  up  the  remainder  of  the  load. 

The  waiter  heartily  agrees  with  Mr.  Jonson  that  the  theory  of 
reinforced  concrete,  as  found  in  nearly  all  textbooks,  ordinances,  and 
in  the  reports  of  the  Joint  Committee,  is  rather  crude,  and  should 
be  entirely  discarded.  The  theory  is  wrong  because  the  plane-section 
theory  and  Hooke's  law  do  not  apply  to  reinforced  concrete,  even  at 
ordinary  loads— a  fact  proved  by  Professor  Schule  14  years  ago — 
and,  as  may  be  expected,  is  far  from  the  truth  at  ultimate  loads. 
Because  we  encounter  very  great  difficulties  in  investigating  the 
properties  of  any  material  near  rupture,  making  it  practically  impos- 
sible to  measure  the  flow  or  plasticity  of  the  materials,  the  great 
mathematicians  of  about  100  years  ago  developed  theories  for  the 
strength  of  materials  based  on  stresses  below  the  elastic  limit,  which, 
although  they  were  a  great  improvement  over  the  guess  methods 
previously  used,  do  not  lead  to  constructions  having  the  same  factor 
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Mensch 


taught  to  allow  stresses  of  about  one-fourth  of  the  ultimate  strength 
of  the  materials,  and  have  trusted  ever  since  to  good  luck  that  our 
structures,  designed  according  to  these  rules,  have  a  factor  of  safety 
of  about  4. 

During  the  last  30  years  a  great  number  of  testing  laboratories 
have  been  erected  in  various  parts  of  the  world,  and  we  now  have 
more  information  about  the  strength  of  structures  than  ever  before. 
Very  slowly  the  fact  has  been  brought  out  that  our  theories  do  not 
explain  the  ultimate  strength  of  many  members  of  constructions, 
and  that  it  is  advisable  to  use  different  working  stresses  for  such 
members.  This  Society  has  recently  helped  to  make  most  thorough 
tests  on  structural  steel  columns.  No  theory,  according  to  the  old 
standards,  seems  to  fit  these  tests,  but,  if  we  take  into  considera- 
tion the  properties  of  steel  at  the  time  of  failure,  especially  the  fact 
that  the  modulus  of  elasticity  near  rupture  is  considerably  less  than 
the  initial  value  of  29  000  000  lb.  per  sq.  in.,  on  account  of  the  flow 
of  the  material,  and  if  we  introduce  the  correct  value  of  E  in  Euler's 
formula,    we   readily   obtain    a   good   agreement   between   theory    and 

I 
test.     Of  course,  where  —  is  lar^e,   the  ultimate  unit  stress  is  below 
r 

the  elastic  limit,  and  in  this  case  E  equals  29  000  000,  and  for  such 

long  columns  Euler's  formula  always  gave  satisfactory  results.    Similar 

discrepancies   in   old   established  theories   were   lately  found   also   for 

rolled  I-sections  in  bending,  and  there  is  no  doubt  that  tees,  angles, 

and  other  unsymmetrical   sections  will  show   still  greater  variations. 

If  such  is  the  case  with  a  homogeneous  material  like  steel,  we  may 

question  in  a  still  greater  degree  all  reinforced  concrete  theories  which 

are  based  on  Hooke's  law  and  the  plane-section  theory. 

The  writer  has  shown*  that  neither  the  plane-section  theory  nor 
Hooke's  law  is  required  to  explain  the  results  of  tests  on  reinforced 
concrete  girder  and  slab  construction  which  failed  without  bond  or 
diagonal  tension  failure. 

Fig.  4  rejjresents  the  ideal  stress  distribution  in  a  section  of  a 
beam  at  the  time  of  failure.  Let  /V  =  the  ultimate  strength  of 
concrete  in  ]x>unds  per  square  inch,  as  shown  in  cylinder  tests.  Let 
fs  =  the  ultimate  strength  of  reinforcing  steel  in  reinforced  concrete 
construction,  which  experience  shows  is  about  a  mean  between  the 
elastic  limit  and  ultimate  strength,  and  all  other  notations  as  given 
by  the  Joint  Committee,  then,  from  the  necessary  condition  that 
total  compression  equals  tension,  we  have 

--hkdf^^pl  d  ./; 

*  Jouriial,  Am.   Concrete   Institute,   December,   1914. 
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7  T    -    fs  Mr. 

M 


p  b  d  f,  ((?  -  -   k  (?)  =  p  b  d' ./;  (i  -  y  ^) 

./,(!-}  A) 

M  =  yl^.  /;./  (/,  when./  =    A   —  —   A  . 


6^ 


The  writer  has  shown  (in  the  paper  mentioned)  that  by  assuming 
fs  =  45  000  lb.  per  sq.  in.  for  mild  steel,  72  000  lb.  for  high-carbon 
steel,  and  110  000  lb.  for  commercial  high-carbon  drawn-steel  wire, 
the  ultimate  moments,  according  to  this  formula,  agree,  within  a 
small  percentage,  with  the  ultimate  moments  of  nearly  all  published 


kd 


Neutral  Axis 


<- 


P  bclfs 


-C.  of  coiiipressiou- 


scientific  tests  on  beams  which  he  could  find.     Hence,  the  value  of  n 

is  of  no  account  in  the  investigation  of  the  strength  of  a  beam.     In 

regard  to  its  probable  value  at  the  ultimate  load,  it  is  known  that  the 

steel   reinforcement   in   nearly   all   tests   first   shows   signs   of   failure 

before   the  concrete  is  highly  strained  in  compression,   which  means 

that  the  steel  reaches   and  exceeds  the  elastic  limit  long  before  the 

concrete  attains  it  in  compression ;  when  the  steel  exceeds  the  elastic 

limit,  E  drops  very  sudde^ily,  and  its  probable  value,  just  before  rupture 

of  a  reinforced  concrete  beam,  is  less  than   1  000  000  lb.  per  sq.   in. 

The   concrete   in    compression    is   not   as   plastic    as   steel,    and   it   is 

probable  that  its  modulus  of  elasticity  near  rupture  is  not  less  than 

from  300  000  to   500  000  lb.   per  sq.   in.,   or  the  probable  value  of  n 

1  000  000 

2,    and 


at   the    ultimate    load    = 


not — as   Mr.    Jonson 


500  000 

states — 30  or  40.  Mr.  Jonson's  statement  that  "all  calculations  of 
reinforced  concrete  made  on  the  assumption  that  the  ratio,  n  or  E 
divided  by  E^,  is  a  constant  are  unreliable  *  *  *"  shows  that  he 
is  not  familiar  with  the  literature  on  reinforced  concrete  or  statically 
indeterminate   structures.      Except   for   the   influence   of   temperature 
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Marsh 


generally  on  a  function  of  the  ratio  of  —^^    for    rectangular    sections. 


tures  never  depend  on  the  absolute  values  of  E  I,  but  on  a  function 
of  the  ratio  of  the  value  oi  E  I  at  any  particular  point,  x,  to  a  fixed 
value  oi  B  I  at  any  important  point.  Where  E  I  is  constant,  the 
moment  of  inertia  has  no  influence  whatsoever  on  the  stresses  caused 
by  the  indeterminate  values,  and,  where  I  varies,  the  stresses  depend 

(I. 

Assuming  even  that  the  moment  of  inertia  is  not  proportionate  to  the 

3d   power   of   the    depths    of    the    section,    ^he   mistake   appears    only 

in  a  function  of  the  ratio,  and  is  of  small  influence;   a  mistake  of 

100%  in  the  moment  of  inertia  causes  often  a  change  in  the  stresses 

of  only  a  few  per  cent. 

Professor  Morsch  investigated  this  subject  about  8  years  ago  and 

found    a    very    fair   agreement   between    theory    and    practice.      More 

scientific  tests  were  made  by  Professor  Scheit  and  Mr.  E.  Probst  on 

continuous  girders  on  three  to  five  supports.     It  is  well  known  that, 

in  a  girder  of  constant  moment  of  inertia,  on  three  equidistant  sup- 

Wl 
ports,  the  statically  unknown  moment  over  the  central  support  is  — — . 

o 

Their   tests   showed   that   the  girder   failed   at   the   moment   over   the 

Wl 
central    support    of    .     The    actual    bending    moment   is    smaller 

than  that  given  by  the  elastic  theory,  which  is  easily  explained  by 
the  fact  that  the  elastic  limit  over  the  supports  is  reached  long 
before  the  center  of  the  spans  is  strained  to  the  elastic  limit,  which 
has  an  effect  of  equalizing  the  moments  over  the  supports  and  in 
the  center  of  the  span.  These  investigators  obtained  similar  results 
for  girders  on  four  and  five  supports  and  for  framed  structures. 

The  influence  of  shrinkage  of  concrete  on  the  strength  of  rein- 
forced concrete  beams  is  not  solved  yet,  but  is  being  thoroughly  in- 
vestigated at  present  by  the  United  States  Bureau  of  Standards. 
The  tests  made  by  Richard  L.  Humphrey,*  M.  Am.  Soc.  C.  E.,  show 
that  beams  1  year  old  were  always  stronger  than  those  4,  13,  or  26 
weeks  old;  which  does  not  indicate  that  shrinkage  unfavorably  affects 
beams  13  ft.  long  reinforced  with  from  0.5  to  2%  of  steel. 
Mr.  Charles   F.   Marsh,!  M.   Am.   Soc.   C.  E.    (by  letter).:}: — The  co- 

efficients commonly  used  in  Great  Britain,  for  obtaining  the  propor- 
tions of  the  bending  moment  acting  transversely  and  longitudinally 
in  slabs  supported  on  four  sides,  are  obtained  from  the  formulas  of 
Grashof  and  Rankine,  or  those  recommended  by  the  French  Govern- 
ment Commission  on  Reinforced  Concrete. 

—I — rr~=n 

*  Technologic  Paper  No.  2,  Bureau  of  Standards. 

t  London,  England. 

t  Received  by  the  Secretary,  July  19th,  1916. 
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An  inspection  of  the  values  given  by  tlu^se  formulas  will  show  that    Mr. 
in    both    eases    the    transverse    coefficient    approaches    unity    as    the  ^^^^^ 

I, 
ratio,  -j-,  increases,  but  never  reaches  tliis  vjiliie:  and  the  longitudinal 

coetiicient  approai-hes  but  never  reaches  zero  as  the  ratio,  -^,  increases, 

and,  from   the  nattire  of  the  case,   these  would   appear  rational   and 

obvious  results. 

By   the   use    of   Mr.    Janni's    formulas,    the    transverse    coefficient 

I  5 

is  unitv  and   the   longitudinal  coefficient  is  zero   when  —^  =  — ,  and 

Z  3 

I  5 

their  use  for  ratios  of  -y^  greater  than   _    gives  a  transverse  coefficient 

greater  than  unity  and  a  minus  quantity  for  the  longitudinal 
coefficient.  Such  results  do  not  impress  one  as  being  in  accordance 
with  the  facts. 

Mr.  Janni  obtains  his  formulas  by  considering  the  slab  as  divided 
into  systems  of  beams  parallel  to  the  short  and  long  sides  of  the  slab 
and  equating  their  deflections  at  the  center;  the  formulas  of  Grashof 
and  Kankine  are  obtained  by  the  same  method. 

The  introduction  of  the  effect  of  Poisson's  coefficient  is  doubtless 
essential,  from  an  academic  point  of  view,  but  the  practical  utility  and 
accuracy  of  the  results  are  of  doubtful  value,  especially  when,  as  a 
preliminary,  the  important  assumption  is  made  that  the  moment  at  P 
is  reduced  to  two-thirds  of  its  theoretic  value  by  reason  of  the  doubt- 
fulness as  to  the  efficiency  of  the  fixation. 

With  respect  to  Mr.  Jonson's  discussion,  it  might  be  well  to  point 
out  that  the  generally  accepted  methods  of  treatment,  working  stresses, 
and  coefficients  were  recommended  by  the  various  authorities  after 
full  consideration  and  knowledge  of  the  general  effect  of  the  various 
influences  other  than  those  actually  provided  for  in  the  formulas,  and 
there  appears  to  be  no  reason  to  doubt  that  structures  designed  by  the 
use  of  such  formulas  and  the  stresses  and  coefficients  recommended 
will,  if  properly  constructed,  be  amply  sufficient  to  serve  the  purposes 
for  which  they  are  designed. 

The  initial  strains  due  to  the  shrinkage  of  the  concrete  when  set- 
ting do  without  doubt  have  an  effect  on  the  structure,  but  other  con- 
ditions also  affect  the  resistance,  such  as  loading  and  unloading,  tem- 
perature and  humidity,  the  greater  facility  of  the  reinforcements  than 
of  the  concrete  in  recovering  after  straining,  etc. 

In  any  case,  it  is  very  doubtful  whether  Mr.  Jonson's  conclusions 
with  respect  to  the  effect  of  the  initial  strains  due  to  shrinkage  are 
correct,  and  it  is  more  than  probable  that  these  strains  would  add  to 
the  resistance  of  a  reinforced  concrete  member. 
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Mr.  Shrinkage  of  the  concrete  induces  compressive  stress  in  the  rein- 

forcements and  tensile  stress  in  the  concrete  and,  in  the  case  of  a 
member  subjected  to  flexure,  if  the  concrete  does  not  crack  on  the 
compression  side  of  the  neutral  axis,  the  resistance  of  the  member  is 
increased;  but  if  the  concrete  cracks,  as  the  initial  stresses  are  in- 
duced before  the  cracking  occurs  and  the  crack  must  close  up  before 
the  concrete  can  be  stressed  by  the  loading,  the  initial  strain  of  the 
reinforcement  must  be  removed,  leaving  matters  as  they  were  before 
the  shrinkage. 

In  the  case  of  a  member  under  direct  compression,  the  initial  com- 
pressive stress  on  the  steel  added  to  the  compressive  stress  due  to 
loading  will  never  approach  the  permissible  working  stress  on  the 
steel. 

From  the  results  of  published  experiments  it  would  appear  that 
the  value  of  Em  for  1:2:4  concrete  is  not  likely  to  have  a  range 
greater  than  from  —  3  000  when  the  setting  takes  place  in  water 
to  -|-  6  000  when  the  setting  takes  place  in  air. 

With  respect  to  the  value  of  the  coefficient,  n,  it  is  well  known  and 
recognized  that  its  value  may  vary  between  wide  limits,  and  that  the 
value  used  in  calculations  must  necessarily  be  in  a  great  measure 
hypothetical. 

Many  experiments  have  been  made  with  the  object  of  ascertaining 
a  proper  value  for  this  coefficient,  and  the  results  have  varied  con- 
siderably, which  is  hardly  surprising,  considering  the  nature  of  the 
material  under  test. 

Mr.  Jonson  concludes,  from  certain  recently  conducted  experi- 
ments, that  the  modulus  of  elasticity  of  concrete  decreases  with  age, 
whereas  similar  experiments  in  the  past  have  indicated  an  increase. 
From  a  careftd  study  of  experiments  bearing  on  the  value  of  this 
modulus  conducted  up  to  about  1908,  it  was  concluded  that  a  fair 
average  value  was  about  1  740  000  under  a  stress  of  600  lb.  per  sq.  in., 
giving  n  a  value  of  about  17^,  but  that  the  tendency  of  the  concrete 
to  take  a  permanent  set,  while  the  steel  was  truly  elastic,  would  have 
an  effect  equivalent  to  a  decrease  in  the  value  of  n,  and,  consequently, 
it  was  concluded  that  the  adoption  of  a  value  of  15  for  n  was  a 
reasonable  assumption.  It  was  also  found  that  the  resiilts  of  actual 
experiments  on  reinforced  concrete  beams  justified  this  value. 

The  treatment  of  continuous  construction  as  consisting  of  a  series 
of  cantilevers  supporting  beams  at  their  ends  is  a  method  which  is 
frequently  adopted,  but  its  accuracy  is  questionable,  especially  where 
the  loading  may  vary  and  the  spans  are  unequal. 

For  the  ordinary  floor  design,  it  would  appear  that  approximate  co- 
efficients for  the  bending  moments,  such  as  those  given  in  the  London 
County  Council  Regulations,  might  be  used  with  perfect  safety  and 
with  a  great  simplification  of  the  calculations. 
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Charles  W.  Martin,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The    Mr. 


writer  has  read  this  paper  with  some  interest,  but,  save  for  a  "look  in" 
at  the  general  principles,  has  made  no  attempt  to  follow  the  theoretical 
analysis. 

In  the  design  of  reinforced  concrete  bridges  and  viaducts  for  the 
City  of  St.  Louis,  the  writer,  from  time  to  time,  has  given  consider- 
able thought  to  the  matter  of  expansion  joints  and  stresses  generated 
by  changes  of  temperature.  At  the  first  glance  through  Mr.  Gregg's 
paper,  he  was  somewhat  amazed  at  the  high  stress  units  tabulated 
for  the  structure,  with  the  several  arrangements  of  joints  and  bear- 
ings as  described. 

In  a  series  of  spans,  temperature  changes  generate  two  distinct 
combinations  of  forces:  bending  combined  with  shear  in  the  piers, 
and  axial  forces  combined  with  bending  in  the  deck.  The  magnitude 
of  these  forces  varies  directly  with  the  moment  of  inertia  of  the  pier 
sections  in  any  given  system  of  spans  and  piers.  Thus  it  happens 
that,  as  in  the  case  of  the  design  of  flat  arch  ribs  subject  to  tempera- 
ture changes,  one  frequently  finds  that,  to  reduce  the  stresses  in 
the  structure,  he  must  make  certain  parts  more  flexible.  In  the 
design  of  a  series  of  spans  and  piers,  relief  from  high  temperature 
stresses  is  obtained  by  a  reduction  of  the  pier  sectioning. 

The  structure  which  Mr.  Gregg  has  selected  to  illustrate  his 
theory  has  an  extremely  inflexible  arrangement  of  skewed  piers,  and 

•  This  discussion  (of  the  paper  by  Tresham  D.  Gregg,  Assoc.  M.  Am.  Soc. 
C.  E.,  published  in  February,  1916,  Proceedings,  but  not  presented  at  any  meeting) 
is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before 
all   members   for   further   discussion. 

t  St.    Louis.   Mo. 

%  Received  by  the   Secretary,   June   3d,    1916. 
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Mr.  to  this  is  due,  in  accordance  with  his  analysis,  the  unusually  high 
temperature  stresses.  Here,  the  characterization  "unusually  high" 
is  used  advisedly,  partictilarly  as  regards  the  axial  stresses  for  the 
spans  in  his  Cases  4  and  6  of  Table  1,  for  if  one  considered  any  span 
absolutely  restrained  from  change  in  length,  the  temperature  stresses 
would  not  greatly  exceed  those  reported. 

Although  the  principle  of  Mr.  Gregg's  theory  may  be  quite  useful, 
the  writer  thinks  he  was  unfortunate  in  the  selection  of  a  trial  struc- 
ture. With  a  structure  in  which  the  piers  have  such  a  skew,  the 
critical  guess  one  has  to  make  is  as  to  the  direction  of  the  principal 
distortions.  Mr.  Gregg  has  assumed  that  these  act  parallel  to  the 
longitudinal  axis  of  the  structure,  whereas  actually  to  do  the  '%ast 
work",  these  principal  distortions  will  act  in  some  oblique  direction 
which  will  depend  on  the  skew  of  the  piers  and  the  lateral  restraint 
at  the  ends  of  the  outmost  spans. 
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By  Messrs.  E.  C.  La  Kue,  George  M.  Bacon,  H.  A.  Petterson,  and 

D.  C.  Henny. 


E.  C.  La  EuE,t  Assoc.  M.  Am.  Sog.  C.  E.  (by  letter). + — This  paper  Mr. 
will  be  of  exceptional  interest,  for  only  meager  data  are  available  *  "^" 
relating  to  the  proper  design  of  an  earth  dam  having  a  gravel  founda- 
tion. The  partly  completed  dam,  described  by  Mr.  Hays,  formed  a 
part  of  an  irrigation  project  on  which  the  writer  has  prepared  a  water 
supply  report.  He  has  also  examined  the  dam  site,  and  is  therefore 
specially  interested  in  the  paper. 

In  some  parts  of  it  the  author  has  not  made  clear  the  procedure 
followed  in  his  experimental  work.  For  example,  in  determining  the 
hydraulic  gradient  of  the  material  used  in  the  original  dam  and 
that  to  be  used  in  the  upper  portion  of  the  actual  structure,  the  de- 
tails of  the  methods  are  not  made  clear.  The  writer  is  in  doubt  as 
to  the  following  points: 

1. — When  the  readings  were  taken,  was  the  quantity  of  water  leav- 
ing the  same  as  that  entering  the  tank? 

2. — Before  the  soil  was  placed  in  the  tank,  were  tests  made  in  order 
to  determine  the  head  required  to  force  the  water  through  the  valve? 
If  the  coarse  materials  were  tested  to  determine  the  hydraulic  gradient, 
then,  with  the  same  quantity  of  water  flowing  into  the  empty  tank 

*  Discussion   of   the  paper  by   James   B.   Hays,   Jun.    Am.    Soc.    C.   B'.,    continued 
from  May,  1916,  Proceedings. 
t  Salt   Lake  City,   Utah. 
$  Received   by  the  Secretary,   May   8th,   1916. 
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Mr.  as  that  used  in  the  test,  the  head  required  to  force  this  water  through 
the  valve  could  be  determined.  If,  during  such  tests,  it  was  found  that 
the  water  level  in  the  tank  was  above  the  intake  to  the  lower  glass 
tube,  then  the  author's  results  are  in  error.  During  the  tests,  with  the 
soil  in  the  tank,  the  head  required  to  force  the  water  through  the  valve 
would  be  effective  to  a  higher  level  in  the  tank.  It  is  probable  that 
the  water  level  in  the  lower  tube  was  not  affected  in  the  manner 
referred  to,  but  the  author  has  not  made  this  point  clear. 

On  page  323,*  in  referring  to  the  North  Dike  of  the  Wachusett 
Dam,  Mr.  Hays  states : 

"A  flat  hydraulic  gradient,  caused  by  the  water  in  the  reservoir 
seeping  under  the  dam,  called  for  a  large  quantity  of  material,  in  order 
to  withstand  the  upward  pressure  under  the  down-stream  portion  of 
the  dam." 

In  referring  to  the  Gatun  Dam,  he  states: 

"A  flat  down-stream  slope  causes  the  percolating  water  to  travel  a 
long  distance  before  a  free  opening  is  encountered,  thus  causing  the 
upward  pressure  to  be  consumed  by  friction." 

As  the  down-stream  sections  of  these  dams  are  constructed  of 
pervious  material,  the  water  cannot  exert  an  upward  pressure  on  their 
bases.  Probably  the  author  means  that  the  flat  hydraulic  gradient 
makes  it  necessary  to  construct  the  down-stream  section  of  the  dam 
with  a  flat  slope  in  order  to  prevent  the  line  of  saturation  from  inter- 
secting the  down-stream  face  of  the  dam  above  the  toe. 

On  page  333,*  in  referring  to  the  hydraulic  gradient  for  the  selected 
material  to  be  used  in  the  upper  section  of  the  actual  structure,  the 
author  says:  "From  this  it  was  assumed  that  the  hydraulic  gradient 
was  not  greater  than  1 :  1,  although  it  was  evidently  much  steeper." 
This  statement  is  not  consistent.  It  would  appear  that  he  meant  to 
say  that  the  hydraulic  gradient  was  not  less  than  1 :  1,  and  it  was 
evidently  much  steeper. 

On  page  333,*  in  referring  to  the  model   dam,   the   author   says: 

"The  long  up-stream  slope  was  given  in  order  to  allow  the  down- 
ward pressure  of  the  water  over  the  up-stream  section  to  have  a  balanc- 
ing effect  on  the  upwafd  pressure  beneath  the  dam,  as  blow-outs  would 
be  improbable  in  this  portion  of  the  dam." 

Although  the  down-stream  pressure  of  the  water  over  the  up-stream 
section  does  have  a  balancing  effect  on  the  upward  pressure  beneath  the 
dam,  this  surely  was  not  the  reason  for  adopting  a  "long  up-stream 
slope".  The  author  assumes  that  the  material  in  the  up-stream  section 
will  be  practically  water-tight.  It  would  appear,  therefore,  that  the 
*  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1916. 
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flat    up-stream    slope   was    adopted    in    order    to    force    the    hydraulic     Mr. 
gradient  to  begin  farther  up  stream. 

The  author  concludes  that,  with  10  in.  of  water  in  the  reservoir 
above  the  model  dam,  the  head  is  entirely  consumed  before  the  water 
reaches  the  lower  toe  of  the  dam.  Using  Test  No.  17,  Table  3,  the 
writer  has  drawn  lines  of  equal  pressure,  and  from  these  produced  the 
lines  representing  approximately  the  direction  of  flow  through  the 
foundation  of  the  model  dam.  The  direction  of  flow  was  downward 
in  that  portion  of  the  foundation  above  the  sheet-piling.  Below  the 
sheet-piling  the  flow  lines  rose  slightly  and  then  appeared  to  turn  in 
the  direction  of  the  drain  valve,  shown  in  Fig.  8.  If  the  pressure  had 
been  observed  at  various  points  in  the  foundation  below  the  lower  toe, 
there  is  no  doubt  that  it  would  have  shown  conclusively  that  the  direc- 
tion of  flow  was  toward  the  drain  valve.  Mr.  Hays  has  showni  the 
hydraulic  gradient  for  the  material  used  in  the  foundation  to  be 
about  1 :  9.  With  a  free  escape  for  the  water,  as  is  provided  by  the 
drain,  little,  if  any,  pressure  would  be  observed  immediately  above  the 
drain  valve.  Extending  the  hydraulic  gradient  back  from  the  drain 
valve  with  a  slope  of  1:9,  it  will  be  seen  to  intersect  the  line  repre- 
senting the  base  of  the  dam  at  a  point  2  160  ft.  above  the  drain,  or 
1  040  ft.  up  stream  from  the  upper  toe  of  the  actual  dam.  All  the  pres- 
sure observations  taken  by  the  author  must  have  been  affected  bj  the 
drain.  Under  these  conditions,  the  water  could  not  rise  to  the  base 
of  the  dam  near  the  lower  toe.  In  the  model,  the  author  has  imposed 
conditions  which  would  not  be  reproduced  in  actual  practice.  If  the 
dam  is  to  operate  under  the  same  conditions  as  the  model,  then  360 
ft.  below  the  lower  toe  of  the  dam  a  trench,  240  ft.  deep  and  40  ft. 
wide,  must  be  constructed  across  the  canyon.  This  trench  must  be 
filled  with  large  stone,  in  order  to  provide  a  perfect  drain.  In  the 
bottom  of  the  trench,  or  at  the  240-ft.  level,  there  must  be  openings 
with  sufficient  capacity  to  carry  off  the  water  as  it  arrives.  The  water 
must  then  be  conveyed  to  a  reservoir  of  infinite  capacity.  In  the 
model,  the  drain  should  be  216  in.  from  the  lower  toe,  instead  of 
36  in.,  or  it  will  affect  the  water  pressure  under  the  base  of  the  dam. 
If  the  writer's  contentions  are  correct,  the  results  of  the  author's  ex- 
periments are  of  little  practical  value. 

That  the  drain  referred  to  has  affected  seriously  the  results  of  the 
experiments  is  indicated  by  the  excessive  seepage  through  the  founda- 
tion of  the  model.  In  Test  No.  17,  Table  3,  the  seepage,  per  linear  foot 
of  the  model,  was  0.00222  cu.  ft.  per  sec.  The  slope  of  the  line  of 
saturation  in  the  model  is  assumed  to  be  the  same  as  that  of  the  actual 
dam.  The  length  of  travel  in  the  model  is  proportional  to  that  of  the 
actual  dam.  The  head  and  all  other  dimensions  in  the  model  being 
proportional  to  those  of  the  actual  dam,  the  seepage  through  the  latter, 
per  linear  foot,  will  be  120  times  that  through  the  model  per  linear 
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Mr.  foot.  The  length  of  the  actual  dam  is  to  be  2  000  ft.,  and  its  left  end 
a, Rue.  ^^Yi  extend  into  a  bank  of  gravel  similar  to  that  which  is  to  compose 
the  foundation.  Considerable  excavation  will  be  necessary  in  order 
that  the  water-tight  section  of  the  dam  can  be  carried  well  into  this 
bank.  It  is  assumed  that  the  area  exposed  to  water  pressure  will  be 
equivalent  to  the  area  of  1  200  ft.  of  maximum  section.  The  seepage 
through  the  actual  dam,  therefore,  would  be  120X1200X0.00222, 
which  equals  320  cu.  ft.  per  sec. 

Mr.  Hays  has  not  disproved  the  "line  of  creep"  theory.  In  the 
first  test,  with  the  two  rows  of  sheet-piling,  he  found  a  small  loss  of 
head  at  the  upper  row  of  piling.  This,  no  doubt,  was  due  to  water 
passing  through  the  upper  section  of  the  dam  and  entering  the  founda- 
tion both  above  and  below  the  upper  row  of  sheet-piling. 

The  pressure  at  D,  Fig.  8,  below  the  lower  row  of  sheet-piling,  was 
no  doubt  due  to  the  water  from  the  upper  section  of  the  dam  entering 
the  foiindation  between  the  piling  and  the  cut-off  wall.  In  fact,  the 
drain  would  prevent  the  water  from  rising  to  D  after  passing  below 
the  lower  row  of  sheet-piling.  If  Mr.  Hays  will  place  the  drain  216  in. 
below  the  lower  toe  of  the  model  dam,  separate  the  upper  section  of 
the  dam  from  the  foundation,  with  a  sheet  of  tin,  and  connect  the  tin 
with  the  cut-off  wall  and  the  two  rows  of  sheet-piling  with  water-tight 
joints,,  then  the  hydraidic  gradient  will  begin  at  the  upper  toe.  Under 
these  conditions,  the  effect  of  the  two  rows  of  sheet-piling  can  be  de- 
termined, and  undoubtedly  the  "line  of  creep"  theory,  somewhat 
modified,  will  prove  to  be  correct.  That  is,  instead  of  following  down 
one  side  of  the  sheet-piling  and  up  the  other,  thence  along  the  base  of 
the  dam  to  the  second  row  of  sheet-piling,  etc.,  the  water  will  follow 
down  the  upper  side  of  the  first  row  of  sheet-piling  and  thence  in  the 
general  direction  of  the  lower  end  of  the  second  row  of  sheet-piling. 

Assuming  that  there  were  no  other  defects  in  the  model,  the  writer 
believes  the  results  of  the  tests  to  be  unreliable  for  the  following 
reasons : 

1. — The  model  dam,  being  only  11  in.  high,  and  subjected  to  a  head 
of  10  in.  of  water,  the  entrance  head  and  capillary  action  would,  no 
doubt,  affect  the  hydraulic  gradient  to  such  an  extent  that  the  pres- 
sure observations  in  the  model  would  not  indicate  the  action  of  the 
water  in  the  final  structure,  where  similar  material  will  be  subjected 
to  a  head  120  times  greater  than  that  on  the  model. 

2. — The  model  dam  was  constructed  of  the  same  material  as  that 
to  be  used  in  the  actual  structure.  It  would  seem  that  the  material 
for  the  former  should  have  been  coarser  than  that  to  be  used  in  the 
latter.  The  ratio  between  the  coarseness  of  the  materials  in  the  two 
structures,  which  would  result  in  the  action  of  the  water  on  the  model 
being  comparable  to  that  on  the  actual  dam,  could  perhaps  be  de- 
termined by  extensive  experiments. 
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The  writer  makes  the  following  suggestions :  Mr. 

1. — That  the  author  construct  a  model  which  will  represent  ex- 
actly the  original  dam  as  it  was  to  have  been  built.  It  is  probable 
that  the  results  of  tests  on  this  model  would  show  the  structure  to  be 
safe,  pro^aded  the  model  were  constructed  with  the  drain  36  in.  below 
the  lower  toe.  As  a  matter  of  fact,  with  a  head  of  24  ft.  on  the  actual 
dam,  the  water  passed  freely  through  the  partly  completed  structure. 

2. — That  the  author  could  obtain  more  reliable  information  from  a 
series  of  tests  on  models  1,  2,  4,  8,  and  12  ft.  in  height,  provided  the 
drain  shown  in  Fig.  8  were  placed  at  a  section  216  in.  down  stream 
from  the  lower  toes  of  the  respective  dams.  From  the  results  of  the 
experiments  with  each  of  these  models,  it  is  possible  that  some  sort 
of  a  curve  could  be  prepared  which  might  be  extended  to  show  ap- 
proximately the  action  of  the  water  on  the  final  structure  under  a 
head  of  100  ft. 

Conclusions. — 

1. — The  author  has  not  stated  clearly  how  each  experiment  was 
carried  on.  In  some  places  it  is  necessary  for  the  reader  to  assume 
that  the  experiment  was  conducted  under  certain  imposed  conditions. 

2. — The  model  dam  used  by  the  author  was  too  small  to  give  reliable 
results. 

3. — The  pressure,  at  all  points  observed  in  the  tests,  was  affected 
by  the  drain;  therefore,  the  results  of  the  experiments  are  of  little 
practical  value. 

4. — The  drain  in  the  model  should  have  been  placed  216  in.  below 
the  lower  toe,  instead  of  36  in. 

5. — The  author  has  not  disproved  the  "line  of  creep"  theory. 

6. — It  woTild  appear  that  too  much  dependence  was  placed  on  the 
impermeability  of  the  material  in  the  upper  section  of  the  dam. 

7. — If  the  dam,  as  designed,  were  constructed  to  operate  under  the 
conditions  imposed  in  the  model,  the  flow  under  it  would  be  about 
320  cu.  ft.  per  sec. 

8. — It  is  the  writer's  opinion  that  the  sheet-piling  should  be  placed 
beneath  the  core-wall.  If  the  core-wall  in  the  partly  completed  dam  is 
to  be  used,  then  the  sheet-piling  should  be  placed  near  the  core-wall 
on  the  up-stream  side.  A  water-tight  connection  should  be  made 
between  the  core-wall  and  the  sheet-piling.  The  writer,  being  some- 
what familiar  with  the  conditions  at  the  dam  site,  feels  that,  at  best, 
there  will  be  considerable  seepage  under  the  dam,  and  for  this 
reason  he  would  suggest  that  the  slope  of  the  down-stream  face,  below 
the  30-ft.  berm,  be  made  as  flat  as  3J :  1  or  4 :  1.  The  proper  slope  for 
the  down-stream  face  could  no  doubt  be  determined  by  extensive  tests 
on  a  series  of  properly  designed  models  of  various  heights. 


Petterson 
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Mr.  George  M.  Bacon,*  M.  Am.  Soc.  C.  E.  (by  letter) .f — The  main  ob- 

■  jection  to  drawing  conclusions  from  these  experiments  seems  to  be  the 
assumption  that  the  foundation  as  composed  for  the  model  represents 
sub-surface  conditions  at  the  dam  site,  an  assumption  hardly  correct. 
What  part  of  the  fovmdation  in  the  model  corresponds  to  the  actual 
condition  on  the  ground,  which  allowed  sheet-piling  to  sink  "as  deep 
as  32  ft.  with  one  or  two  blows  from  a  1 700-lb.  hammer"  ?  The 
mountain  streams  formed  "great  cones,  or  fans,  of  very  porous  mate- 
rial". Was  this  material  duplicated  in  the  model,  and,  if  so,  where? 
In  an  experiment  of  this  kind,  it  is  vital  to  duplicate  the  actual  condi- 
tions which  are  the  subject  of  investigation.  No  ingenuity  of  observa- 
tion and  recording  can  minimize  the  importance  of  this.  There  is  prac- 
tically nothing  in  the  paper  showing  how  the  foundation  in  the  model 
was  formed,  or  indicating  its  similarity  to  actual  conditions. 

The  author's  theoretical  analyses  are  interesting,  but,  should  they 
serve  as  a  basis  for  the  solution  of  the  problem  actually  presented? 
If  the  premises  are  not  correct,  any  deductions  from  experiment  are 
not  only  of  no  value,  but  can  easily  be  harmful  as  well  as  misleading. 
Mr.  H.  A.  Petterson,:!;  Assoc.  M.  Am.   Soc.  C.  E.   (by  letter). § — The 

writer  is  a  great  believer  in  experimental  engineering,  and  realizes 
that  much  of  the  advance  made  in  engineering  knowledge  is  due  to 
the  researches  of  careful  and  ingenious  experimenters.  He  cannot 
believe,  however,  that  experiments  made  on  models  with  a  depth  of 
water  of  only  10  in.,  will  bring  forth  results  of  any  great  practical 
value  in  designing  a  dam  to  impound  water  100  ft.  and  more  in 
depth.  Our  knowledge  of  the  underground  flow  of  water  is  not  as 
complete  as  it  ought  to  be.  This  is  true  especially  of  underground 
flow  as  affected  by  cut-off  walls  penetrating  only  part  way  into  the 
porous  stratum. 

The  most  reliable  experiments,  however,  would  be  those  made  on 
existing  dams  and  weirs  built  on  poroiis  foundations.  There  are  many 
structures  in  different  parts  of  the  world  on  which  experiments  could 
be  made,  and  these  could  follow  essentially  the  methods  developed  by 
Mr.  C.  S.  Slichter.|]  Until  such  experiments  are  made,  the  writer,  for 
one,  would  advocate  following  presents  methods,  a  brief  presentation 
of  the  underlying  principles  of  which  will  be  given. 

The  principles  governing  the  design  of  an  earth  dam  with  imper- 
vious core-wall  to  impervious  foundation  need  not  be  reviewed,  as  they 
are  treated  in  any  number  of  good  textbooks.  The  problem  of  securing 
water-tightness  in  earth  dams  is  essentially  one  of  securing  the  maxi- 

*  Salt   Lake   City,    Utah. 
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mum  density  of  the  material;  and  the  laws  governing  this  are  known       Mr. 
by  the  Engineering  Profession,  even  though  not  universally  applied.    ^  erson. 
Strict  adherence  to  these  principles  in  earth  dam  construction  involves 
extra  cost,  which  is  not  always  warranted  by  the  results  obtained. 

This  discussion,  therefore,  will  be  confined  to  the  principles  involved 
in  the  design  of  an  earth  dam  on  a  porous  foundation  of  such  great 
depth  that  an  impervious  cut-off  wall  to  an  impervious  stratum  is 
financially  impracticable.  It  will  be  assumed  that  the  dam  will  be 
made  relatively  impervious,  and  safe  against  ordinary  methods  of 
failure.  The  principles  to  be  elucidated  are  the  securing  of  stability 
against  the  possible  destructive  effect  of  water  flowing  under  the  dam 
(not  through  it) ;  also,  as  it  is  assumed  that  the  dam  is  to  impound 
water  in  a  reservoir,  the  investigation  of  the  quantity  of  water  lost 
by  percolation  is  important  from  an  economic  standpoint,  though  it 
may  in  no  way  affect  the  stability  of  the  dam. 

A  rational  design  cannot  be  made  without  a  comprehensive  grasp 
of  the  laws  governing  the  flow  of  underground  water.  A  very  brief 
smnmary  of  present  knowledge  on  these  laws  will  be  given,  for  the 
purpose  of  calling  attention  to  the  incompleteness  of  that  knowledge 
and  to  make  clearer  the  writer's  comments  on  certain  of  the  author's 
statements. 

Laws  of  Underground  Flow. 

Hazen's  formula,  reduced  to  English  units,*  is 

,...sc..^<i±i«> a, 

Slichter's  formulaf  is 

16  272  d^  h  A 
Q  =  ^ 17  ^    ^  ^•^-^^'^  *^^  ~  ^^^^ (^^ 

Baldwin- Wiseman's  formula^  is 

h 
"  =  ^1  ^2  Y (3) 

In  these  formulas,  c,  c^,  c^,  and  h,  are  coefficients.  The  values 
of  c  in  Hazen's  formula  vary  from  400  to  1 000.  The  values  of  h 
are  tabulated  by  Slichter,  and  vary  only  with  porosity,     c^,  in  Equa- 

tion   (3),   is   proportional    to    crP  and   —    in   Equations    (1)    and    (2). 

Cg    corresponds    with    the    temperature    correction    of    Equations    (1) 
and  (2). 

*  Report,    Mass.    State    Board    of    Health,    1892,    p.    553  ;    also,    Turneaure    and 
Russel,   "Public  Water  Supplies",  p.  96. 

t  U.   S.   Geological   Survey,   Water   Supply   Papers,   Nos.   67   and   140;   also,   3  9th 
Annual  Report,  U.  S.  Geol.  Survey,  Part  II,  1899,  p.  295. 

%  Minutes    of   Proceedings,    Inst.    C.    B.,    Vol.    CLXXXI,    p.    15 ;    also.    Technical 
Paper   No.    97,   Govt,  of   India,    1902. 
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Mr.  Q  =  discharge,  in  cubic  feet  per  day,  through  the  area,  A ; 

A  =  area  of  cross-section,   in  square  feet,  normal  to  the  line  of 

flow; 
h  =  difference  of  water  surface,   in  feet,  for  two  points  distant 

L  feet  apart; 
L  =  distance,  in  feet,  measured  in  direction  of  line  of  flow ; 
d  =J  effective  size  of  sand  grains,  in  millimeters,  determined  by 

mechanical  analysis  with  sieves  in  Hazen's  formula,  and 

by  the  use  of  King's  aspirator*  in  Slichter's  formula ; 
V  ==  velocity  of  percolation ; 
^  =  temperature  of  the  water,  in  degrees,  Fahrenheit. 

These  three  equations  all  agree  in  several  respects : 
First. — The  rate  of  flow  increases  with  temperature. 

h 
Second. — The  rate  of  flow   increases   with  the   first  power  of  --  , 

or,  if  h  is  constant,  varies  inversely  with  L. 
Third. — The  rate  of  flow  varies  with  some  power  of  the  effective 
size  of  the  sand  grains. 
By  platting  on  logarithmic  paper,  a  straight-line  relation  will  be 
found  to  exist  between  Slichter's  values  of  k  and  the  porosity  of  the 
material.       The     same     relation     holds     between     porosity     and     the 
tabulated  values  of  the  transmission  coefficient  in  Water  Supply  Paper 
No.  140.     It  may  be  shown  that  Slichter's   tabulated  results  may  be 
expressed  in  the  following  form : 

Q  =  ap^-^d^^  AT (4) 

where  p  =  porosity  and  T  =  temperature  correction. 

The  effect  of  porosity  is  taken  into  account  in  all  the  equations. 
In  Equation  (1),  the  values  of  c  vary  with  the  imiformity  coefficient, 
which  is  an  indirect  and  approximate  method  of  stating  the  effect 
of  porosity.  In  Equation  (3),  the  effect  on  porosity  is  introduced  in 
the  coefficient,  c^. 

The  writer  believes  that  further  experiments  are  required  before 
a  formula  for  underground  flow  will  be  developed,  which  will  be  even 
approximately  as  accurate,  for  instance,  as  that  for  the  flow  of  water 
in  pipes  and  other  conduits.  Based  on  present  knowledge,  such  a 
formula  will  have  the  general  form: 

Q=  a2>"fZ'»   (;^)'^  T (5) 

Our  present  formulas  are  applicable  to  sands  up  to  an  effective 
size  of  5  mm.     Hazen  specifically  limits  the  range  of  his  formula  to 

*  For  description  of  King's  aspirator,  see  15th  Annual  Report,  Agricultural 
Experiment  Station,  Univ.  of  Wisconsin,  1898. 
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sands  of  from  0.10  to  3  mm.  effective  size.  The  writer  has  introduced  Mr. 
the  exponent,  r,  in  Equation  (5)  as  necessary  if  the  formula  is  to  be 
applicable  to  all  sizes  of  material.  Thus,  for  large  boulders,  there  is 
no  doubt  that  r  would  approach  a  value  of  0.5,  as  for  flow  in  channels ; 
and,  for  extremely  tine  material,  such  as  silt  and  clay,  r  may  become 
greater  than  unitj'. 

Considering  the  equations  for  undergroxmd  flow,  we  may,  for  con- 
venience, combine  the  factors  denoting  efl'ect  of  porosity,  effective  size, 
and  temperature,  and  write  an  equation : 

^       KhA  Kh^       ^ 

Q  — ,  or  p  —  -^  for  A  =  unity. 

jL/  Li 

The  coefficient,  K,  may  be  taken  as  a  constant  for  any  given  case, 
as  for  the  gravel  stratum  under  the  dam  described  by  the  author. 
The  head,  h,  is  also  fixed  by  the  storage  requirements.     The  only  vari- 

h 
ables  then  are  q  and  L.     The  hydraulic  gradient  equals  —    and  may 

Ij 

have  an  infinite  number  of  values,  depending  on  the  variable,  L.  There 
is,  however,  a  definite  relation  between  E  and  the  character  of  the 
underground  material. 

The  writer  fails  to  grasp  the  author's  meaning,  when  he  refers 
to  the  hydraulic  gradient  of  various  gravels,  as  though  there  was 
only  one  possible  hydraulic  gradient  for  a  given  gravel.  Thus,  on 
page  325,*  the  author  states : 

"Having  determined  the  hydraulic  gradient  of  the  underground 
material,  a  trial  design  was  made  to  find  what  dimensions  would  be 
necessary  in  a  dam  constructed  wholly  of  this  gravel." 

Again,  on  page  326*:  "This  combined  material  was  then  tested 
in  the  tank  to  determine  the  hydraulic  gradient".  On  page  333,*  there 
is  a  reference  in  similar  vein. 

Application  of  Formula  for  Underground  Flow  to  Design  of  Dam. 
The  underground  flow  may  endanger  the  dam  in  two  ways:  (1)  The 
velocity  of  flow  may  be  sufficient  to  carry  away  with  it  the  finer  mate- 
rials in  the  gravel,  and  the  so-called  "piping"  action  resvdts.  If  this 
keeps  on  indefinitely,  it  is  only  a  question  of  time  until  the  under- 
ground stratum  becomes  so  porous  that  all  the  water  in  the  reservoir 
will  readily  escape,  or  the  stratum  will  settle,  and  the  superstructure 
will  go  do-wn  with  it.  (2)  The  upward  water  pressure  under  the  base 
of  the  dam  may  be  great  enough  to  overcome  the  weight  of  the  super- 
incumbent earth,  and  so-called  "blow-outs"  occur. 

Kh 

(1)  Stalnlity  Against  Pi%)ing. — Considering  the   equation,  q  =  — r-, 

it  is  obvious,  from  what  has  been  already  stated,   that  q.  or  unit  dis- 
*  Proceedings,  Am.  Soc.  C.  E.,  for  March,   1916. 
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Mr.       charge,  can  only  be  reduced  by  increasing  L.     As  the  velocity  is  directly 

'  proportional  to  g,  it,  too,  can  only  be  decreased  by  increasing  i,  or,  what 

L  * 
amounts  to  the  same  thing,  by  increasing  — -. 

These  coefficients  are  deduced  from  observations  of  existing  struc- 
tures, largely  in  India.  They  are  not  the  results  of  experiments,  but 
of  compilations  of  data  on  structures  which  have  proved  to  be  safe. 
The  writer  cannot  understand,  then,  why  there  is  any  lack  of  prece- 
dent in  designing  dams  on  porous  sand  foundations.  The  Laguna 
Weir  is  a  notable  example  of  a  diversion  dam  founded  on  extremely 
fine  silt.  He  agrees  with  the  author  as  to  the  value,  and  even  need, 
of  further  experiments,  if  this  branch  of  engineering  is  to  have  a 
scientific  basis,  but  cannot  agree  as  to  the  value  of  experiments  on 
models  carrying  only  10  in.  of  water. 

A  particular  need  for  further  investigation  is  the  definite  deter- 
mination of  the  influence  of  cut-off  walls,  penetrating  only  part  way 
through  the  porous  stratum,  in  reducing  the  pressure  head.  According 
to  the  "line  of  creep"  theory,  this  effect  depends  only  on  the  depth  of 
the  barrier  and  the  length  of  base,  L;  or,  if  L^.  represents  the  depth  of 
penetration  of  this  cut-off  wall,  and  hg  the  reduction  of  the  pressure 
head,  then 

h 
The  writer  believes  that  the  value  of  kg  depends,  not  only  on  Lg 

and  — ,  but  also  on  the  ratio  of  L,  to  the  total  depth  of  the  porous 
h  ' 

stratum.     If  8  represents  the  depth  of  the  porous  stratum,  and  other 

symbols  are  as  before,  then  h^  =  —-  (-^J    is  the  form  of  expression 

which,  the  writer  believes,  presents  the  value  of  the  lost  head.     B  is 
a  coefficient,  and  n  an  exponent. 

A  point  of  practical  importance  is  the  difficulty  encountered  in 
making  these  cut-off  walls  impervious.  Sheet-piling  is  assumed  by 
some  engineers  to  be  practically  impervious,  but  experienced  men 
point  out  the  tendency  for  deep  piles  to  spread,  and  mention  the 
difficulty  of  preventing  this  tendency,  even  with  interlocking  steel 
piles.  As  the  work  cannot  be  inspected,  there  is  always  uncertainty 
as  to  the  efficiency  of  sheet-piling. 

•Tables  of  safe  values  of  7^,  for  material  from  flue  silt  to  boulders,  may  be  found  in 
Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  CXCVII  (1914),  Paper  No.  4004,  by  W.  M.  Griffith, 
or  in  a  standard  book  like  that  of  Thomas  and  Watt  on  "  Improvement  of  Rivers". 
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(2)  Stability  Against  Upward  Pressure  Under  the  Base  of  Dam. —  Mr. 
The  remedy  against  this  method  of  failure  is  obvious.  If  1/  =  the 
pressure  head  at  any  point,  w  =  the  weight  per  cubic  foot  of  water, 
and  m  =  the  weight  per  cubic  foot  of  the  material  in  the  dam;  then 
wy  is  the  intensity  of  pressure  which  is  resisted  by  the  weight  of 
superincumbent  earth.  If  2;  =  the  height  of  the  dam  at  any  point 
corresponding  to  y,  then,  for  safety,  mz  should  be  greater  than  wy. 

The  foregoing  discussion  assumes  that  the  material  in  the  dam 
is  impervious.  If  it  is  porous,  the  water  plane  will  rise  in  the  dam 
to  heights  corresponding  to  y.  It  is  necessary,  then,  that  z  be  greater 
than  y.  It  is  also  necessary,  of  course,  that  the  batter  of  the  down- 
stream face  of  the  dam  be  sufficiently  flat  to  prevent  sloughing  of 
saturated  material.  The  batter  pf  the  down-stream  face  will  generally 
be  sufficiently  flat  to  ensure  stability  against  sloughing,  if  it  is  designed 
in  accordance  with  the  requirements  mentioned  under  "Stability 
Against  Piping". 

The  writer  believes  that  a  more  logical  distribution  of  material  is 
to  make  a  flat  down-stream  face,  with  the  up-stream  face  given  the 
usual  batter  of  earth  dams,  say  1  vertical  to  3  horizontal.  The  material 
in  the  up-stream  portion  should  be  the  most  impervious.  The  reasons 
for  this  are  well  brought  out  by  George  L.  Dillman,*  M.  Am.  Soc. 
C.  E.  Such  great  care  need  not  be  taken  in  the  construction  of  the 
lower  part  of  the  dam,  though  the  material  should  be  considerably 
more  resistant  to  flow  than  that  of  the  underlying  gravel  stratum.  In 
other  words,  the  engineer  should  see  to  it  that  the  dam  is  constructed 
so  that  greater  resistance  to  flow  is  offered  at  all  points  by  the  dam 
than  by  the  underlying  gravel,  but  the  most  impervious  material 
should  be  on  the  up-stream  side. 

The  author  has  reversed  the  usual  method  of  distribution,  in  that 
he  makes  a  steep  down-stream  face  and  extends  the  base  up  stream. 
The  writer  has  prepared  Figs.  14  to  17  in  order  to  compare  the  usual 
design  with  that  of  the  author.  The  total  width  of  base  in  the  author's 
design,  as  closely  as  can  be  determined  from  his  Fig.  9,  =  760  ft., 
and  Lg,  the  depth  of  vertical  barrier,  =  125  ft.  Then,  by  the  usual 
theory,  L  =  760  -f  2L,  =  1  010  ft.    A  value  oi  L  =  1  000  corresponds 

to  a  value  of  —   =  10,  which  would  be  about  the  value  given,  iu  the 
h 

tables  previously  referred  to,  for  the  gravel  described  by  the  author. 

Figs.  14  to  17  show  four  designs  with  a  value  of  L  =  1  000.     Fig. 

14  shows   a   section  without  any  vertical  barrier   constructed   in   the 

gravel.     The  value  of  m  is  taken  at  100  and  that  of  w  at  62.5.     The 

value  of  z  is  computed  so  that  mz  =  1.6  (wy)  or  z  ^=  y.     This  gives 

*  In  his  discussion  on  the  paper  by  M.  M.  O'Shaughnessy,  M.  Am.  Soc.  C.  E., 
entitled  "Construction  of  the  Morena  Rock  Fill  Dam",  Transactions,  Am.  Soc.  C.  E., 
Vol.  LXXV,  p.  52. 
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a  factor  of  safety  of  1.6  against  failure  by  uplifting,  where  the  material 
of  the  dam  is  relatively  impervious. 

Fig.  15  shows  the  design  when  an  impervious  cut-off  wall,  pene- 
trating 125  ft.  into  the  porous  gravel  stratum,  is  used.  The  effect 
of  this  is  to  increase  L,  making  it  =  2  X  125,  or  250  ft.  Figs.  16 
and  17  are  for  the  same  general  conditions  and  assumptions,  but  they 
have  a  flat  up-stream  slope  in  accordance  with  the  author's  idea.     The 


relative  quantities  of  material  per  unit  of  length  of  dam  are  given  in 
Table  4.  The  quantities  include  only  those  portions  of  the'  dams 
above  the  natural  ground  surface.  The  sections  in  Figs.  14  and  16 
are  directly  comparable  with  those  for  Figs.  15  and  17.  Attention 
may  be  called  to  several  things  in  Table  4. 

First,  as  far  as  total  quantities  are  concerned,  the  section  proposed 
by  the  writer  has  no  material  advantage  over  that  proposed  by  the 
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author.     The  quantity  listed  as  up-stream  material  is  far  less,  how-       Mr. 
ever,  for  the  dams  shown  by  Figs.  14  and  15  than  for  those  shown  by    ^"^'■^""■ 
Fig's.  16  and  17.     In  view  of  the  foregoing,  the  dams  with  the  long 
down-stream  slope  can  be  constructed  more  cheaply. 

TABLE  1. — Volumes,  in  Cubic  Yakds  per  Linear  Foot^  for  Dams 
Shown  by  Figs.  14  to  17,  Inclusive. 


Up  stream. 

Down  stream. 

Toial.s. 

754 

754 

1242 

841 

876 
524 
448 
448 

1  630 
1  278 
1  690 
1  289 

Second,  the  dam  with  the  long  down-stream  slope  is  likely  to  be 
much  more  efficient  in  reducing  the  rate  of  percolation  under  the 
dam.  Unless  extremely  impervious  material  is  secured  for  the  shallow 
portion  of  the  up-stream  section  of  dams  like  those  of  Figs.  16  and 
17,  it  is  very  probable  that  there  would  be  percolation  downward 
through  the  dam,  near  the  heel,  adding  to  the  underground  flow.     In 

other  words,  the   value  of  —  for  a  dam  of  this  type   is  less  than   for 

a  dam  of  the  type  shown  by  Fig.  14,  even  with  the  same  length  of 
base  and  the  same  depth  of  sheet-piling,  or  other  cut-off  wall. 

D.  C.  Henny,*  M.  Am.  Soc.  C.  E.  (by  letter).!— The  design  of  a     Mr. 
dam  in  a  situation  such  as  the  author  describes  presents  an  interesting  Henny. 
and  difficult  problem.     In  his  conclusions  he  mentions  several  causes 
of  earth  dam  failures,  and  states  that  his  paper  deals  with  one  cause 
only,  namely,  springs  or  boils,  which  might  produce  piping  under  the 
base  of  the  dam. 

The  usual  percolating  velocities  are  exceedingly  low,  far  below  the 
power  of  transporting  material.  The  piping  or  blow-up  phenomenon 
implies  a  combination  of  circumstances,  relating  to  the  material  in 
place,  essentially  differing  at  particular  points  from  the  ordinary  per- 
colating conditions.  In  the  case  of  clayey  foundation,  initial  cracks 
may  transmit  a  large  portion  of  the  available  pressure  to  a  point  close 
to  free  exit,  and  may  set  up  progressive  erosion  aided  by  arching.  In 
the  case  of  sand  and  gravel,  strata  of  unusual  openness  to  flow  may 
be  contiguous  to  layers  of  very  fine  sand.  In  very  coarse  material,  the 
open  spaces  between  pebbles  and  cobbles  may  be  so  great  as  to  preclude 
true  percolation  and  permit  comparatively  free  flow  and  high  velocity. 
The  latter  case  is  one  which  cannot  be  regarded  as  applying  to  founda- 
tions for  high  dams.     The  other  cases  are  dependent  on  local  devia- 

*  Portland,    Ore. 

t  Received   by  the  Secretary,   June  6th,   1916. 
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Mr.  tions  from  general  homogeneity,  which  for  large  areas  can  hardly  ever 
■  be  known  definitely.  Moreover,  the  effect  of  such  deviations  cannot  be 
ascertained  by  experiments  with  selected  samples  of  materials  placed 
in  tanks  or  boxes. 

The  experiments  conducted  by  the  author  do  not  appear  to  have 
'had  for  their  object  the  determination  of  a  maximum  gradient  which 
would  be  safe  against  piping,  but  rather  the  most  economical  form  of 
dam  which  would  produce  a  maximum  reduction  of  the  water  gradient, 
thereby  minimizing  the  piping  danger  as  well  as  seepage  losses. 

It  appears  to  the  writer  that,  whatever  may  be  the  danger  from 
piping,  it  must  be  judged  by  examination  of  test  pits  and  experience 
with  existing  dams.  Usually,  with  the  foundation  material  which  the 
author  describes,  and  with  ordinary  slopes  of  an  earth  dam,  such 
danger  is  not  great,  and  if  necessary  can  be  counteracted  economically 
by  a  gravel  blanket  on  the  ground  below  the  down-stream  toe.  Nor 
need  there  be  any  fear  of  bank  sloughing,  if  gravelly  material  similar 
to  that  in  the  foundation  is  used  in  the  down-stream  portion  of  the  dam. 
The  real  problem  seems  to  be  that  of  insuring  against  excessive  seepage 
losses  such  as  would  render  the  reservoir  useless. 

In  describing  the  history  of  the  reservoir,  the  author  states  that 
when  the  dam  was  completed  to  a  height  of  30  ft.,  it  was  subjected  to 
a  head  of  25  ft.,  at  which  time  water  escaped  in  considerable  quantity 
from  the  down-stream  toe.  Though  the  quantity  of  water  escaping  is 
not  stated,  it  is  evident  that  if  this  is  known  or  can  be  ascertained  ap- 
proximately a  full-size  experiment  is  at  hand  on  which  to  base  some 
judgment  as  to  the  seriousness  of  the  problem. 

A  portion  of  this  escaping  water  may  have  come  through  the  dam 
proper.  It  is  certain,  however,  that  by  far  most  of  it  passed  through 
the  dam  foundation,  which  is  described  as  being  of  a  very  porous 
nature  and  of  unknown  depth,  roughly  estimated  at  240  ft. 

If,  at  that  stage  of  completion,  the  dam  had  a  full  width  of  base 
of  approximately  500  ft.,  the  water  gradient  producing  this  heavy  seep- 
age may  have  been  1  to  20,  and  a  statement  of  the  seepage  per  linear 
foot  of  dam  would  permit  some  judgment  as  to  the  practical  admissi- 
bility, from  the  storage  point  of  view,  of  such  gradient  for  a  full 
reservoir. 

The  author's  determination  of  a  safe  gradient  of  1  to  9  by  vertical 
tank  test  is  by  no  means  conclusive.  The  essential  feature,  namely, 
the  quantity  of  seepage  with  such  gradient,  is  not  stated.  However, 
even  if  it  were  stated  and  were  satisfactorily  low,  it  is  necessarily 
based  on  the  use  of  samples  of  foundation  material  which,  in  the 
nature  of  the  case,  cannot  represent  any  known  sort  of  average  of  the 
deep  masses  of  gravel,  sand,  cobbles,  and  boulders  as  they  lie  in  place 
under  the  dam.     Homogeneity  cannot  exist  to  any  degree  in  material 


i'apers.]  DISCUSSION"  ON   DESIGNING    AN   EARTH   DAM  1079 

of   greatlv   varying   sizes   deposited   by   successive   floods   of   varying     Mr. 
intensity.  «"""^- 

Assuming,  however,  that  the  samples  used  in  the  author's  tests  are 
representative  of  the  general  foundation,  the  tests  made  in  a  rect- 
angular box  with  a  model  of  a  dam  with  varying  depths  of  tight  cut-ott" 
show  the  quantity  of  seepage  under  full  head.  For  the  first  model 
tested,  this  averaged  approximately  0.0040  sec-ft.,  and,  for  the  second 
model,  0.0025  sec-ft.  per  lin.  ft.  of  model.  The  writer  understands  that 
these  quantities  refer  to  the  flow  measured  in  the  experiments,  on  a 
scale  of  Y^^  of  full  size.  If  this  understandins^  is  correct,  then,  so 
far  as  the  .experiment  goes,  the  deduction  may  be  made  that,  for  similar 
material  in  the  foundation,  the  seepage  for  a  dam  built  on  the  basis  of 
the  second  model  would  be  120  X  0.0025,  or  0.3  sec-ft.  per  lin.  ft.  of  dam. 

The  longitudinal  section  shows  the  dam  to  be  400.  ft.  in  length 
across  the  general  river  bed  and  1  600  ft.  in  length  on  the  adjoining 
bench.  No  data  are  at  hand  as  to  rise  of  rock  under  this  bench.  It 
may  be  interesting,  nevertheless,  to  inquire  as  to  what  the  total  seep- 
age under  the  dam  wotJd  be  if  the  rock  were  to  rise  but  slightly  away 
from  the  river.  In  that  case  the  average  gradient  and  seepage  per 
linear  foot  for  the  bench  portion  of  the  dam  would  approximate  one- 
half  that  for  the  full  height  of  the  dam.     On  such  assumptions,   a 

seepage  would  result  of  (  400  -| — -  j  X  0.3  =  360  sec-ft.    This  quantity 

of  seepage  is  clearly  inadmissible,  and  the  writer  deems  it  likely  that 
some  of  the  foregoing  assumptions  may  be  known  by  the  author  to 
be  erroneous. 

Independent  of  the  doubt  regarding  test  samples  being  representa- 
tive of  material  in  place,  there  must  be  serious  uncertainty  as  to  the 
possibility  of  driving  sheet-piling  to  a  depth  80  ft.  below  the  bottom 
of  the  cut-off  trench,  and  as  to  the  tightness  of  such  sheet-piling  when 
driven. 

It  will  be  noted  that  the  final  design  of  the  dam  as  presented  by 
the  author  shows  an  approximate  gradient  of  1  to  10  for  full  reservoir. 
This  may  be  about  twice  the  gradient  which  prevailed  when  there  was 
25  ft.  of  head  against  the  present  dam,  at  which  time  heavy  seepage 
losses  occurred. 

A  detailed  study  of  the  pressures  as  registered  in  the  experimental 
box  with  the  model  of  the  dam  reveals  some  marked  inconsistencies, 
which,  if  the  experimental  results  are  to  be  made  the  basis  for  design, 
may  require  explanation.  In  considering  this  subject,  the  writer  has 
confined  himself  to  the  use  of  experiments  made  under  a  full  head  of 
10  in.  representing  100  ft.  on  the  scale  of  the  experiment,  and  has 
selected  for  this  purpose  only  those  numbers,  four  in  the  first  and  three 
in  the  second  series,  for  which  pressures  are  recorded  at  all  points. 
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Mr.  Individual   differences  of  flow   and  pressure   are  rather  large,  the 

^'^°^'  maximum  variations  from  the  average  being  as  follows: 


First  series: 

Experiments  9,  14, 

19,  and  24. 


Second  series: 

Experiments  4,  8, 

and  12. 


Flow 

Pressure. 


•  7% 
.20% 


20% 
13% 


In  order  to  eliminate  individual  variations,  whatever  may  be  their 
cause,  pressures  and  pressure  drops  are  figured  on  the  basis  of  average 
values  and  are  listed  for  comparison  in  Table  5. 

TABLE  5. — Pressures  and  Pressure  Drops. 


,;    .;..   •    ,  ■ 

Average  of 

Experiments. 

1st  Series : 
Nos.  9, 14,  19,  and  24. 

2d  Series: 
Nos.  4,  8,  and  12. 

0.0040  sec-ft.    • 

0  0023  see-ft. 

Pressure. 

Pressure 
drop. 

Pressure. 

Pressure 
drop. 

100  ft. 

41.6 

50  ft.  in  240  ft. 

37.6 

34.8 

85  ft.  in  240  ft. 

.12.9 

10.1 

,    r,9, 

100  ft. 

58.4  ft. 

60.5  ft 

-1     

39  5 
25  ft.  in  240  ft. 

27.7 

'"  22!6 

125  ft.  in  240  ft. 
4.3 

Cut-off 

4.0 

11.8 

B 

c 

2.8 

,5.7 

Cut-off  

81.9 

17.7 

D    

2.8 

3.7 

E 

0.6 

2.2 

0.0 

F           

0 

a?''trT-;ii; 

92.1 

100.0 

Table  5  shows  the  following  ra1;her  surprising  results  as  to  pressure 
head  destroyed  by  percolation:  The  pressure  drop  is  greater  from 
open  water  to  A,  from  B  to  C,  and  from  D  to  E,  with  smaller  than 
with  larger  flow;  the  pressure  drop  is  greater  from  A  to  B  without 
sheet-piling,  and  with  small  flow  than  with  sheet-piling  and  with  large 
flow;  the  pressure  drop  is  greater  from  C  to  D,  in  proportion  to  the 
flow,  with  shallow  than  with  deep  sheet-piling. 

The  drop  from  open  water  to  the  point,  A,  up  stream  from  the 
points  of  cut-off,  is  60%  of  the  total  head,  in  spite  of  the  short  dis- 
tance of  travel;  so  that  the  upper  portion  of  the  water  gradient  is 
steepest.  The  great  loss  of  head  at  entrance  appears  to  be  inherent  in 
experiments  of  this  kind.     It  may  well  be  doubted,  however,  whether 
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such  losses  occur  in  the  case  of  actual  dams,  where  the  area  of  entrance     Mr. 
is  very  extensive,  unless  it  is  induced  by  silt  deposits.     Should  no  such     *^""^ 
loss  with  the  actual  dam  be  experienced,  and  should  the  pressure  at 
A  be  80  or  90%  of  the  total  head  instead  of  40%,  the  actual  seepage 
losses  may  be  double  those  deduced  from  the  experiments. 

In  regard  to  the  feature  of  the  design  consisting  of  a  tight  blanket 
up  stream  intended  to  lengthen  the  path  of  the  water,  the  reasoning 
of  the  author  is  believed  to  be  sound.  The  same  method  was  advocated 
by  the  writer  and  was  adopted  in  the  case  of  the  Grand  River  Diversion 
Dam  built  by  the  Reclamation  Service  near  Grand  Junction,  Colo. 
The  object  in  this  case  was  the  reduction  both  of  uplift  and  of  seepage. 
Fig.  18  shows  a  cross-section  of  this  dam. 


CROSS-SECTION   OF 
GRAND  RIVER  DIVERSION  DAM 


Movable  Crest 


Fig.    18. 

It  may  be  stated  that  in  this  case  measurements  of  uplift  pressures 
were  made  through  pipes  placed  in  piers  in  the  dam  and  ending  in 
pockets  of  screened  gravel  under  the  foundation.  The  results  indicate 
complete  absence  of  entrance  losses.  They  also  show  drop  of  pressure 
to  be  closely  proportionate  to  distance  along  line  of  creep.  It  should 
be  stated,  however,  that  owing  to  delay  in  placing  movable  gates,  the 
heads  at  the  time  of  the  two  measurements  were  in  each  case  only 
between  4  and  5  ft.,  and  that  measurements  under  a  full  head  of 
18  ft.  may  give  different  results. 

Experiments  of  the  character  made  by  the  author  must  always  be 
of  intense  interest  to  hydraulic  engineers  and  deserve  full  recognition. 
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THE  DESIGN  OF  A  DRIFT  BARRIER 

ACROSS  WHITE  RIVER, 

NEAR  AUBURN,  WASHINGTON 

Discussion.* 


By  H.  M.  Chittenden,  M.  Am.  Soc.  C.  E. 


H.  M.  Chittenden,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  writer  Mr. 
believes  that  engineers  will  be  interested  in  a  brief  description  of  den. 
the  flood  problem  to  which  the  drift  barrier  described  by  the  author 
pertains.  Those  who  have  visited  the  Puget  Sound  country  will  recall 
that  the  overland  route  between  Seattle  and  Tacoma  is  through  a 
flat  open  valley  behind  a  range  of  hills  which  rise  300  or  400  ft.  above 
the  level  of  the  plain.  This  valley  was  once  an  arm  of  Puget  Sound, 
but  it  has  been  filled  up  by  the  detritus  brought  down  from  the  Cas- 
cades. Four  principal  streams  have  been  the  agencies  in  this  filling 
process.  Two  of  these — Cedar  and  Green  Rivers — have  always  dis- 
charged to  the  northward  through  the  Duwamish  River  into  Elliot 
Bay,  the  harbor  of  Seattle.  One,  the  Puyallup,  has  always  discharged 
into  Commencement  Bay,  the  harbor  of  Tacoma.  The  fourth,  the 
White  River,  largest  of  all  and  by  far  the  heaviest  detritus  carrier, 
lies  between  the  Green  and  the  Puyallup,  and  drains  the  northern 
slopes  of  Mount  Rainier.  It  has  built  up  a  detritus  cone  across  the 
valley  previously  referred  to,  and  this  cone  has  reached  the  consid- 
erable elevation  of  100  ft.  above  sea  level  where  the  stream  debouches 
from  the  foot-hills.  On  the  top  of  this  cone,  during  the  process  of 
its    growth,    White    River    has    flowed    in    unstable    equilibrium    for 

*  This  discussion  (of  the  paper  by  H.  H.  Wolff,  M.  Am.  Soc.  C.  E.,  published 
In  April,  1916,  Proceedings^  and  presented  at  the  meeting  of  May  3d,  1916),  is 
printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 

t  Seattle,   Wash. 

t  Received  by  the  Secretary,   May   15th,   1916. 
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Mr.  indefinite  ages,  winding  sometimes  one  way  and  sometimes  the  other, 
den.  Since  the  valley  has  been  occupied  by  white  men,  it  has  flowed  most 
of  the  time  to  the  north,  and  the  name  has  attached  to  the  course 
of  the  stream  for  a  considerable  distance  in  that  direction;  the 
connection  to  the  south  with  the  Puyallup  bears  the  unromantic  name 
of  Stuck  River.  The  boundary  between  King  County,  in  which  is 
the  City  of  Seattle,  and  Pierce  County,  in  which  is  the  City  of  Tacoma, 
runs  very  nearly  along  the  summit  of  the  detritus  cone.  When  White 
River  has  flowed  north.  King  County  has  had  to  take  care  of  it, 
with  its  destructive  freshets,  and  when  it  has  flowed  south,  the  same 
burden  has  been  thrust  upon  Pierce  County.  This  situation  has 
developed  controversy  between  the  counties  which  has  occasionally 
led  to  litigation  and  sometimes  to  something  worse. 

This  was  the  situation  when  the  flood  of  November,  1906,  which 
seems  to  have  been  the  greatest  since  the  valley  was  occupied  by  set- 
tlers, carried  White  River  bodily  over  to  the  Puyallup  and  carved 
so  deep  a  channel  past  the  point  of  divergence  as  to  indicate  that  the 
river  would  remain  there  for  a  long  time.  King  County  thought  it 
would  be  good  policy  to  make  this  action  of  Nature  permanent,  and 
commenced  building  a  dam  which  should  prevent  the  river  from 
ever  flowing  north  again;  but,  after  a  little  work  "had  been  done,  the 
plan  was  abandoned,  probably  because  of  protests  from  Pierce  County. 
The  writer  was  at  the  time  in  charge  of  the  Federal  Engineer  District 
of  Washington,  with  headquarters  at  Seattle,  and  was  appealed  to 
for  advice  and  assistance  in  solving  the  difficult  problem  which  had 
arisen.  As  no  funds  were  available  from  any  public  source,  he  sug- 
gested local  contributions  sufficient  to  make  a  survey  and  report,  and, 
in  compliance  with  this  suggestion,  the  sum  of  $4  000  was  raised  by 
the  two  counties  and  the  four  railroads  operating  in  the  valley.  A 
voluntary  board  was  organized  consisting  of  the  two  county  engineers, 
the  four  resident  railway  engineers,  two  U.  S.  assistant  engineers, 
and  the  writer.  A  comprehensive  survey  was  made,  and  the  report 
of  the  Board's  findings  was  duly  made  public. 

The  report  recommended  that  White  River  be  permanently  held 
to  the  south  slope,  but  that  King  County  pay  the  major  share  of  the 
cost  of  maintaining  it  there.  The  recommendation  met  with  popular 
approval,  but  it  was  a  long  time  before  the  Commissioners  of  King 
County  could  be  swung  into  line,  and  then  only  as  a  compromise  of 
litigation  started  by  Pierce  County.  An  agreement  was  finally  reached, 
however,  and  the  work  is  now  being  carried  out  substantially  in 
accordance  with  the  recommendations  of  the  Board.  These  embraced 
a  general  rectification  of  the  Puyallup  River  and  an  enlargement 
of  the  Stuck,  the  whole  work  to  be  fortified  by  an  elaborate  system 
of  bank  protection  and  levees.     In  order  to  relieve  the  stream  of  the 
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FlG.   12. — Driftwood   Broi'ght   Down   by  White   River   in  the   1906   Flood. 


Fu;,    13. — Driftwood   Brought  Down  by   White   River   in  the   1906   Flood. 
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menace  which  comes  from  the  enormous  quantities  of  drift   carried     Mr. 
in   flood   time,   the  Board  recommended   the   construction   of   a    drift     den. 
liarrier  on  White  River,  and  it  is  this  structure  which  is  the  subject 
of  the  paper. 

The  method  of  functioning  of  this  barrier  is  well  described  in  the 
hist  paragraph  of  the  paper.  The  writer  will  not  discuss  the  technical 
details  of  the  structure  further  than  to  say  that  they  seem  to  be 
well  adapted  to  their  purpose.  The  Board  contemplated  a  pile 
structure,  but  this  would  have  proved  impracticable  because  of  the 
great  depth  of  very  heavy  gravel,  which  would  have  made  it  impos- 
sible to  secure  the  necessary  penetration.  The  writer's  only  criticism 
of  the  work  as  constructed  relates  to  its  location.  The  Board  chose 
a  location  at  the  narrowest  part  of  the  valley  below  the  source  of  nearly 
all  the  drift.  For  some  reason,  of  which  the  writer  has  never  seen  a 
satisfactory  explanation,  the  location  was  moved  3  miles  up  stream 
to  a  site  which,  from  a  construction  point  of  view,  was  certainly  not 
superior  to  that  selected  by  the  Board,  and  has  the  serious  defect 
of  leaving  about  3  miles  of  prolific  drift-producing  territory  below  it. 

Figs.  12  and  13  show  the  White  River  and  the  driftwood  brought 
down  by  the  1906  flood. 
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THE  PRESERVATION  OF  SANDY  BEACHES 
IN  THE  VICINITY  OF  NEW  YORK  CITY 

Discussion.* 


By  Messrs.  Lewis  M.  Haupt,  Charles  H.  Higgins,  Allen  Hoar,  and 
F.  William  Schwibrs. 


Lewis  M,  Haupt,!  M.  Am.  Soc.  C.  E.  (by  letter) :{:. — This  interesting    Mr. 
paper  is  limited  to  the  -dcinity  of  the  New  York  entrance,  but  the  ^^"p*- 
principles  involved  are  of  general  application,  with  local  modifications, 
so  that  the  writer  ventures  to  call  attention  to  certain  features  which 
seem   to   him   somewhat   obscure,   in   the  hope   of  leading   to   a   more 
definite  application  of  the  principles  to  general  practice. 

The  literature  of  the  subject  is  prolix,  and  the  publications  of  the 
Society,  the  Institution  of  Civil  Engineers  of  Great  Britain,  and 
numerous  other  technical  societies,  contain  elaborate  discussions  of 
both  theory  and  practice;  yet  there  seems  to  be  room  for  further 
analysis,  at  least  of  the  application  of  the  theory  to  definite  localities, 
as  the  results  desired  are  not  always  attained. 

Omitting,  for  the  sake  of  brevity,  the  theoretical  considerations,  as 
being  "somewhat  idealized"  as  to  the  paths  described  by  the  forces 
which  transport  the  drift,  it  will  be  more  important  to  consider  the 
facts  as  recorded  by  Nature  and,  from  them,  mould  our  conclusions. 

The  instrumentalities  available  for  reclamation  are  jetties  and 
groins,  bulkheads  and  sea-walls  "properly  applied".  This  is  the  crux 
of  the  matter,  for,  in  many  instances,  bulkheads  and  jetties  have  proven 
more  injurious  than  beneficial,  and  as  the  local  conditions  are  subject 

•  This  discussion  (of  the  paper  by  Elliott  J.  Dent,  M.  Am.  Soc.  C.  E.,  published 
in  May,  1916,  Proceedings,  and  presented  at  the  meeting  of  June  7th,  1916),  is 
printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before 
all  members  for  further  discussion. 

t  Cynwyd,    Pa. 

+  Received  by  the  Secretary,  May   27th,   1916. 
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Mr.  to  frequent  changes,  due  to  occult  cosmic  forces,  it  is  very  difficult  to 
adjust  a  permanent  structure  so  as  to  give  satisfactory  results  under 
the  composite  conditions,  which  is  all  that  the  engineer  can  do. 

As  to  "jetties  and  groins",  a  distinction  is  made,  based  on  their 
relative  lengths,  but  it  would  seem  better  to  limit  the  term  to  the  word 
"jetty",  as  a  projection  from  the  shore  across  the  strand,  than  to 
''groin  or  groyne",  the  angle  formed  by  the  intersection  of  two  surfaces. 

The  writer  believes  that  the  statement  as  to  their  effects,  namely, 
that  they  "must  inevitably  cause  a  wa'stage  of  beach  material",  should 
be  taken  cum  grano  sails,  for,  in  the  locality  in  question,  short  jetties 
have  had  a  very  decided  effect  in  building  up  the  beach  without  ap- 
parent injury  to  the  leeward  properties;  for  instance,  at  Far  Rockaway 
two  jetties  (Fig.  10)  were  erected,  about  4  years  ago,  concerning  which 
the  parties  say :  "The  work  is  highly  gratifying  as  we  have  gained  at 
least  500  ft.  in  the  width  of  beach  and  raised  the  crest  of  it  away  above 
the  top  of  the  piles  forming  the  jetties."  The  writer  is  informed,  also, 
that  similar  jetties  built  at  Long  Beach  are  likewise  buried  out  of  sight. 

The  extensive  works  now  under  contract  to  protect  the  tracks  of 
the  Central  Railroad  of  New  Jersey  at  Seabright,  consisting  of  some 
thirty  jetties  reaching  out  200  ft.,  have  collected  some  of  the  drift  at 
the  southerly  end,  but  have  not  recovered  the  original  low-water  line, 
which  was  more  than  600  ft.  out  a  few  years  ago.  These  jetties  sup- 
plement a  heavy  bulkhead  filled  with  stone,  and  this,  in  severe  storms, 
is  scaled  by  the  breakers,  which  fall  over  on  the  track  and  destroy  it. 

The  influence  of  the  prevailing  winds  must  also  be  carefully  con- 
sidered, for  it  is  a  factor  in  the  accumulation  of  material,  inde- 
pendently of  the  drift  carried  by  waves  and  currents.  The  low,  short 
jetties  at  Belmar,  N.  J.,  during  the  winter  of  1915-16,  were  completely 
covered  by  this  wind-driven  sand,  and  under  normal  conditions  they  do 
arrest  the  northwardly  moving  drift  in  the  southerly  groins,  filling 
them  to  the  crests  and  traveling  over. 

Many  of  the  bulkheads  along  the  New  Jersey  coast  have  been  de- 
nuded entirely  of  their  back-filling,  and  have  been  further  protected 
by  lines  of  stockades  filled  in  with  stone,  yet  they  have  not  recovered 
the  lost  ground,  nor  do  they  protect  the  properties  in  their  rear  from 
the  violence  of  the  waves,  as  has  been  exemplified  so  fully  by  the 
storms  of  the  past  few  years,  so  that  it  would  seem  to  be  unwise  to 
place  much  stress  on  this  form  and  location  of  defensive  works.  Fig. 
11  shows  a  reinforced  concrete  jetty  at  Long  Branch,  N.  J.,  in  Feb- 
ruary, 1916;  the  bulkhead  was  denuded  and  the  back-filling  gone. 

The  statement  that  "the  only  salvation  for  *  *  *  that  beach 
[Asbury  Park]  lies  in  the  construction  of  sea-walls  of  sufficient 
strength  to  combat  the  waves  until  such  time  as  new  berms  are  formed, 
if  such  time  ever  comes",  would  seem  to'  be  somewhat  discouraging. 


p 
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Fig.    10. — Hooked    Jetties    Now    Buried    Under    the 
Deposits  Which  They  Have  Made. 


Fig.   11. — Reinforced  Concrete  Jetty,  Long  Branch,  N.  J..   February.  1916. 
Bulkhead  Denuded  and  Backfilling  Gone. 
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were  it  not  for  the  fact  that,  up  to  this  time,  no  dependence  has  been    Mr. 
placed  on  "sea-walls"  but  only  on  short  spur-jetties.  Haupt. 

The  causes  of  the  temporary  stoppages  of  the  drift  along  the  south 
shore  of  Long  Island,  as  well  as  the  quantitative  movements  of  the 
drift  and  the  menace  to  the  channels  crossing  the  New  York  bar,  are 
matters  worthy  of  very  serious  attention.* 

The  rapidly  increasing  value  of  the  riparian  lands  in  the  vicinity 
of  our  great  centers  of  population  renders  the  careful  consideration  of 
these  physical  problems  timely  and  important.  The  New  Jersey  State 
Geological  Survey  report  of  1905  contains  an  extended  paper  on  the 
changes  along  that  coast  which  may  serve  to  aid  in  the  solution  of 
these  complex  problems. 

Charles  H.  Higgins,!  M.  Am.  Soc.  C.  E.  (by  letter)..:}: — This  paper  Mr. 
is  most  interesting,  and  the  writer  congratulates  the  author  on  his  ^'Sgins- 
lucid  analysis  of  the  phenomenon  of  beach  erosion,  particularly  on  the 
coasts  of  New  Jersey  and  Long  Island,  and  confirms,  in  general, 
his  observations  on  littoral  drift.  However,  between  the  premises 
laid  down  as  to  littoral  drift  and  the  conclusion,  reached  by  the  author, 
that:  "damage  *  *  *  must  inevitably  result  to  the  beaches  as  a 
whole  if  the  erection  of  structures  that  interfere  with  littoral  drift  is 
allowed  to  continue",  there  is  a  wide  gap,  which  it  does  not  appear  to 
the  writer  has  been  logically  crossed,  and  which  is  certainly  not  in 
accord  with  his  observations. 

The  writer  has  described§  the  theory  and  construction  of  a  system 
of  groins  or  jetties,  constructed  at  Asbury  Park,  N.  J.,  under  his 
supervision,  9  years  ago,  and  the  results  obtained. 

Fig.  7  illustrates  thoroughly  the  typical  action  of  waves  on  a  sand 
beach.  In  this  problem  of  erosion  on  a  sandy  coast,  though  the 
masses  dealt  with  are  tremendous,  the  unit  is  very  small,  namely,  a 
grain  of  sand;  and,  just  as  the  unit  of  a  great  army  is  a  single  man, 
and  the  movements  of  that  army,  as  a  whole,  are  dependent  on  the 
behavior  of  each  of  the  units,  so,  if  the  grain  of  sand  is  controlled,  by 
extension  the  mass  may  be  controlled. 

The  phenomenon  of  littoral  drift  apparently  results  when  the  grains 
of  sand  are  not  moved  by  the  waves  directly  fore  and  aft,  but  are 
sawed  along,  as  indicated  by  Fig.  7.  B^  is  the  critical  point,  for  when 
the  line  containing  the  series  of  points,  B^,  moves  toward  the  shore, 
the  observer  at  once  remarks  that  we  are  losing  beach.  On  the  other 
hand,  when  the  line  moves  seaward,  beach  is  made. 

*  Some  allusions  to  these  matters  may  be  found  in  the  Journal  of  the  Franklin 
Institute  for  February,  1905,  and  in  the  Proceedings  of  the  Brooklyn  Engineers'  Club 
in  a  paper  on  the  "Reclamation  of  Coney  Island." 

t  New   York  City. 

I  Received  by  the  Secretary,  June  7th,  1916. 

§  Engineering  News,  April   16th,   1914. 
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Mr.  Now,  the  purpose  of  a  system  of  groins  may  be  single  or  twofold; 

iggins.  ^Yii^^  is  to  gay,  it  may  be  designed  to  prevent  this  critical  line,  marked 
"Plunge  Point"  on  Fig.  7,  from  moving  shoreward,  in  which  case  the 
groins  end  on  this  particular  line;  or  it  may  be  intended,  also,  to  force 
this  critical  line  farther  out,  and  thus  increase  the  width  of  the  beach, 
in  which  case  the  ends  of  the  groins  extend  beyond  B^,  thus  forcing  the 
shore  current  farther  out,  and  consequently  making  beach.  An  im- 
portant consideration  in  such  a  design  is  the  distance  between  the 
several  groins.  By  Fig.  7  the  author  has  indicated  clearly  the  typical 
path  of  a  grain  of  sand  by  lines  which  form  the  figure  of  a  saw  tooth, 
B-B^-B^.  A  low  groin  to  the  left  of  B  and  another  to  the  right  of  B„ 
would,  by  interrupting  this  movement,  prevent  this  sawing  away  of 
the  beach. 

The  critical  line,  which  the  author  has  named  the  ''plunge  point", 
is  really  the  fighting  line  between  land  and  sea — the  first-line  trench, 
as  it  were — and  as  this  advances  or  recedes,  a  gain  is  made  by  one  or 
the  other  of  the  contending  forces. 

Considering  the  shore  as  a  whole,  it  is  hard  to  conceive  what  dam- 
age can  be  expected  to  result  from  fixing  this  "plunge  point"  line, 
either  where  it  may  be  in  the  particular  year  the  groin  system  is  built, 
or  a  few  feet  or  even  a  few  hundred  feet  farther  out.  The  phenomenon 
of  littoral  drift  proceeds  uninterruptedly  on  the  new  line.  The  author, 
on  the  other  hand,  seems  to  prefer  a  bulkhead  constructed  apparently 
along  the  line  on  Fig.  7  marked  "Upper  Limit  Reached  by  the  Up- 
rush".  Wliere  bulkheads  have  been  built  without  a  groin  system  in 
front,  it  has  usually  resulted  in  the  "plunge  point"  line  moving  back 
to  the  toe  of  the  bulkhead;  in  other  words,  the  beach  is  lost;  the  shore, 
however,  is  maintained  as  long  as  the  bulkhead  remains  intact. 

Now,  the  only  apparent  difference  in  effect  on  littoral  drift  is 
whether  that  drift  occurs  along  a  line  through  B^  or  along  a  line  some- 
what in  advance  of  i?.,.  The  only  difference  in  material,  added  or  sub- 
tracted, is  the  beach  between  the  two  lines;  and  a  matter  of  a  few 
hundred  feet,  in  dealing  with  an  adjustment  in  masses  like  sea  and 
land,  contains  such  a  comparatively  minute  quantity  of  material  as  to 
be  negligible  in  considering  the  total  volume. 

In  very  many  cases,  the  protection  of  the  shore,  without  maintain- 
ing a  beach,  is  not  sufficient;  for  example,  at  Asbury  Park,  with  its 
mile  of  ocean  front,  it  is  of  the  greatest  importance  that  a  broad  sand 
beach  be  maintained,  and,  in  general,  a  shore  line  with  a  beach  in 
front  of  it  is  preferable  to  one  in  which  simply  a  bulkhead  marks  the 
limit  between  land  and  water.  It  should  be  borne  in  mind  that  such 
coasts  are  developed  or  used  for  summer  colonies.  There  are  also 
economic  elements  entering  into  this  problem.  A  bulkhead  to  resist 
the  direct  and  unimpeded  action  of  the  ocean  is  no  trifling  affair. 
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It  is  the  writer's  opinion  that,  in  most  cases,  where  shore  front  for  Mr. 
residence  purposes  is  involved,  economy,  utility,  and  attractiveness  are  '^^'°^- 
all  best  served  by  a  system  of  construction  designed  to  hold  what  the 
author  names  the  "plunge  point"  line  at  some  distance  in  front  of  the 
shore  line — that  is  to  say,  dry  land — and  that  this  may  be  accomplished 
by  a  properly  designed  and  constructed  system  of  groins  or  jetties, 
with  a  light  bulkhead  in  the  rear  to  prevent  wash,  the  bulkhead  being 
protected  from  the  direct  attack  of  the  sea  by  the  beach,  which  in  turn 
is  preserved  from  erosion  by  the  system  of  jetties  or  groins. 

It  is  noteworthy  that  the  author  limits  his  discussion  of  the  New 
Jersey  Coast  to  that  part  of  it  above  Asbury  Park.  The  writer  is  of 
the  opinion  that,  if  the  coast  above  Ocean  Grove  and  Asbury  Park 
received  a  treatment  similar  in  principle,  a  similar  satisfactory  result 
would  be  obtained  and  at  a  minimum  expense. 

A  massive  bulkhead  seems  to  appeal  to  the  imagination,  just  as  a 
masonry  fort  does;  but,  where  the  impressive  fort  fails,  the  simple 
trenches  prove  effective.  Thus,  in  preventing  the  advance  of  the 
sea,  the  low  groins  hold  the  line  under  conditions  where  the  massive 
bullchead  is  smashed  to  bits. 

Allen  Hoar,*  Jun.  Am.  See.  C.  E.  (by  letter) .f — The  author  of  this  Mr. 
valuable  paper  is  to  be  commended  on  the  manner  in  which  he  has 
brought  this  serious  and  often  difficult  problem  of  beach  control  to 
the  attention  of  the  Profession.  The  paper  sets  forth  clearly  and  con- 
cisely many  of  the  difficulties  to  be  encountered  in  work  of  this  kind, 
and  points  out  the  necessary  investigations  to  be  made  before  such, 
work  can  be  planned  with  any  certainty  of  ultimate  success.  It  should 
be  a  warning  to  those  who  would  undertake  the  planning  and  building 
of  beach  structures  without  first  making  careful  and  thorough  investi- 
gations extending  over  a  sufficient  period  of  time,  and  taking  into  con- 
sideration all  probable  weather  conditions.  This,  unhappily,  has  not 
always  been  done,  and  many  unnecessary  failures  have  resulted. 

The  writer  has  been  fortunate  in  being  able  to  make  a  close  study 
of  the  beach  conditions  at  Long  Beach,  Cal.,  for  the  past  5  years,  and 
has  watched  with  interest  the  encroachment  of  property  owners  on 
the  waters  of  the  Pacific  Ocean  along  that  section  known  as  the  West 
Beach.  In  this  instance,  the  beach  adjoining  property  has  become 
valuable  as  a  desirable  location  for  hotel-apartment  houses  and  other 
tourist  accommodations,  but,  as  this  particular  piece  of  property  is 
just  a  narrow  strip  facing  the  Pacific  Ocean  on  the  south  and  backed 
up  on  the  land  side  by  high  bluffs  and  the  Pacific  Electric  Railway 
yards,  offering  no  suitable  approach  from  that  direction,  it  was  neces- 
sary to  build  an  approach  from  the  east  along  the  beach  front.     This 

*  Pasadena,  CaL 

t  Received   by  the   Secretary,   June    7th,    1916. 
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Mr.  was  also  deemed  desirable  for  use  as  a  promenade.  For  this  purpose, 
^°^^'  and  to  add  to  the  attractiveness  of  the  beach  front  property,  it  was  de- 
cided to  build  a  wide  concrete  walk  and  bulkhead. 

The  error  in  judgment  here  and  the  difficulties  to  be  met  in  carry- 
ing out  the  plan  adopted  were  due  to  the  fact  that,  for  the  greater 
part  of  its  length,  the  southerly  line  of  this  property  was  only  a  few 
feet  back  from  the  ordinary  high-water  line,  and  the  walk  as  con- 
structed, from  the  property  line  south,  encroached  to  a  considerable 
extent  below  the  high-water  mark  and  still-water  level.  The  conse- 
quence of  this  has  been  that,  during  extreme  high  water  of  spring 
tides,  whether  accompanied  by  heavy  storms  or  not,  great  damage  is 
done  to  both  the  bulkhead  and  walk,  and  the  beach  lying  in  front  of 
the  bulkhead  is  destroyed.  Each  year  since  its  construction  some  por- 
tion of  this  bulkhead  and  walk  has  been  torn  out  and  has  had  to  be 
rebuilt,  and,  in  fact,  it  has  never  been  possible  to  finish  the  construc- 
tion at  the  western  end,  this  section  of  the  work  having  been  destroyed 
before  completion  time  and  again  at  each  attempt. 

The  bulkhead  at  and  supporting  the  outer  edge  of  the  walk  con- 
sists of  a  single  row  of  reinforced  concrete  sheet-piles,  about  6  by 
12  in.  in  section,  and  from  14  to  16  ft.  in  length,  cast  tongue-and- 
groove  fashion.  The  reinforcement  consisted  of  four  vertical  rods, 
one  in  each  corner  of  the  pile,  and  projecting  several  feet  above  the 
head  of  the  pile  for  anchorage  into  the  parapet  wall  to  be  built  after 
the  piles  had  been  placed.  The  piles  were  raised  by  a  light  pile-driver 
mounted  on  skids,  and  jetted  and  driven  through  the  sand  to  penetrate 
a  layer  of  clay  at  a  varying  depth  of  from  12  to  14  ft.  below  the  sur- 
face. After  the  piles  had  been  driven  to  place,  a  concrete  cap  was  cast 
in  place  along  the  top  of  the  row  of  piling,  and  the  bulkhead  was 
then  back-filled  to  the  level  of  the  cap.  The  walk,  of  6-in.  concrete, 
was  then  laid,  the  outer  edge  being  supported  on  the  cap  and  the  re- 
mainder resting  on  the  back-fill.  Along  the  outer  edge  of  the  walk 
and  over  the  row  of  piling  a  reinforced  concrete  parapet  wall  was  next 
cast  in  place.  This  wall  was  built  in  panels  and  reinforced  horizontally 
by  rods  running  through  its  base  and  through  its  coping.  It  was  rein- 
forced vertically  by  the  rods  which  were  left  projecting  above  the  tops 
of  the  piling,  serving  to  anchor  it  firmly  to  its  base.  This  construction 
would  have  been  adequate  under  all  ordinary  circumstances,  if  the 
bulkhead  had  been  placed  at  or  back  of  the  high-water  line,  but,  placed 
where  it  is,  in  from  1  to  2  ft.  of  water  at  ordinary  high  tides,  it  is 
subject  to  severe  impact  which  becomes  terrific  with  the  force  of  the 
larger  breakers  accompanying  stormy  weather. 

The  construction  of  this  bulkhead  has  had  a  very  marked  effect  on 
the  destruction  of  beach  in  front  of  it.  This  is  undoubtedly  because 
the  bulkhead  is  only  a  few  feet  shoreward  of  the  plunge  point  of  the 
incoming  breakers,  thereby  limiting  the  extent  of  the  up-rush  and  its 
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sand-carrying  power  to  a  point  where  the  power  of  the  back-flow  ia  Mr. 
predominant;  and,  in  the  case  of  nnusnally  liijrh  water,  whou  the  °^^' 
plunge  takes  place  almost  on  the  bulkhead,  the  force  and  action  of  the 
plunge  is  felt  clear  down  to  the  sand  and  results  in  excessive  scour  and 
erosion.  This  is  due  to  an  almost  entire  absence  of  back-flow  at  this 
point,  and,  therefore,  instead  of  spiraling  over  a  comparatively  strong 
backflow  as  i.s  usual,  the  plunge  is  carried  right  to  the  bottom. 

The  conditions  here  are  peculiar,  in  that  there  is  practically  no 
littoral  drift  of  sand  or  other  beach-building  material,  and  therefore 
no  method  can  be  advanced  for  the  rebuilding  of  the  beach  by  bring- 
ing the  natural  forces  into  play. 

The  sand  composing  this  beach  is  very  fine,  and  contains  a  very 
large  percentage  of  extremely  light  material.  The  surface  of  the  sand 
along  the  beach  slopes  normally  about  2  ft.  per  100  ft.  to  a  point  about 
300  ft.  from  the  high-water  line,  and  from  this  point  it  shelves  off 
gradually  until  it  strikes  an  almost  vertical  bank  about  600  ft.  off 
shore,  where  the  water  has  an  average  depth  of  about  35  ft.  There 
exists  just  beyond  this  bank  an  off-shore  current  flowing  westward, 
although  with  no  very  great  force  except  in  case  of  storm. 

The  light  character  of  the  beach  sand  allows  it  to  be  set  in  motion 
by  even  slight  agitation  of  the  breakers,  and,  when  acted  on  by  the 
large  swells  raised  by  a  storm,  this  light  material  is  carried  away  out 
by  the  undertow  until  it  reaches  the  off-shore  current,  by  which  it  is 
carried  out  to  deep  water.  During  calm  and  low  tide  much  of  this 
sand  is  carried  only  to  the  outer  breaker  line  where  it  is  again  picked 
up,  carried  shoreward  and  deposited  on  the  beach  by  the  up-rush.  This 
is  shown  by  the  fact  that  during  calm  weather,  when  the  breakers  are 
small,  the  beach  builds  up  very  flat,  and,  under  the  influence  of  the 
large  swells  after  a  storm,  it  is  rapidly  cut  away  between  the  high-  and 
low-water  lines,  leaving  a  comparatively  steep  slope. 

The  tidal  drift  along  this  beach  is  from  east  to  west,  but  the  in- 
shore drift  is  so  slow  that  it  is  not  of  the  slightest  value  in  transport- 
ing sand  to  build  it  up. 

From  the  foregoing  it  can  be  understood  that,  in  this  case,  the 
large  sand-laden  breakers  accompanying  heavy  storms  cannot,  because 
of  the  location  of  the  bulkhead,  aid  in  the  preservation  of  the  beach 
by  building  up  a  new  berm,  as  is  the  general  result  as  pointed  out  by 
Mr.  Dent.  On  the  contrary,  erosion  is  accentuated,  and  a  considerable 
portion  of  the  sand  put  in  motion  is  transported  by  the  heavy  under- 
tow to  the  off-shore  current,  where  it  is  lost  to  the  beach  for  all  time. 

F.  William  Schwiers,*  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  has      Mr. 
had  some  experience  on  this  subject  on  the  south  Long  Island  shore,    '^  ^^'^''^• 
and  also  on  the  New  Jersey  shore;  and  has  read  considerable  on  the 

»  New  York  City. 
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Mr.  topics  referred  to.  The  Library  of  the  Society  contains  some  volumes 
Schwiers.  y^^ritten  by  Mr.  Case  or  Mr.  Allanson-Winn,  describing  the  Case 
system  of  low  groynes.  The  speaker  believes  that  this  system — 
where  its  use  is  feasible — is  the  best  method  of  shore  protection. 
Briefly,  it  consists  of  low  barriers,  built  on  the  beach,  and  started 
below  the  low-water  line.  These  barriers  catch  the  drift  carried  by 
the  along-shore  currents  and  build  up  the  beach.  As  the  latter  is 
built  up,  the  groynes  are  continued  shoreward  on  the  proper  incline, 
which  corresponds  to  an  elliptical  curve,  and  has  been  termed  the 
ellipse  of  repose.  The  waves  ascend  the  inclined  surface  until  they 
iiave  spent  their  energy,  and  then  recede  harmlessly.  During  storms 
the  low  groynes  are  entirely  submerged,  and  are  protected  by  the 
overlying  water. 

The  Case  system  has  been  used  extensively  in  England,  but  is  not 
adapted  to  the  Jersey  shore,  because  the  property  owners  there  have 
encroached  too  far  on  the  ocean.  In  some  cases  bulkheads  have  been 
built  even  beyond  the  low-water  line,  so  that  no  beach  is  visible  at 
low  tide. 

The  method  of  protection  used  along  the  Jersey  shores  is  timber 
and  pile  bulkheads,  parallel  with  the  beach,  behind  which  beach  sand 
has  been  filled  in,  and  low  jetties  running  seaward.  The  jetties,  gen- 
erally speaking,  are  low  structures  entirely  submerged  during  heavy 
weather,  their  purpose  being  to  build  up  the  beach  in  a  manner  similar 
to  the  Case  groynes.  The  destruction  of  bulkheads  takes  place  during 
very  high  tides  accompanied  by  storms  from  certain  directions.  On 
the  south  Long  Island  shore  erosion  takes  place  during  northeast 
storms  and  on  the  Jersey  coast  during  storms  from  the  southeast. 
The  heavy  waves,  striking  the  bulkhead,  are  deflected  upward  and 
downward,  creating  a  semi-fluid  mass  of  the  beach  material  at  the 
foot  of  the  bulkhead.  If  the  sheet-piling  has  not  sufficient  penetra- 
tion, the  material  back  of  the  bulkhead  soon  becomes  a  semi-fluid 
mass  and  escapes  mider  the  sheeting;  this  leaves  the  bulkhead  without 
support,  and  its  destruction  rapidly  ensues.  To  support  the  bulkhead 
against  this  contingency,  during  late  years,  a  second  row  of  brace- 
piling  has  been  driven  about  20  ft.  back  of  the  bulkhead,  to  which 
horizontal  brace  logs  are  attached  and  connected  to  the  bulkhead 
piling  several  feet  from  the  top.  This  method  has  been  fairly  suc- 
cessful, provided  there  has  been  sufficient  penetration  for  both  the 
sheet-piling  and  the  round  piling.  There  is  sufficient  elasticity  in 
this  construction,  in  connection  with  the  material  back  of  the  bulk- 
head, to  absorb  the  shock  of  the  waves.  Heavy  masonry  bulkheads 
have  not  been  successful  along  the  Jersey  shores,  and  they  are  not 
advisable  unless  an  absolutely  firm  foundation  can  be  obtained  and 
the  footing  of  the  wall  can  be  protected  from  scour  by  sheeting  with 
deep  penetration. 
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The  situation  on  the  Jersey  and  Long  Island  shores  is  probably  Mr. 
aggravated  by  littoral  currents  created  by  the  flow  of  the  Hudson.  ^  wiers. 
This  river,  flowing  into  the  ocean,  cr(>ates  shore  currents  flowing  nortli- 
ward  along  the  Jersey  coast  and  westward  along  the  Long  Island  coast, 
eroding  the  southern  Jersey  shore  and  eastern  Long  Island  shore, 
and  carrying  the  material  northward  and  westward,  respectively,  thus 
accounting  for  the  formation  of  Sandy  Hook  and  Coney  Island.  These 
littoral  currents  are  reinforced  by  storms  from  certain  directions, 
viz. :  southeast  on  the  Jersey  shore  and  northeast  on  the  Long  Island 
shore;  and  when  both  these  conditions  are  coincident  with  an  abnor- 
mally high  tide,  great  erosion  and  destruction  ensue. 
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A.  P.   LuNDiNjf  Esq. — The  speaker's  attention  was   drawn  to  this     Mr. 

-  ,       .  •      T  J.   •  •       Lundin. 

wood  many  years  ago,  during  voyages  to  tropical  countries,  viz., 
Central  and  South  America,  Central  Africa,  and  also  India,  in  all 
of  which  the  same  species  can  be  found;  and  he  first  remarked  it 
when  a  number  of  natives  came  floating  down  a  river  on  a  raft 
made  up  of  balsa  logs.  The  logs  were  covered  more  or  less  with  bark, 
and  where  this  was  chipped  away,  the  hard  surface  still  remained, 
which  is  found  on  the  outside  of  balsa  logs,  under  the  bark;  the 
ends  were  covered  with  tar,  or  some  waxy  substance. 

The  natives,  particularly  in  Central  and  South  America,  use  such 
rafts  to  float  their  products  to  the  sea  coast,  and  seldom  use  them 
more  than  once,  for  one  reason,  because  it  would  be  difiicult  to  bring 
the  rafts  up  against  the  stream,  and  because  the  wood  absorbs  water 
very  readily  and  the  raft  is  more  or  less  water-logged  after  arriving. 
Of  course,  in  solid  logs,  with  the  ends  closed  up,  the  absorption  is 
not  so  rapid  as  when  balsa  is  cut  up  in  planks  and  freed  from 
bark. 

Later,  when  engaged  in  the  life-saving  equipment  business,  it  was 
brought  to  the  speaker's  attention  that  some  crude  attempts  had 
been  made  to  use  balsa  in  life  preservers.  On  taking  over  a  boat 
shop  in  Long  Island  City,  a  quantity  of  balsa  was  found  there,  and, 

*  This  discussion  (of  the  paper  by  R.  C.  Carpenter,  M.  Ami.  Soc.  C.  E.,  pub- 
lished in  May,  1916,  Proceedings,  and  presented  at  the  meeting  of  June  7th,  1916) 
is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before 
all   members   for   further   discussion. 

t  New  Yorl<  City. 
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Mr.  on  inquiry  as  to  its  purpose,  it  was  learned  that  experiments  had 
'"■  been  made  with  it  in  life-belt  manufacture,  but  that  the  wood  absorbed 
water  so  rapidly  that  the  belts  had  to  be  made  two  or  three  times  as 
large  as  the  ordinary  cork  life-belt  to  assure  the  required  buoyancy. 
Subsequently,  chemical  experts  were  put  to  work  to  devise  methods 
for  making  the  wood  non-absorbent. 

First,  painting  was  tried,  but,  owing  to  the  peculiar  nature  of  the 
material,  the  paint  was  rapidly  absorbed,  and  coating  it  over  and 
over  meant  having  just  as  much  paint  as  wood,  which  added  greatly 
to  the  weight.  Then  varnishing  was  tried,  but,  owing  to  the  moisture 
left  inside,  the  varnish  cracked  and  blistered  off. 

Next,  several  mixtures  of  paraffin,  asphaltum,  gilsonite,  etc.,  were 
tried,  which  gave  a  fairly  good  outside  coating,  penetrating  about 
i  in.  on  the  ends  and  about  ^  in.  on  the  sides,  and  the  problem 
was  apparently  solved.  However,  before  long  it  became  evident  that, 
owing  to  the  cellular  structure  of  balsa,  which  is  mostly  pith,  and 
the  great  quantity  of  moisture  sealed  up  in  the  wood  by  the  impervious 
surface  treatment,  dry-rot  developed  even  sooner  than  in  the  untreated 
balsa. 

Just  at  the  time  these  difficulties  became  apparent.  Col.  Marr's 
water-proofing  process  was  brought  to  the  speaker's  attention,  and 
after  numerous  experiments  with  the  new  method,  it  was  successfully 
and  practically  applied. 

The  United  States  Government  has  tried  out  balsa  life-preservers, 
life-buoys,  etc.,  as  compared  with  the  cork  articles,  for  a  period  of 
49  days  (24  hours  per  day),  at  the  end  of  which  period  the  cork 
preserver  had  lost  all  its  buoyancy  and  che  balsa  preserver  still  retained 
the  buoyancy  stipulated  in  the   Government  requirements. 

A  few  years  ago,  while  working  on  the  buoyant-material  proposi- 
tion, it  was  considered  that,  as  balsa,  owing  to  its  peculiar  structure, 
was  so  advantageous  for  use  in  buoyancy  products,  it  might  also  be 
adaptable  for  insulation  purposes,  and  accordingly  experiments  in  that 
direction  were  begun.  The  first  ice-box  made  of  the  new  material 
was  on  the  speaker's  motor  boat,  and  the  results  were  surprising. 
All  during  the  hot  summer  weather,  ice  was  put  in  the  box  on  Friday 
or  Saturday,  and  on  the  following  Friday  or  Saturday  the  temperature 
in  the  box  would  still  be  quite  low  and  some  ice  still  left  in  the  box. 

Naturally,  all  first  work  in  the  line  of  balsa  insulation  was  more 
or  less  crude,  and  the  importance  of  scientific  investigation  was  soon 
realized. 

It  was  particularly  fortunate  that  Professor  Carpenter  became 
interested  in  this  material.  The  speaker  well  remembers  that  when 
he  first  spoke  to  him  about  this  wood,  and  stated  that  it  was  all  pith 
and    no    fiber,    he    and    the    gentlemen    in    his    company    looked    very 
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skeptical.     However,  he  was  siiffieieiitly   interested  to  visit  the  Weliii     Mr. 
phint,    intending  to    remain   there   half   an    hour,   but   he   spent   prac-  ^"°'^'°- 
tically  a  whole  day.  and  when  last  seen  on  that  occasion,  he  had  all 
his   pockets   full   of  balsa,   and   he   has  been    steadily   devoted   to   the 
investigation  ever  since. 

Tile  speaker  does  not  pretend  to  be  an  expert  on  insulation  or  non- 
conductivity,  but  looks  at  this  material  from  a  practical  rather  thaii 
a  scientific  viewpoint. 

The  principal  feature  in  insulation  material  is,  of  course,  that  it 
must  be  a  good  non-conductor,  but  no  doubt  in  the  future  engineers 
will  also  consider  structural  strength,  and  the  possibility  of  making 
up  complete  homogeneous  units  will  also  be  considered  in  judging 
the  efficiency  and  value  of  insulating  material,  particularly  where  it 
is  to  be  used  in  making  ice-boxes  and  as  insulation  for  buildings,  in 
ships,  and  in  railroad  cars. 

The  principal  consideration  is  a  commercial  one;  in  other  words, 
good  engineers  always  try  to  obtain  the  highest  total  efficiency,  and 
commercial  men  want  it  and  are  willing  to  pay  for  it. 

In  shipping,  for  instance,  it  is  known  that  almost  any  ship  can 
be  insured  if  built  to  certain  requirements,  such  as  Lloyds,  and  it 
can  be  insured  at  the  lowest  rates  (except,  of  course,  in  time  of  war). 
All  cargo  on  such  ships  can  also  be  insured  at  reasonable  rates,  except 
one  class,  and  that  is  perishable  food  stuffs  carried  in  refrigerator 
compartments,  which  are  always  carried  at  the  shipper's  or  consignee's 
risk.  Neither  the  steamship  companies  nor  the  insurance  organiza- 
tions will  place  insurance  on  such  goods,  except  for  the  event  of 
total  disaster  to  the  ship.  Why?  ISTot  because  the  science  of  refrigera- 
tion has  not  kept  pace  with  the  science  of  naval  architecture,  but 
because  of  the  fact  that  if  a  break-down  occurs  in  the  refrigerating 
machinery,  the  cargo  will  spoil,  as  the  insulation  is  not  reliable 
enough  to  keep  the  temperature  sufficiently  low  until  the  machinery 
can  be  repaired  and  the  system  put  to  work  again. 

The  speaker  had  an  experience  of  this  kind,  many  years  ago, 
when  on  board  a  meat  ship  running  from  Australia  to  London.  The 
machinery  broke  down  while  running  through  the  Red  Sea,  and 
more  than  half  the  cargo  spoiled  in  less  than  24  hours. 

A  few  years  ago,  in  a  meat  market  in  Seattle,  a  new  refrigerating 
plant,  which  had  what  might  be  called  ordinary  commercial  insulating 
material,  broke  down,  and  before  new  parts  could  be  obtained  to 
replace  the  broken  ones,  and  the  machinery  put  in  working  order 
again,  the  damage  to  the  meat  in  the  market  amounted  to  more  than 
the  cost  of  the  refrigerating  plant. 

Therefore,  when  it  comes  to  efficiency  in  insulation,  there  is  still 
room  for  improvement.  Perfection  cannot  be  attained,  but  balsa 
wood  will  surely  help  to  make  insulation  perfect,  as  it  is  not  onlj^  a 
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Mr.  very  efficient  non-conductor,  but  has  sufficient  structural  strength, 
■  and,  through  its  physical  properties,  permits  of  constructing  units 
with  practically  unbroken  insulated  surface  walls. 

A  small  ice-box,  or  pony  refrigerator,  made  by  the  Welin  Com- 
pany, is  of  balsa  wood,  2  in.  thick,  about  36  in.  long,  21  in.  wide, 
and  22  in.  deep,  and  weighs  about  30  lb.  Such  a  box  could  not  be 
made  up  of  any  other  known  insulating  material.  It  is  strong  enough 
to  stand  severe  jars,  and  a  man  could  jump  on  it  without  straining 
it  unduly.  Of  course,  other  woods  will  stand  more  rough  usage  than 
balsa,  but,  to  meet  this  factor  of  additional  strength,  particularly 
on  the  surface,  paneling  made  from  the  bark  and  waste  of  the  wood 
is  applied  to  the  outside. 

A  small  container,  on  the  order  of  a  thermos  bottle,  but  in  the 
form  of  a  box  made  of  1-in.  material,  has  a  capacity  of  about  1  cu. 
ft.  and  weighs  6  lb.  When  going  on  an  automobile  trip,  or  something 
of  that  sort,  the  "lunch"  can  be  placed  in  such  a  container — whether 
it  is  to  be  kept  hot  or  cold.  If  it  is  wanted  cold,  a  little  ice  should 
be  put  in  to  keep  it  so. 

Butter  has  been  sent  all  the  way  from  Virginia  to  Southern  Cali- 
fornia in  such  boxes,  at  an  average  outside  temperature  of  82°, 
and  the  trip  took  8  days,  by  the  slowest  route.  Yet,  when  the  boxes 
arrived  at  Los  Angeles,  the  butter  was  still  hard  and  frozen. 

Even  if  balsa  had  30%  less  efficiency  as  a  non-conductor,  the 
speaker  believes  that  it  would  meet  a  very  common  requirement  for 
insulation,  not  satisfied  by  another  material  lacking  in  structural 
strength,  which  makes  it  possible  to  eliminate  all  leakage  of  heat 
through  imperfect  joints,  or  by  use  of  cement  or  nails  which  may  be 
classified  as  good  conductors.  Other  insulating  materials  are  almost 
entirely  limited  to  use  as  a  lining  for  a  structure  built  of  good  con- 
ducting materials. 

The  speaker  has  a  dream  of  perfect  refrigerated  transportation 
and  conservation  which  may  be  of  interest:  It  is  growing  more  and 
more  expensive  to  live  in  America  and  in  many  other  countries. 
Food  seems  to  be  getting  more  scarce  and  more  expensive  all  the 
time;  heat  in  the  winter  and  cold  in  the  summer  are  rising  in  price, 
in  short,  the  cost  of  every  daily  need  is  "going  up." 

Much  of  the  increase  in  prices  is  due  to  waste,  and,  if  this  waste 
can  be  eliminated,  it  stands  to  reason  that  prices  will  go  down.  If 
foodstuffs  could  be  transported,  stored,  and  kept  in  first-class  condi- 
tion, not  only  the  tremendous  waste  which  exists  to-day  would  be 
done  away  with,  but  food  would  be  purer  and  would  retain  its  full 
nutritive  values,  and  this  is  very  important,  as  there  is  no  doubt 
that  cold-storage  food  will  have  to  be  used  to  a  large  extent. 

By  instituting  a  continuous  chain  of  proper  and  effective  cold- 
storage    and   transportation   facilities,    which    would    insure   the    safe 
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delivery  of  foodstuffs  with  a  minimum  of  deterioration  and  a  minimum  Mr. 
of  waste,  some  of  the  chief  causes  of  the  high  cost  of  living  would  be  "°  '°' 
removed,  ;ind  this  balsa  insulation  system  could  be  spread,  not  only 
over  the  Western  Continent,  but  all  over  the  world.  Foodstuffs  would 
travel  from  producer  to  consumer  in  balsa  containers — parcel  post 
boxes,  pony  refrigerators,  automobiles,  railroad  cars,  ships — to  be 
stored  in  balsa-walled  storage  warehouses,  and,  when  delivered,  would 
be  put  away  in  balsa  house  refrigerators. 

The  scope  of  this  enterprise  is  very  great.  Insurance  and  guaranties 
would  be  furnished  on  such  shipments,  for  with  such  highly  improved 
methods  to  lessen  the  possible  loss,  insurance  companies  would  find 
it  to  their  interest  to  establish  a  standard  specification  on  which 
basis  the  risk  on  perishable  foodstuffs  in  transit  could  be  covered. 

The  time  is  not  far  off  when  it  will  pay  every  architect  to  line 
his  buildings  with  1  or  2  in.  of  balsa  wood,  not  only  as  an  insulation 
lining  but  as  a  finish,  instead  of  plaster  and  such  coatings,  which 
crack  and  fall  down.  Very  attractive  effects  can  be  obtained  with 
paneling  in  the  interior  of  buildings. 

There  are  a  thousand  and  one  uses  for  balsa,  and  in  the  future 
new  ones  will  continually  develop.  Thanks  and  grateful  acknowledg- 
ment are  due  to  Professor  Carpenter  for  the  earnest  scientific  work 
he  has  done  in  investigating  this  wood. 
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SURGES  IN  AN  OPEN  CANAL 
Discussion.* 


By  Messrs.  Karl  R.  Kennison  and  Irving  P.  Chirch. 


Karl  R.  KENNisoN,t  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  ^  Mr. 
author's  determination  of  the  height  of  the  surge  in  an  open  canal, 
following  a  sudden  interruption  of  the  flow,  appears  to  be  based  on 
sound  theory.  It  is  particularly  interesting  to  the  writer  on  account 
of  the  intimate  relationship  between  this  surge  and  the  hydraulic 
jump,  the  discussions  of  which  are  published  with  the  writer's  paper 
"The  Hydraulic  Jump,  In  Open-Channel  Flow  at  High  Velocity''. § 
The  author's  treatment  of  the  hydraulic  theories  involved  is  complete, 
and  requires  little  to  be  said  in  addition.  The  same  conclusions,  how- 
ever, may  be  reached  in  a  different  way,  at  the  same  time  bringing 
out  some  interesting  characteristics  of  the  hydraulic  jump  which  were 
suggested  by  reading  this  paper ;  also,  a  formula  for  the  canal  surge 
is  submitted  herewith  which  is  simpler  than  that  deduced  by  the 
author. 

There  are  points  of  difference  between  the  ordinary  hydraulic  jump 
or  standing  wave  and  the  author's  receding  wave  which  at  first  seem 
inconsistent,  but  which  are  really  in  agreement.  It  has  already  been 
shown§  that  in  an  open  channel,  carrying  a  certain  quantity  of  water 
under  a  certain  head,  there  are  only  two  surface  levels  at  which  the 
water  can  flow  steadily.  If  the  velocity  is  less  than  ^g  X  depth,  it 
is  flowing  at  the  upper  alternative  stage,  and,  if  a  dam  of  the  proper 

*  This  discussion  (cf  the  paper  by  R.  D.  Johnson,  Esq.,  published  in  May, 
1916.  Proceedings,  but  not  presented  at  any  meeting),  is  printed  in  Proceedings 
in  order  that  the  views  expressed  may  be  brought  before  all  members  for  further 
discussion. 

t  Providence,   R.    I. 

t  Received   by  the  Secretary,   .June  23d,   1916. 

§  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXX,  p.  338. 
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Mr.  height  is  interposed,  it  will  drop  to  the  lower  alternative  stage.  If 
the  velocity  is  greater  than  ^J g  X  depth,  it  is  already  at  the  lower 
stage,  and  may  jump  to  the  upper  stage  by  meeting  either  an  obstruc- 
tion, which,  if  of  the  right  height  and  smoothness,  may  avoid  all  but 
incidental  eddy  losses,  or  a  change  in  channel  conditions  sufficient 
to  cause  the  normal  jump  with  its  eddy  losses,  as  ordinarily  observed. 
The  question  may  arise:  how  can  the  level  in  a  low-velocity  canal, 
which  is  already  at  the  upper  alternative  stage,  jump  any  higher  on 
the  sudden  closing  of  a  gate,  even  higher  than  the  level  of  quiet  water 
before  its  acceleration  into  the  canal  entrance,  as  the  author  states? 

The  explanation  is  that  the  conclusions  previously  drawn,  with 
reference  to  the  hydraulic  jump,  assumed  that  the  jump  was 
in  every  case  stationary,  not  moving  up  or  down  stream.  Now, 
if  this  standing  wave  travels  along  the  channel,  we  may,  since 
velocity  is  only  relative,  correct  all  the  velocities  by  an  amount 
equal  to  the  velocity  of  the  wave,  and  then  the  conclusions  re- 
garding the  hydraulic  jump  apply  correctly  to  all  such  moving  waves. 
For  example,  a  suddenly  interrupted  canal  flow,  though  flowing  appa- 
rently at  the  upper  low-velocity  stage,  is  approaching  the  (receding) 
wave  at  so  high  a  relative  velocity  that  it  is  relatively  at  the  lower 
stage  and  capable  of  jumping  higher.  In  fact,  when  we  consider  the 
standing  wave  or  jump  as  movable  along  the  stream,  instead  of 
stationary,  there  are,  instead  of  two,  an  indefinite  number  of  possible 
water  levels.  It  can  even  be  shown  that  absolutely  still  water  in  an 
open  channel  can  theoretically  be  made  to  drop  to  any  lower  level 
or  to  rise  to  any  higher  level  by  the  passage  of  a  standing  wave. 

This  relationship  between  the  hydraulic  jump  and  the  surge  in  an 
open  canal  is  already  clear  to  one  who  has  followed  the  author's 
admirable  mathematical  analysis.  At  the  risk  of  some  uninteresting 
repetition,  an  attempt  is  made  to  say  the  same  thing  in  a  different  way, 
and  also  to  show  graphically  some  peculiarities  of  the  hydraulic  jump 
and  its  relation  to  the  canal  surge.  The  writer  has  foimd  that  ele- 
mentary diagrams  like  these  are  often  helpful  in  getting  a  clear  idea 
of  the  subject. 

In  Fig.  1,  two  smooth  obstructions  or  dams  are  assumed  to  be  kept 
a  uniform  distance  apart  and  moved  along  the  bottom  of  a  rectangular 
flume  containing  still  water,  with  the  result  that  the  water  level 
drojis,  as  shown,  and  rises  again  to  still  water,  neglecting,  of  course, 
friction  and  incidental  eddies.  The  dimensions  are  chosen  so  that 
J  direct  comparison  may  be  made,  if  desired,  with  Figs.  3  to  8  in  the 
writer's  paper,  "The  Hydraulic  Jump,  In  Open- Channel  Flow  at  High 
Velocity".  Higher  dams  moved  at  lower  velocity  would  cause  a  drop 
lower  than  shown,  and  lower  dams  at  higher  velocity  a  drop  not  as 
low.  The  same  height  of  dams,  moved  much  more  slowly  than  shown, 
would  cause  only  a  local  depression  over  each  dam.     They  could  not 
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be  moved  faster  without  raising  the  level  of  the  still  water   ahead,       Mr. 
until  their  velocity  is  increased  to  that  shown  in  Fig.  2.     Then  the    ^""  ^*^°" 
water  would  rise  theoretically  as  shown  and  drop  again  to  still  water, 
neglecting   friction    and    incidental    eddies,    which,    of    course,    would 


RECTANGULAR  FLUME 


FRICTION  NEGLECTED 


5.:i2  ft.  per  sec. 

Fig.  1:— Dams  A  and  B  moved  through  still  water. 


Fig.  2.- Same  as  Fig:  1,  except  that  A  and  B  are  moved  about  six  times  as  fast. 


31.1  ft.  per  sec. 

FiQ.  3.— Same  as  Fig.  2,  except  that  B  is  replaced  by  gate  moving  about  half  as  fast. 


17.4  ft.  per  sec. 


(or  15.0  ft.  per  sec.) 


(or  stationary) 


I  /or  17.1  ft.  per  sec.  ^    ::^fy> — ^\ 


All  three  sets  of  velocities 
are  the  same  relatively. 
Those  In  first  parentheses 
satisfy  the  equation  of  the 
hydraulic  jump.  Those  la 
second  parentheses  repre- 
sent case  of  suddenly 
interrupted  flow.- 


Fig.  4. -Same  sis  Fig.  3,  except  that  A  is  removed  so  that  jump,  instead  of  occuring 
without  loss  of  head,  contains  the  normal  jump  losses,  the  surface  is  not  lifted  so  high, 
and  the  standing  wave  travels  faster. 

actually  be  considerable  at  this  velocity.  In  Fig.  3,  one  of  the  dams 
is  replaced  by  a  gate;  and,  in  Fig.  4,  the  other  dam  is  removed,  result- 
ing in  a  case  exactly  similar  to  the  suddenly  interrupted  canal  flow 
described  by  the  author. 
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All  velocity  being  relative,  the  absolute  velocities  in  Fig.  4  are 
also  expressed  relative  to  tlie  velocity  of  the  standing  wave,  illustrating 
the  normal  hydraulic  jump,  and  also  relative  to  the  gate,  illustrating 
the  canal  surge.  These  four  figures  are  not  necessary  to  show  this 
relation,  but  they  may  prove  interesting  in  a  study  of  the  hydraulic 
principles  involved. 

It  is  apparent,  therefore,  that  to  find  a  general  expression  (neglect- 
ing friction)  for  the  resulting  depth,  D,  in  a  channel  of  rectangular 
cross-section  in  which  the  water,  flowing  with  depth,  d,  and  velocity, 
V,  is  suddenly  checked,  it  is  merely  necessary  to  take  Professor  Unwin's 
formula  for  the  hydraulic  jump,*  which  is  in  excellent  agreement  with 
experiment  and  is  apparently  based  on  sound  theory,  and  substitutes 
for  the  velocity  before  the  jump  its  value  in  terms  of  the  difPerence 
in  velocities  before  and  after  the  jump.  The  result  checks  exactly 
with  the  equation  deduced  independently  by  the  author.  Since  this 
is  a  cubic  equation,  it  cannot  be  solved  easily,  except  by  trial.  The 
following  simple  equations  will  probably  be  found  more  convenient. 
They  are  not  mathematical  equivalents  of  the  Unwin  quadratic  equa- 
tion for  the  hydraulic  jump  and  the  author's  cubic  equation  for  the 
canal  surge,  but,  as  shown  by  Table  1,  for  all  reasonable  uses,  the 
error  is  well  within  the  precision  attainable  in  hydraulic  computations 
of  this  nature,  d  is  the  depth,  in  feet,  and  v  is  the  velocity,  in  feet 
per  second,  in  a  rectangular  (frictionless)  flume.  D  is  the  depth  after 
the  jump. 

For  the  hydraulic  jump  or  standing  wave : 

"  ^^— 0.45  a (1) 


D  = 


For  the  receding  wave  caused  by  sudden  interruption  of 


flow; 


D='- 


+  0.99  d. 


(2) 


TABLE  1. — Approximate  Values  of  D  -^  d. 


By  the  Unwin  or  Johnson 
Formulas. 

By  Equation  (1). 

By  Equation  (2). 

1.20 
1.40 
1.60 
2.00 
4.00 
6.00 
10.00 
20.00 

1.18 
1.39 
1.60 
2.00 
4.03 
6.05 
10.07 
20.10 

1.21 
1.41 
1.60 
1.97 

*  Proceedings,  Am.   Soc.   C.   E.,  for  February,   1916,  p.  292,  Fig.  35  ;   or  Trans- 
actions, Am.  Soc.  C.  E.,  Vol.  LXXX,  p.  410. 
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Irving  P.  Church  *  Assoc.  Am.  Soc.  C.  E.  (by  letter). f — As  regards  Mr. 
the  very  iuterestingr  problem  involved  in  this  paper,  on  the  surge  ])ro-  ^^"'■^^• 
duced  in  a  nearly  level,  open  canal  of  rectangular  section,  in  which 
water  is  initially  flowing  with  uniform  velocity,  when  a  vertical  gate 
is  suddenly  dropped  and  completely  closes  the  channel,  the  writer  recalls 
no  prior  treatment  in  English,  except  as  found  on  the  last  page  of 
an  article  by  Mr.  Ford  Kurtz. 4:  In  his  treatment,  however,  in  applying 
the  method  involving  ''change  of  momentum"  Mr.  Kurtz  inadvertently 
used  the  mass  of  the  flow  per  second  of  the  water  approaching  the 
advancing  surge  and  as  yet  unaffected  by  it,  instead  of  the  mass 
suffering  impact  per  second,   in  forming  his  expression  for  the  rate 


of  change  of  momentum  ;  tliat  is  (in  his  notation),  he  wrote 


instead  of 


r  ?>  h^ 


X 


I. 


Had  he  used  the  latter  expression,  he  would 
9  t 

have  arrived  at  a  result  identical  with  Mr.  Johnson's  Equation  (1). 

Turning  to  French  sources :  Flamant§  gives  the  following  demon- 
stration (here  modified  for  a  channel  of  rectangular  section  and 
constant  width,  h,  and  with  some  of  the  notation  of  the  present  paper). 
See  Fig.  5. 


^^?^^W?^^^^^?^????^^5^^?^^^^??^b^^^5^?^^J^?J^^??5^^^^^^^5 


Fig.  5. 

Let  AB  be  a  rigid  vertical  plate,  or  gate,  entirely  closing  the  end 
of  a  straight  horizontal  channel  of  rectangular  section  and  constant 
width,  h,  which  contains  water  at  rest,  extending  indefinitely  to  the 
right,  and  of  depth,  d.  The  plate  is  at  right  angles  to  the  sides  of 
the  channel.     Let  the  plate  now  assume  instantaneously  a  velocity  of 

*  Ithaca,  N.  Y. 

t  Received  by  the  Secretary,  June  29th,  1916. 

t  "Application  of  Newton's  Second  Law  of  Motion  to  Certain  Hydraulic  Problems". 
The  Cornell  Civil  Engineer,  January,  1916.      Published  at  Cornell  University,  Ithaca, 

N.  Y. 

§  "Hydraulique  ",   p.  415,   Second   ed.,   Paris,   1900. 
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Church 


at  constant  value.  The  water  near  the  plate  acquires  (in  small  install- 
ments) the  same  velocity,  U,  and  is  heaped  up  in  front  of  it  with  a 
flat  top  and  constant  depth,  D,  the  front  edge,  C"C,  of  this  wave 
(wave-front)  moving  toward  the  right  with  some  constant  velocity,  V. 
Let  D  —  d,  or  the  height  of  the  wave,  be  denoted  by  h.  If  y  is  the 
weight  of  a  cubic  unit  of  water,  the  total  horizontal  pressure  (above 

atmospheric)  between  the  plate  and  the  raised  water  is  — - —  ;  and, 

similarly,  that  between  the  vertical  face,  CE,  of  the  water  just  under 

the  wave  front  and  the  (as  yet)  stationary  water  on  its  right  is  — - — . 

Let  us  now  trace  the  motion  for  the  first  second  of  time.     At  the  end 

of  this  second  the  plate  is  at  A'  B',  having  moved  a  distance  AA'  =   Z7, 

the   wave  front  is  at   O,  at  a  distance  AG  =    F,  from  AB^   and   the 

parallelopiped    of    water,    A"C"CEB'A' A"    has    a    velocity,    JJ    (the 

water  on  the  right  being  still  at  rest)  ;  while  at  the  beginning  of  this 

second,  the  plate  being  at  AB,  this  same  mass  of  water  formed  the 

parallelopiped,  ACEBA,  and  liad  a  velocity  of  zero.      The   change   of 

momentum  brought  about  in  this  mass  during  the  first  second,  therefore, 

r  Vb  cl 
is  (U  —  0),  which  is  also  the  rate  of  change  of  momentum, 

since  the  time  concerned  is  a  unit.  Hence,  equating  the  sum  of  the 
horizontal  components  of  the  external  forces  to  the  rate  of  change  of 
momentum  in  a  horizontal  direction  (neglecting  friction  on  the  bed), 
we  have 

~^~' — 2-  =  ^r~^ ••; ^^ 

Water  being  incompressible,  we  have  also :  volume,  AA'B'B  =  that 
of  the  horizontal  "lamina",  A"C"CA^A'';  whence 

Ud  =  (V  —  U)  (D  —  d) (3) 

or, 

UD  =  V(D  —  d) (3a) 

that  is,  replacing  D  —  d  hj  Flamant's  symbol,  h  (height  of  wave),  we 
may  also  write 

Ud  =  (V  —  U)h (3b) 

and 

UD  =  Vh (3c) 

Eliminating  U  by  means  of  Equations  (2)  and  (3&),  and  writing 
h  for  D  —  d,  we  may  solve  for  V,  obtaining 

F  =  J,[<T+|^  +  ^xf] (4) 
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or,  approximately,  since  the  last  term  in  the  bracket  is  generally  quite     Mr. 
small  compared  with  those  preceding, 

V  =  ^g[d  +  ^h'] (4«) 

or  again,  expanding     1  +  it  X  -y  p,  and  retaining  only  the  first  two 

terms  of  the  converging  series  (that  is,  neglecting  (  j  and  higher  pow- 
ers as  compared  with  the  first  two  terms),  we  derive  another  approximate 
relation.  rt2. : 

''=[1+1^11x1"'' • <■""' 

Flamant  does  not  attempt  to  solve  for  the  wave  height,  h,  in  terras 
of  U  and  d,  but  is  principally  interested  in  the  value  of  V,  the  velocity 
of  wave  propagation  ;  but,  if  we  substitute  in  Equation  (2)  the  value  of 
F  derived  from  Equation  (3a),  there  is  obtained 
2)2  _  d^         B  d  Tp 

^-D^i^T <■'> 

a  cubic  in  Z>,  if  I)  (and  finally  /i,  =  D  —  d)  is  sought ;  Z7  and  d  being 
given. 

Leaving  Flamant's  demonstration,  it  is  noted  that,  relatively  to  the 
moving  plate,  the  still  water  on  the  right  of  CE  has  a  velocity  toward 
the  plate  (call  this  velocity  v)  equal  to  U ;  and,  similarly,  that  the 
velocity  (call  it  Vg)  of  the  wave  front,  C"CE,  relatively  to  the  moving 
plate,  is  A  C,  that  is,  Y  —  U,  away  from  the  plate.  It  follows,  there- 
fore, that  in  case  the  water  in  the  open  channel,  with  depth,  d,  has 
originally  a  velocity  of  v  feet  per  second  toward  the  left  and  the 
plate  is  suddenly  dropped,  so  as  to  block  completely  the  flow  toward 
the  left,  and  remains  fixed  in  that  position,  the  values  of  the  wave- 
front  velocity,  v^,  and  of  D  (or  of  wave  height,  h),  become  determin- 
able by  simply  substituting  v  for  U,  and  v^-\-  v  for  V,  in  the  preceding 
equations,  v^,  therefore,  is  the  velocity  of  the  wave  front,  or  surge, 
and  D  is  the  depth  of  the  (now  motionless)  water  between  the  plate 
and  the  wave  front.  This  conception,  by  which  the  solution  of  the 
surge  problem  may  be  based  on  that  of  the  plate  advancing  against 
still  water,  is  introduced  by  the  French  engineer,  Bazin,  in  a  report 
(to  be  referred  to  later)  on  the  experimental  investigation  of  both 
cases. 

In  this  way,  then,  we  obtain  for  the  problem  of  the  surge  wave 
dealt  with  by  Mr.  Johnson, 

V-,r  Bel     ^^ ^,_^ 


D  —  d  rj 
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Mr.     (which  checks  the  author's  Equation  (1)),  and 

Church. 


I    r  3  1  h'^-i 

r^^^g^cl  +  -h  +  -X—\ 


(7) 


In  these  equations,  and  also  in  all  subsequent  formulas,  the  author's 
notation  is  used,  with  the  addition  of  h  =  D  —  d.  We  may  also 
set  down  for  this  case  the  approximate  relations  (see  Equations  (4a) 
and  (4a)')  : 


sjyl^i 


-f^l-'' (^) 


As  reirards  solving  separately  for  the  height  of  surge,  /i,  or  D  —  c?, 
we  may  write  I'j  +  v  for  F,  and  v  for  Z7,  in  Flamant's  Equation  (2), 
combine  with  Equation   (9),  and  then   solve   the   resulting  quadratic  ; 

whence,  if  r  ^  —  be  denoted  bv  A-,  there  results 
N/  g 

/i  =  ^  r  V  16  (l^  +  8  A-  f?  +  9  r-  +  3  A  —  4  f/l (10) 

as  a  fair  approximation  when  /;-  is  small  compared  with  d. 
We  have  also  from  Equation  (3&) 

vd  =  v^h (10a) 

In  his  report*  to  the  French  Academy  of  Sciences  on  an  experi- 
mental investigation  of  the  proj)agation  of  waves  in  open  channels, 
Bazin  gives  the  data  and  results  of  Bidone  (1824)  in  the  same  field 
as  well  as  Darcy's  (1856).  Bidone's  experiments  were  performed 
on  a  very  small  scale,  his  channel  being  only  about  2  ft.  wide  and 
about  40  ft.  long  in  which  to  create  and  observe  the  wave  phenomena ; 
whereas  Darcy  and  Bazin  made  use  of,  not  only  an  experimental 
channel  about  6.5  ft.  wide  and  more  than  1  000  ft.  long,  with  depths 
of  water  of  2  ft.  and  less,  but  also  of  a  straight  reach  of  a  navigation 
canal,  some  3  000  ft.  long  and  30  ft.  wide,  with  depths  as  great  as  3  ft., 
as  well  as  of  a  smaller  basin  20  ft.  wide. 

Such  being  the  fairly  large  scale  on  which  the  Darcy  experiments 
were  made,  it  has  always  seemed  remarkable  to  the  writer  that  Bidone's 
results  should  be  quoted  so  frequently  in  American  books  on  hydraulics, 
with  little  or  no  mention  of  Darcy's  (in  this  field  of  wave  motion, 
standing  waves,  etc.). 

According  to  this  report  of  Bazin's,  Bidone  derived  the  following 
relations    from    his    experiments    with    surges    going    up    stream    and 

*  "Recherches  Hydrauliques"  ;  by  Darcy  and  Bazin,  Deuxieme  Partie,  Paris, 
1865. 
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caused  by  the  abrupt  closing  of  a   transverse  prate  in   moving  water,     Mr. 
channel  rectangular,  viz. :  Church. 

h=  r^X-^ (11) 

h  2  (J 

,      ^'^  r  1       I^^M     1^1 

which  may  be  written  /i  =  -—    —  +  .     -^V-  H (12) 

2  7  L  2         N      v  4-1 

r  (1 
a»nl  ^3^"^ ^^""^^ 

As  to  the  formulas  based  by  Bazin  on  the  Darcy  experiments,  let  us 
first  note  that  in  1844  J.  Scott  Russell  presented,  at  the  Fourteenth 
Meeting  of  the  British  Association  for  the  Advancement  of  Science, 
an  account  of  his  interesting  experiments  on  the  "wave  of  translation" 
in  still  water.  These  were  made  on  quite  a  small  scale,  in  a  channel 
of  rectangular  section,  and  led  to  the  formula,  V  =  s/ g{d  -f-  h),  for 
the  velocity  of  the  wave.  (Compare  with  Flamant's  Equation  (4a).) 
This  result  was  verified  very  satisfactorily  by  the  Darcy  experiments 
on  the  same  phenomenon,  these  being  made  on  a  much  larger  scale. 
Bazin,  therefore,  adopted  this  formula,  modified  to  suit  the  altered 
conditions,  as  a  foundation  for  an  expression  for  the  velocity  of 
wave  propagation  for  the  case  now  under  discussion  (sudden  complete 
closing  of  a  gate  across  a  rectangular  channel  containing  moving 
water).     That  is,  he  first  writes 

Wg  ^  Vg  (r7  +  h)  —  V (14) 

and  then  eliminates  h  by  the  aid  of  the  relation, 

h  v^  =  V  d (15) 

see  Equation   (10a).     The  resulting  cubic  in  v^  can  be  factored,  and 
yields  one  positive  root,  viz. : 


K"+4)-¥ <"') 


But,  experiment  showing  a  somewhat  larger  value  for  h  in  terms 
of  I'g  than  as  given  by  Equation  (15),  he  modifies  the  algebraic  rela- 
tions on  that  basis  and  finally  obtains,  as  fairly  justified  by  experiment, 

/      2  O 

^^3=  nJj  +^^^-|  ^' (^^) 

and,  as  an  average, 

,=hl^ (18) 


As  it  may  be  of  interest  to  compare  the  results  obtained  from  these 
various  formulas,  let  us  take  the  data :  f  ^  4  f t.  per  sec,  and  d  =  4:  ft., 
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Mr.     to  find  both  v^  and  h   (that  is,  D  —  d).     The  results  are  shown  in 

Church.  ^^^^^  2. 

TABLE  2. 


Equation  from  which  derived. 

in  feet. 

Vs, 

in  feel  per  second. 

Equation  (6),  Johnson 

(7)          "        

(8) 

1.518 
i'.hk' 

1.544 

i'.gs' 

io!53 
10.22 

{9i 

10.56 

(101 

(12),  Bidone 

ti 

(13)         "       

10.39 

(17),  Bazin 

9.92 

(18)         '•      

Bazin  calls  attention  to  an  important  fact  which  escaped  the 
attention  of  Bidone:  that  the  height  of  wave  at  the  wave-front  itself 
is  somewhat  greater  than  that  of  the  portion  of  water  behind.  Bazin's 
formula  seems  to  provide  for  this. 
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Sanford  E.  Thompson,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  work  Mr. 
of  the  Committee  is  the  first  investigation  of  earths  and  methods  of  o™p^o°- 
tests  of  earths  on  a  basis  which  is  scientific  and,  at  the  same  time, 
designed  to  form  a  foundation  for  practical  conclusions.  Undoubtedly, 
the  work  will  be  criticized  by  some  as  theoretical.  When,  however,  we 
consider  the  present  practice  of  basing  all  determinations  of  this  char- 
acter on  judgment — a  reliable  guide  where,  and  only  where,  it  is 
sufficiently  backed  up  by  experience — the  need  of  greater  knowledge 
of  facts,  and  then  of  more  definite  rules,  based  on  tests  and,  if  possible, 
on  formulas,  is  evident.  The  fact  that  we  find  scarcely  two  soils  which 
are  alike  is  no  reason  for  adhering  permanently  to  rule-of-thumb  pro- 
cedure, but  is  a  condition  which  shows  the  necessity  for  a  thorough 
and  far-reaching  study.  In  connection  with  construction  manage- 
ment, the  writer  has  found  it  necessary  to  go  into  the  study  of  the 
rules  to  a  limited  extent,  far  enough,  however,  to  appreciate  the  size 
of  the  problem  and  the  difficulties  to  be  encountered,  and,  at  the  same 
time,  to  appreciate  the  possibility  of  a  more  rational  and  scientific 
treatment  than  has  hitherto  been  considered  possible. 

Thus  far  the  Committee  has  attempted  to  study  simply  the  funda- 
mental principles.  It  is  to  be  hoped  that  its  members  will  have  the 
patience  and  receive  the  encouragement  needed  for  a  continued  prose- 
cution of  the  work. 

*  Discussion  of  Progress  Report  of  the  Special  Committee  to  Codify  Present 
Practice  on  the  Bearing  Value  of  Soils  for  Foundations,  etc.,  for  1915,  continued 
from  May,   1916,  Proceedings. 

t  Newton   Highlands,   Mass. 

t  Received  by  the  Secretary,  May  31st,  1916. 
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By  Messrs.  Gerard  H.  Matthes,  H.  K.  Barrows,  N.  C.  Grover,  and 

E.  C.  LaRue. 


Gerard  H.  MAXTHES.f  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  writer  Mr. 
endorses  very  heartily  the  recommendation  contained  in  the  Progress  *"  ^^' 
Report  of  the  Special  Committee  on  Floods  and  Flood  Prevention, 
urging  the  establishment  and  unification  of  systematic  rainfall,  run-off, 
and  flood  observations  covering  the  entire  United  States  in  far  greater 
detail  than  has  yet  been  attempted ;  also,  the  recommendation  contained 
in  the  Minority  Report,  urging  the  creation  of  a  special  agency,  sup- 
ported by  adequate  appropriations,  for  carrying  on  this  work.  Oui' 
knowledge  of  floods  in  general  is  sorely  in  need  of  systematic  develop- 
ment; the  recommendations  referred  to  indicate  the  first  logical  step 
to  that  end. 

There  is  a  crying  need  for  carefully  compiled  chronological  flood 
data  showing  dates  of  occurrence,  flood  heights,  distribution  and  quan- 
tities of  rainfall,  rates  of  run-off,  and  notes  as  to  what  tributaries  were 
directly  responsible  for  the  formation  of  flood  crests,  for  all  rivers  of 
importance,  and  including  also  the  lesser  streams  which,  owing  to 
geographical  or  commercial  conditions,  present  special  flood  problems. 
The  writer  believes  that  the  Committee  can  render  the  Profession  no 
greater  service  than  by  outlining  a  plan  of  procedure  for  collecting, 
collating,  and  publishing  such  facts  systematically. 

A  review  of  available  river  stage,  stream  flow,  and  rainfall  data 
reveals  a  deplorable  lack  of  accurate  statistics  pertaining  to  either 
floods  or  to  extreme  low-water  conditions.     Yet,  these  two  subjects  are 

*  Discussion    of    Progress    Report    of    the    Special    Committee    on    Floods    and 
Flood   Prevention   for  1915,   continued   from   May,   1916,   Proceedings. 
t  Dayton,  Ohio, 
t  Received  by  thv?  Secretary,  May  IZth.  1916. 
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Mr.      of    more    economic    importance    than    any    others    pertaining    to    the 


Matthes. 


regimen  of  streams.  Floods  are  at  present  attracting  unusual  interest; 
low-water  stages  and  droughts  will  probably  become  of  more  and  more 
interest  as  time  goes  on.  As  matters  now  stand,  the  practising  engi- 
neer, who  is  required  to  study  and  report  on  means  for  abating  flood 
damage  in  a  given  locality,  finds  three  distinct  classes  of  information 
at  his  command: 

1. — River  stage,  stream  flow,  and  rainfall  observations,  made  under 
the  direction  of  Federal  and  State  bureaus,  and  of  certain 
corporations,  all  of  which  observations  are  more  or  less  readily 
obtained  in  printed  form.  In  this  class  belong  also  miscel- 
laneous data  published  in  technical  journals. 
2. — Data  pertaining  to  floods  which  antedate  the  periods  covered 
by  existing  records,  and  concerning  which  but  little  has  been 
published  in  technical  publications. 
3. — High-water  marks. 

Each  class  of  data  possesses  limitations  of  its  own,  as  will  appear 
from  the  following  considerations.  Data  of  Class  1  are  generally  re- 
garded as  affording  the  most  reliable  information.  Unfortunately, 
river  stage  records  are  available  for  comparatively  few  streams,  and 
rainfall  records  are  obtained  at  illogically  distributed  points.  The 
average  river  stage  record  does  not  cover  more  than  20  years,  a  period 
entirely  inadequate  for  studying  floods  with  reference  to  their  fre- 
quency. Even  40-year  records,  of  which  a  number  are  in  existence,  are 
inconclusive  in  this  respect,  because  they  contain  rarely  more  than 
one  extraordinary  flood.  The  principal  short-coming  of  such  records, 
however,  is  that  they  were  obtained  primarily  to  supply  information 
of  a  general  nature,  and  not  to  afford  specific  information  regarding 
floods.  This  fault  has  been  recognized,  and  is  being  remedied.  The 
United  States  Geological  Survey  and  the  United  States  Weather 
Bureau,  in  recent  years,  have  instructed  their  observers  to  record  the 
maximum  or  crest  stage  of  each  flood,  and  in  case  of  flood  stages 
caused  by  back-water  from  ice  jams,  to  make  notes  to  this  effect. 
Previous  to  this  there  was  no  definite  practice,  some  observers  report- 
ing readings  taken  at  the  customary  hour,  others  reporting  the  crest 
stage  without  stating  in  all  instances  the  time  of  its  passing.  Others 
took  sufficient  interest  to  obtain  a  series  of  readings  during  a  flood, 
but  the  Bureau,  in  publishing  the  record,  contented  itself  with 
averaging  them  and  printing  the  meaningless  figure  thus  obtained 
as  representing  the  average  gauge  height  for  the  day.  This  practice 
is  still  in  vogue  in  some  quarters.  Many  flood  heights  published  by 
the  Signal  Service  and  the  Weather  Bureau  in  their  earlier  reports, 
on  investigation,  have  proved  to  be  distortions  caused  by  ice  jams, 
and  are  not  to  be  taken  as  indications  of  flood  discharge.     Failure  on 
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the  part  of  engineers  to  investigate  and  check  up  such  records  before  Mr. 
using  them  has  resulted  in  the  indiscriminate  use  of  observations  ^^""'*^^- 
which  are  not  comparable.  Some  engineers  believe  that  inaccuracies 
and  inconsistencies  of  the  kind  referred  to  are  not  likely  to  affect  their 
conclusions  one  way  or  another.  Others,  unaware  of  the  defects,  have 
taken  the  records  for  gospel  truth,  and  with  painstaking  care  have 
made  them  the  basis  of  mathematical  and  graphical  studies,  assigning 
to  them  a  value  which  is  wholly  unwarranted. 

There  is  an  urgent  need  for  a  complete  revision  of  all  published 
river  stage  records  and  stream  flow  data,  in  so  far  as  they  relate  to 
floods.  The  importance  of  this  matter  cannot  be  over-emphasized.  A 
revision  of  this  kind  was  undertaken  some  time  ago  by  the  Water 
Supply  Commission  of  Pennsylvania  for  the  streams  of  that  State,  as 
a  result  of  which  many  of  the  theretofore  published  maximum  rates 
of  run-off  have  been  materially  increased.  The  writer's  studies  in 
this  field  lead  him  to  believe  that  probably  50%  of  the  maximum  run-off 
figures  published  by  various  authorities,  among  them  the  much  quoted 
ones  of  the  late  Emil  Kuichling,  M.  Am.  Soc.  C.  E.,  do  not  represent 
crest  stages  at  all,  but  are  based  on  unscientific  observations  of  the 
kind  just  alluded  to,  and  are  not  even  reliable  24-hour  averages.  The 
seriousness  of  this  state  of  affairs  is  not  generally  recognized,  and  de- 
serves the  earnest  attention  of  the  Committee. 

It  is  generally  recognized  that  the  number  of  river  and  rainfall 
stations  should  be  greatly  increased.  Co-operation  between  the  Federal 
Government  and  individual  States  has  given  good  results  in  some  cases. 
As  an  instance  of  what  may  be  accomplished  by  a  State  acting  inde- 
pendently, may  be  cited  Pennsylvania,  which  in  1907  took  over  from 
the  U.  S.  Geological  Survey  a  score  of  river  stations,  and  has  increased 
this  number  until  at  present  observations  are  received  from  more  than 
100  stations. 

The  development  of  our  knowledge  of  floods  by  continuing  existing 
records  and  starting  new  ones  is  only  one  phase  of  the  subject;  the 
other  phase  is  to  gain  knowledge  concerning  floods  which  took  place 
before  regular  observations  were  begun.  This  involves  the  collecting 
and  collating  of  data  of  Class  2. 

Much  valuable  information  concerning  floods,  their  heights  and 
causes,  is  obtainable  by  consulting  the  files  of  historical  societies, 
public  and  private  libraries,  newspapers,  old  diaries,  private  records, 
and  unpublished  matter  of  various  kinds.  Extensive  researches  by 
the  writer  in  this  field  have  taught  him  that  there  is  a  vast  quantity 
of  good  material  awaiting  him  who  will  take  the  troubl'e  to  unearth  it. 
Such  material,  when  properly  interpreted,  and  utilized  with  care,  so 
as  to  eliminate  erroneous  data,  can  be  made  of  great  value,  covering 
as  it  usually  does  the  major  portion  of  the  history  of  any  river,  in  point 
of  time.     Obviously,  a  150-year  record,  consisting  of  fairly  complete 
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Mr.  data  relating  to  great  floods,  will  be  of  much  greater  value  in  determin- 
ing a  future  flood  control  policy,  than  a  40-year  record  of  daily  gauge 
heights  obtained  on  the  same  stream  by  a  $5  per  month  uneducated 
observer. 

Some  attempts  have  been  made  to  compile. flood  records  for  a  few  of 
the  more  important  streams  of  the  United  States,  the  data  extending 
back  to  the  earliest  days  of  settlement.  The  reason  more  has  not  been 
done  along  this  line  is  that  it  has  not  been  made  anybody's  business  to 
attend  to  it,  and  because,  also,  of  a  certain  amount  of  prejudice  generally 
prevailing  against  the  use  of  non-technical  data.  Federal  and  State 
bureaus  have  made  little  effort  to  collect  information  of  this  kind, 
principally  for  lack  of  appropriations,  and  partly  because  of  inertia  to 
be  overcome  in  stepping  out  of  the  beaten  paths  of  regular  routine. 
The  nearest  approach  to  work  of  this  kind  was  undertaken  by  the 
Water  Resources  Branch  of  the  TJ.  S.  Geological  Survey,  when,  in 
Water  Supply  Papers  Nos.  96,  147,  and  162,  it  published  accounts  of 
destructive  floods  during  the  years,  1903,  1904,  and  1905,  respectively, 
including  many  references  to  early  floods.  The  Weather  Bureau  has 
also  listed  early  floods  for  a  few  streams.  Without  doubt,  both  these 
bureaus  possess  a  large  quantity  of  material,  which,  if  carefully  checked 
and  amplified,  would  become  most  valuable  contributions  to  flood 
literature.  In  its  present  condition,  such  information  lies  dormant, 
and  is  of  no  benefit  to  the  Profession. 

Reverting  next  to  Class  3,  High-water  marks,  it  appears  that  man- 
kind, since  the  earliest  times,  has  manifested  a  keen  interest  in  the 
destructive  action  of  rivers.  Before  the  days  of  regular  observations, 
it  had  become  a  frequent  practice  to  perpetuate  by  permanent  marks 
the  height  attained  by  great  floods.  The  extent  to  which  this  has  been 
done  along  the  streams  in  the  early  settled  portions  of  the  United 
States  is  remarkable,  as  will  be  testified  to  by  those  who  have  had  oc- 
casion to  make  systematic  search  for  such  marks.  Here,  as  elsewhere, 
in  dealing  with  information  pertaining  to  floods,  it  is  of  the  utmost 
importance  to  guard  against  errors,  and  it  is  necessary  to  check  the 
marks,  not  only  against  each  other,  but  by  comparing  the  information 
which  they  furnish  with  that  obtained  from  accounts  and  other  data. 
When  made  on  factories,  mills,  pumping  stations,  and  bridges  by  the 
mechanics,  millers,  or  engineers  thereof,  such  marks,  as  a  rule,  are  well 
recorded  and  reliable. 

The  present  condition  of  our  knowledge  of  flood.^  is  such  that  few 
practising  engineers  are  placed  in  a  position  where  they  can  utilize 
to  advantage  any  one  of  the  three  classes  of  flood  data  here  discussed. 
Lack  of  facilities,  and  lack  of  access  to  old  files  or  other  sources  of  in- 
formation stand  in  the  way,  and  freqiiently  the  problem  must  be  solved 
by  guesswork  where  reliable  data  might  have  been  used  had  it  been 
available    in    conveniently   accessible   form.     It   should   be   made   the 
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province  of  Federal  or  State  bureaus  to  remedy  this  condition.     To  do     jir. 
so  calls  for  considerable  research  and  academic  work,  neither  of  which  ^*"*'®^- 
should  devolve  on  the  practising  engineer,  or  become  a  source  of  ex- 
pense to  his  client. 

In  conclusion,  the  writer  wishes  to  state  that  it  is  to  be  regretted 
that  the  duties  of  the  Committee  were  limited  to  the  investigation  of 
Qood  matters  only;  they  should  have  included  an  investigation  of  low- 
water  conditions.  The  subjects  are  closely  related,  and  the  methods 
which  may  be  utilized  for  systematizing  the  knowledge  concerning  the 
one  could  without  doubt  be  made  to  apply  to  the  other.  It  is  to  be 
hoped  that  this  important  feature  will  not  be  overlooked  when  an  agency 
is  created  such  as  suggested  in  the  Minority  Report.  Such  an  agency 
could  handle  advantageously  matters  relating  to  low  as  well  as  to  high 
water.  Great  floods  have  left  their  imprints  where  they  may  be  seen 
for  generations  to  come;  but  low- water  stages  have  left  no  such  records 
behind  them.  Unless  an  effort  is  made  soon  to  trace  back  the  happen- 
ings of  this  class  which  took  place  in  years  past,  it  will  become  increas- 
ingly difficult  to  glean  much  on  this  important  subject. 

H.  K.  Barrows,*  M.  Am.  See.  C.  E.  (by  letter)  .f — The  writer  has  Mr. 
been  much  interested  in  the  report  of  the  Special  Committee  on  Floods 
and  Flood  Prevention,  as  presented  at  the  Annual  Meeting  on  January 
19th,  1916,  the  Minority  Report  by  Mr.  Knowles  submitted  therewith, 
and  the  subsequent  discussions  by  Messrs.  Eakin,  Hill,  Leighton,  Grant, 
and  Groat. 

The  writer  is  in  general  accord  with  the  suggestions  made  by  Mr. 
Knowles  in  the  way  of  amplifying  the  report  of  the  Committee,  and 
particularly  with  regard  to  a  special  National  agency  for  making  gen- 
eral studies  of  the  subject  of  floods  and  flood  prevention  and  procuring 
systematic  and  comprehensive  data  necessary  for  carrying  on  such 
studies. 

Mr.  Grant  states  the  situation  exactly  when  he  says  that  data  are 
not  now  available  with  which  to  design  intelligently  and  economically 
the  works  to  carry  out  the  purposes  contemplated  by  the  enormous 
appropriations  for  river  regulation  and  water  conservation  which  have 
been  urged  continually  before  Congress. 

The  Water  Resources  Branch  of  the  United  States  Geological 
Survey  is  the  only  Government  Bureau  carrying  on  systematic  river 
measurements,  and,  up  to  the  present  time,  its  appropriation  for  this 
purpose  has  been  very  limited.  The  entire  amount  appropriated 
annually  for  gauging  purposes  is  only  $150  000,  which  is  only  partly 
available  for  river  measurements  and  must  also  be  used  for  the  admin- 
istrative and  other  expenses  of  this  Bureau.  This  sum  is  absurdly 
small,  and,  in  the  writer's  judgment,  the  Committee  could  well  make 

*  Boston,  Mass. 

t  Received  by  the  Secretary,  May  ISth,   1916. 
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Mr.  a  specific  recommendation  to  aid  in  the  advancement  of  our  knowledge 
■  relative  to  floods  and  other  river  conditions  by  urging  strongly  upon 
Congress  that  the  amount  of  this  appropriation  be  increased  very  mate- 
rially. When  the  great  value  of  such  data  is  considered  from  the  point 
of  view,  not  only  of  flood  investigation,  but  of  water  power  and  water 
supply  in  general,  it  would  seem  that  the  annual  appropriation  for 
this  purpose  should  be  at  least  $500  000. 

The  discussion  of  the  use  of  levees  in  flood  prevention  brings  out 
clearly  the  fact  that  on  large  interstate  streams  a  comprehensive 
scheme  for  the  entire  river  should  be  developed,  as  the  use  of  levees 
often  means  a  change  in  hydraulic  gradient  at  flood  times  extending 
many  miles  up  stream  from  the  point  of  the  works. 

Although  the  necessity  for  the  use  of  levees  in  the  lower  Missis- 
sippi seems  to  have  been  proved,  the  writer  is  not  greatly  impressed 
by  the  figure  of  1  365  000  000  000  cu.  ft.  cited  by  the  Committee  as  the 
storage  capacity  of  levees  on  the  Mississippi  between  the  mouths  of 
the  Ohio  and  Red  Rivers.  Although  the  figures  in  themselves  are 
large,  it  must  be  kept  in  mind  that  the  effect  of  storage  capacity  on 
a  stream  depends  on  the  tributary  drainage  area  as  well  as  the  quantity 
of  storage.  The  total  drainage  area  of  the  Mississippi  above  the  Red 
River  is  about  1259  000  sq.  miles,  and  the  1365  000  000  000  cu.  ft. 
of  storage  capacity  between  levees  corresponds  to  a  little  less  than 
i  in.  in  depth  over  this  drainage  area,  a  quantity  which  obviously  of 
itself  is  not  of  great  importance  in  retarding  flood  waters.  Considering 
only  the  drainage  area  of  about  329  000  sq.  miles  between  the  Ohio 
and  Red  Rivers,  the  storage  in  the  levees  would  be  only  about  1.8  in. 
in  depth  over  this  area,  or  not  enough  to  affect  greatly  the  run-off 
of  even  this  smaller  district.  The  writer  agrees  with  Mr.  Knowles 
in  this  respect,  that  the  potential  storage  over  the  siirrounding  country 
and  overflowed  land  is  much  greater  than  the  volume  confined  between 
levees.  The  important  function  of  the  levees  is  in  increasing  the 
carrying  capacity  of  the  channel  and  confining  the  flow,  rather  than 
in  storage. 

The  recent  report  of  the  Miami  Conservancy  District  is  an  excellent 
example  of  an  intelligent  solution  of  the  flood  problem  on  one  stream 
wholly  within  one  State.  For  the  larger  or  more  extended  problems 
involving  interstate  streams,  obviously,  studies  should  be  made  by 
some  National  agency,  and  the  writer  believes  that  the  Committee 
might  well  take  a  more  positive  stand  on  this  matter  and  urge  the 
creation  of  such  an  agency,  supported  by  an  adequate  appropriation. 
Mr.  ,  N.  C.  Grover,*  M.  Am.  Soc.  C.  E.  (by  letter). f— With  the  occu- 
Grover.  p^ncy  of  the  river  banks  and  bottom  lands  by  cities,  towns,  and  farms, 
the   damages  caused  by  floods   have   increased,   until  the  problem  of 

*  Washington,  D.  C. 

t  Received  by  the  Secretary,  May  22d,  1916. 
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their  coutrol  has  become  of  National  importance.  Recent  disastrous  Mr. 
tioods  have  led  to  the  appointment  of  municipal,  State,  and  Federal 
commissions  for  the  study  of  local  conditions  or  special  phases  of 
the  flood  problem.  The  appointment  of  a  Special  Committee  of  the 
American  Society  of  Civil  Engineers  for  study  and  report  on  floods 
and  their  prevention  is  a  manifestation  of  the  interest  in  and  im- 
portance of  the  problem. 

The  duty  of  the  Society  to  make  a  broad,  comprehensive,  and 
unbiased  study  of  the  flood  situation  having  been  recognized  by  the 
appointment  of  this  Committee,  a  heavy  burden  of  responsibility  rests 
on  the  membership  in  its  attempt  to  guide  the  various  governmental 
organizations  to  an  adequate  solution  of  the  flood  problems.  The 
Society  must  now  see  to  it  that  this  responsibility  is  discharged  prop- 
erly' and  adequately,  and  its  final  action  should  be  sound  in  principle, 
broad  in  scope,  and  definite  in  application,  so  that  it  may  serve  as  a 
basis  for  safe,  adequate,  and  unbiased  legislation. 

At  the  present  time  flood  work  is  scattered  through  many  organiza- 
tions. Several  States  and  municipalities  have  investigated  local  flood 
problems.  The  United  States  Weather  Bureau  has  developed  an 
efficient  service  for  flood  warnings  on  the  principal  rivers  of  the 
country,  and  has  collected  many  valuable  records  of  river  stage.  The 
United  States  Geological  Survey  has  collected  many  records  of  flood 
discharge,  as  a  part  of  its  work  in  systematic  stream  gauging,  and 
has  made  topographic  maps  of  river  basins  and  of  reservoir  sites  that 
are  invaluable  in  a  study  of  floods  and  their  control.  The  Corps  of 
Engineers,  United  States  Army,  has  charge  of  all  construction  on 
navigable  streams  and,  incidentally,  has  collected  much  information 
relative  to  floods  on  such  streams.  Each  of  these  various  organizations- 
has  conducted  its  work  in  full  recognition  of  the  work  of  the  others. 
but  with  little  actual  co-operation.  There  has  been,  however,  no 
organization  to  undertake  a  broad,  comprehensive  study  of  the  whole 
problem. 

Flood  problems  range  in  complexity  and  importance  from  those 
surrounding  a  local  flood  afl^ecting  only  a  small  area  in  a  single  State 
to  those  involving  the  welfare  of  the  people  of  several  States,  or  even 
important  international  questions.  Present  methods  of  treatment  are 
almost  invariably  local  and  piecemeal,  without  proper  consideration 
of  the  general  situation,  of  possible  antagonistic  results  of  diife'rent 
projects  and  methods,  or  of  the  possibility  of  disastrous  effects  of 
projects  on  unimproved  parts  of  the  river  system.  They  do  not  bring 
about,  therefore,  that  general  orderly  improvement  in  the  condition 
of  river  stage  and  erosion  that  should  result  from  correct  and  adequate 
methods  of  treatment.  The  co-ordination  of  projects  according  to 
sound  and  harmonious  methods  should  also  eliminate  useless  efforts 
and  waste,  and  secure  the  desired  results  at  a  minimum- cost. 
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Mr.  The  elements  of  a  general  programme  for  flood  control,  on  which 

rover,  recommendations  should  be  made  in  the  report  of  the  Society,  are: 

1. — The  development  by  appropriate  research  of  a  fuller  knowledge 
of  the  laws  of  river  hydraulics  and  physiographic  processes 
which  is  prerequisite  to  a  sound  practice  of  river  control; 

2. — The  expansion  and  improvement  of  methods  of  control,  on 
the  basis  of  fuller  scientific  knowledge,  including,  possibly, 
vertical  as  well  as  horizontal  control  of  streams,  with  con- 
sequent reduction  of  necessary  levee  heights,  contraction  of 
levee  systems,  and  elimination  of  harmful  reactions  between 
different  projects  and  methods; 

3. — The  co-ordination  and  standardization  of  the  collection  of  data 
as  to  quantity  of  water,  debris  in  transit,  and  consequent 
adjustment  of  grades  and  channel  forms; 

4. — Surveys  necessary  as  a  basis  for  the  design  of  regulatory  works, 
estimates  of  cost,  and  of  the  effects  of  such  works; 

5. — Agencies  to  be  used  in  collecting  data  and  in  building  and 
operating  the  necessary  structures; 

6. — Division  of  cost  of  such  structures  among  the  organizations 
co-operating,  or  the  parties  benefited; 

7.- — Possible  combination  of  flood  control,  navigation,  water  power, 
drainage,  and  irrigation,  under  the  same  general  regulative 
programme ; 

8. — The  organization  of  a  special  Federal  bureau  equipped  to 
execute  a  full  programme  of  river  improvement. 

The  Progress  Report  of  the  majority  of  the  Special  Committee  on 
Floods  and  Flood  Prevention,  which  was  presented  at  the  Annual 
Meeting,  was  discussed  by  the  minority  as  a  Progress  Report.  The 
Chairman,  later,  requested  that  the  report  be  considered  as  the  Final 
Report  of  the  Committee.  It  is  unsatisfactory  to  the  writer,  however, 
either  as  a  progress  or  a  final  report,  largely  because  of  its  apparent 
lack  of  clear  insight  into  several  important  phases  of  the  flood  question 
and  of  definite  suggestions  or  recommendations.  It  calls  attention 
only  to  the  need  for  additional  and  standardized  physical  data,  and 
discusses  certain  suggested  methods  of  flood  control  in  a  manner  that 
favors  those  now  in  vogue.  It  ignores  the  necessity  for  developing  a 
science  of  river  hydraulics  and  improving  the  practice  of  river  control, 
for  active  co-operation  of  agencies  in  collecting  data,  in  building  and 
operating  structures,  and  in  dividing  costs,  and  for  the  co-ordination 
of  all  flood  work  under  one  directing  head  and  in  one  programme. 
The  Minority  Report  is  a  great  improvement  on  that  of  the  majority, 
in  many  respects,  but  does  not  accomplish  the  purposes,  as  they 
appear  to  the  writer,  of  a  final  report  of  a  committee  of  this  Society. 
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It  is  believed,  therefore,  that  both  the  Majority  and  Minority  Mr. 
Reports  should  be  received,  the  Committee  discharged,  and  a  new 
committee  appointed  to  consider  again  the  important  problems  involved, 
in  the  hope  that  a  more  comprehensive  and  definite  report  may  serve 
as  a  basis  for  the  final  action  of  this  Society  on  the  important  problems 
involved  in  the  flood  situation. 

E.  C.  LaRue,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter)  .f— The  Com-  Mr. 
mittee  has  wisely  called  attention  to  the  paucity  of  data  available  for 
studies  of  flood  control,  but  it  does  not  seem  consistent  in  the  same 
report  to  draw  definite  conclusions  with  respect  to  the  relative  merits 
of  the  various  methods  of  flood  control  and  flood  prevention.  The 
writer  agrees  with  the  statement  of  Mr.  Knowles,  on  page  2783,:|: 
that  the  Committee  has  given  a  single  view  "on  controversial  sub- 
jects on  which  it  must  be  recognized  that  much  more  information 
can  and  should  be  obtained". 

For  example,  on  page  2781,:}:  the  Committee  says: 

"As  you  proceed  down  stream  the  influence  of  reservoirs  on  flood 
prevention  rapidly  diminishes,  and  the  influence  of  levees  correspond- 
ingly increases  in  importance  as  a  method  of  flood  protection.  On 
the  lower  alluvial  reaches  of  long  rivers,  such  as  the  Mississippi  and 
Colorado,  they  afford  the  only  sure  means  of  flood  control." 

This  statement  is  not  correct  when  applied  to  the  Colorado  River. 
The  writer  has  recently  completed  a  report,  entitled,  "The  Colorado 
River  and  its  Utilization",§  in  which  it  is  shown  that  reservoirs  may 
prove  an  effective  means  of  preventing  floods  on  the  lower  Colorado. 
The  area  of  the  Colorado  River  Basin  is  244  000  sq.  miles.  The  pre- 
cipitation and  run-off  from  the  lower  half  of  the  basin  is  small  com- 
pared with  that  on  the  upper  half.  At  Yuma,  Ariz.,  92%  of  the 
annual  run-off  is  contributed  by  that  part  of  the  drainage  basin  lying 
above  the  Utah-Arizona  line,  which  is  700  miles  above  Yuma.  Green 
and  Grand  Rivers,  which  unite  to  form  the  Colorado  in  southeastern 
Utah,  drain  70  300  sq.  miles,  which  is  only  28.8%  of  the  Colorado 
River  Basin;  yet  these  rivers  contribute  76%  of  the  water  that  passes 
Yuma.  A  dam  constructed  to  raise  the  water  level  270  ft.,  imme- 
diately below  the  junction  of  Green  and  Grand  Rivers,  would  create 
a  reservoir  having  a  storage  capacity  of  8  600  000  acre-ft.  On  June 
14th,  1914,  a  maximum  flood  of  137  000  sec-ft.  occurred  at  Yuma. 
The  crest  of  this  flood  at  the  junction  of  Green  and  Grand  Rivers 
was  120  000  sec-ft.,  and  passed  that  point  on  June  3d.  By  utilizing 
the  reservoir  site  at  the  junction  of  the  Green  and  Grand,  this  flood 
of  137  000  sec-ft.  at  Yuma  could  have  been  reduced  to  17  000  sec-ft. 

•  Salt  Lake  City,  Utah. 

t  Received  by  the  Secretary,  May  23d,   1916. 

t  Proceedings,   Am.   Soc.   C.   E.,   for   December,    1915. 

§  U.  S.  Geol.  Survey.  Water-Supply  Paper  395. 
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Mr.  This  reservoir  site  is  880  miles  by  river  above  Yuma,  and  about  1  000 
^  "'^  miles  above  the  mouth  of  the  Colorado.  It  is  clear,  therefore,  that 
in  this  basin,  at  least,  the  influence  of  reservoirs  on  flood  prevention 
does  not  rapidly  diminish  down  stream.  The  Colorado  tends  to  over- 
flow its  banks  in  the  vicinity  of  Yuma  at  the  25-ft.  stage  on  the  gauge. 
The  average  carrying  capacity  of  the  channel  at  the  25-ft.  stage  is 
about  50  000  sec-ft.  The  writer,  therefore,  believes  that  nearly  all 
overflow  can  be  prevented  on  the  lower  Colorado,  and  that  the  flow 
can  be  regulated  to  meet  the  demand  for  water  for  irrigation,  if  the 
reservoir  site  at  the  junction  of  Green  and  Grand  Rivers  is  utilized, 
and  detention  basins  and  reservoirs  are  constructed  on  the  San  Juan 
and  Gila  Rivers  for  the  purpose  of  reducing  the  violent  floods  that 
happen  occasionally  on  these  tributaries.  On  the  lower  reaches  of  the 
Colorado  the  river  bed  is  being  slowly  built  up,  and  at  the  present 
time  the  river  is  flowing  on  the  highest  ridge  of  its  delta.  When  the 
flow  of  the  Colorado  is  regulated,  the  cost  of  constructing  levees  and 
bank  revetments  will  be  reduced  to  a  minimum.  It  is  probable, 
therefore,  that  the  final  plan  for  the  control  and  prevention  of  floods 
on  the  Colorado  will  involve  the  construction  of  reservoirs,  detention 
basins,  and  levees. 

As  to  the  proper  methods  of  controlling  and  preventing  floods, 
there  are  nearly  as  many  opinions  as  there  are  engineers  engaged  in 
the  study  of  the  problem.  Each  drainage  basin  or  river  system  pre- 
sents a  different  problem,  and  perhaps  this  fact  accounts  for  the 
divergence  in  the  opinions  expressed  by  engineers  as  to  the  effective- 
ness of  the  respective  methods  of  flood  control  and  flood  prevention. 
The  opinion  of  each  engineer  will  probably  be  influenced  largely  by 
conditions  in  drainace  basins  with  which  he  is  familiar. 

The  Committee,  no  doubt,  did  not  intend  its  report  to  be  inter- 
preted as  an  invitation  to  engineers  to  discuss  the  relative  merits  of 
reservoirs  versus  levees  as  a  means  of  flood  control,  but  the  discus- 
sions that  have  been  published  indicate  a  tendency  in  this  direction. 
To  the  writer  it  seems  no  more  consistent  for  engineers  to  discuss 
the  relative  merits  of  the  various  methods  of  flood  control  without 
conflning  their  discussions  to  conditions  in  a  particular  basin  than 
it  would  be  for  two  engineers  to  debate  the  applicability  of  the  Cip- 
poletti  weir  versus  the  current  meter  as  a  means  of  measuring  water, 
without  agreement  as  to  the  quantity  of  water  to  be  measured  and  the 
conditions  controlling  such  measurement.  One  engineer,  having  in 
mind  the  measurement  of  streams  in  which  the  maximum  discharge 
does  not  exceed  10  sec-ft.,  might  advocate  the  use  of  the  Cippoletti 
weir;  the  other,  having  in  mind  the  measurement  of  the  flow  of  the 
Mississippi  at  New  Orleans,  might  as  strongly  advocate  the  use  of 
the   current   meter. 

When  adequate  data  are  obtained,  reports  will  be  prepared  present- 
ing  plans    for    the    control    of   floods    in    particular    drainage   basins. 
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Discussion  of  such  reports  will  be  of  great  value,  in  that  it  will  con-  Mr. 
oentrate  the  attention  of  engineers  on  specific  problems.  With  this  "^  "*^" 
concentration  of  eifort,  in  solving  one  problem  at  a  time  with  but 
one  set  of  conditions,  no  doubt  most  engineers  will  come  to  agreement, 
and  possibly  all  will  agree  that  under  certain  conditions  a  reservoir 
may  serve  mOre  than  one  purpose;  that  in  some  drainage  areas  de- 
tention basins  will  solve  the  problem;  that  in  others  reservoirs  must 
be  constructed;  and  that  on  long  rivers  it  may  be  necessary  to  con- 
struct check  dams,  detention  basins,  reservoirs,  and  levees. 

So  far  as  the  problem  of  flood  control  and  flood  prevention  is 
concerned,  it  would  seem  that  the  most  valuable  service  that  can  be 
performed  by  the  Engineering  Profession  at  present  is  that  of  urg- 
ing* the  establishment  of  a  "special  agency,  supported  by  adequate 
appropriations,  for  the  purpose  of  studying  stream  regulation  in  its 
largest  sense,  and  under  whose  direction  all  data  shall  be  collated, 
according  to  uniform  standards  and  systems,  so  that  appropriate  de- 
velopment of  the  science  shall  be  made". 

♦  Proceedings,  Am.  Soc.   C.  E.,  for  December,   1915,   p.   2787. 
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BROKEN  STONE,  SLAG,  AND  GRAVEL  ROADWAYS. 

P.  E.  Green,!  M.  Am.  Soc.  C.  E.  (by  letter).;}: — The  writer  has  read    Mr. 
with  great  interest  the  semi-final  report  of  the  Committee,  and  has 
been   impressed  with  the  fact  that  his  experience  does  not  coincide 
with  many  of  the  statements  contained  therein. 

The  Committee  states: 

"It  believes  that  many  of  the  questions  affecting  the  selection  or 
use  of  these  materials  can  only  be  solved  by  a  better  knowledge  of 
their  characteristics  or  qualities  and  more  complete  records  along 
uniform  lines  of  their  behavior  in  use." 

This  is  a  commonplace  statement  which  cannot  be  too  often  re- 
iterated.    It  seems  unfortunate  that  in  a  report  of  a  Committee  it  is 

*  This  Is  a  discussion  of  the  Progress  Report  of  the  Special  Committee  on 
Materials  for  Road  Construction  and  on  Standards  for  Their  Test  and  Use  for  1915, 
presented  to  the  Annual  Meeting,   January   19th,   1916. 

t  Chicago,  111. 

t  Received  by  the  Secretary,   January   3d,   1916. 


1132      DISCUSSION   ON  MATERIALS   FOR  ROAD  CONSTRUCTION      [Papers. 

Mr.     not  practicable  to  include  all  the  evidence  submitted  to  it  from  which 
it  drew  its  conclusions,  as  some  of  the  statements  in  the  report  will 
undoubtedly  be  at  variance  with  the  experience  of  many  engineers. 
To  take  the  report  up  in  detail : 

Under  the  heading  "Broken  Stone  and  Slag  Roadways"  the  Com- 
mittee states: 

"For  a  water-bound  broken-stone  roadway,  the  void  filler  should 
be  clean  stone  screenings  or  sand,  and  the  use  of  clay  should  be  avoided." 

Under  the  heading  "Gravel  Roadways"  it  states : 

"With  gravels  such  as  quartz,  the  cementation  of  which  is  extremely 
low,  a  highly  cementitious  void  filler  is  desirable,  and  a  moderate 
quantity  of  clay  in  sand  used  for  filling  the  interstices  of  water-bound 
gravel  surfacing  may  be  advantageous  where  the  water  and  frost 
action  on  the  roadway  surfacing  is  not  too  severe." 

These  two  statements  are  at  variance  with  each  other.  Very  fre- 
quently, the  character  of  stone  used  in  broken-stone  roadways  is  of 
a  kind  in  which  the  cementation  value  is  extremely  low,  and  it  is 
just  as  desirable  for  the  material  of  such  a  road  to  have  a  void  filler 
of  a  highly  cementitious  character  as  for  a  gravel  road.  If  a  mod- 
erate quantity  of  clay  is  advisable  for  the  gravel  road,  it  is  certainly 
advisable  for  the  broken-stone  road. 

When  the  writer  was  employed  by  the  City  of  Chicago,  some  years 
ago,  the  City  was  building  and  had  built  several  hundred  miles  of 
water-bound  macadam,  the  wearing  surface  of  which  consisted  of 
crushed  Wisconsin  granite.  The  cementitious  value  of  this  granite 
is  exceedingly  low,  and  the  engineers  were  using  and  had  used  for 
many  years  a  binder  referred  to  as  "bonding  gravel".  The  writer  has 
never  seen  an  analysis  of  this  material,  but  he  believes  from  observation 
and  close  examination  that  it  is  composed  of  about  30%  clay  and 
70%  sand.  He  has  never  seen  a  better  bonding  material.  The  wearing 
surface,  after  having  been  thoroughly  dried  out,  was  almost  as  smooth 
as  an  asphalt  pavement,  and  such  highways  withstood  exceedingly 
well  the  traffic  of  that  time,  which,  of  course,  consisted  largely  of  horse- 
drawn  vehicles. 

The  question  of  whether  a  binder  is  affected  seriously  by  water 
and  frost  action  relates  only  partly  to  the  material  used.  It  is  very 
largely  a  matter  of  drainage  and  maintenance,  and  if  these,  which  the 
writer  regards  as  the  most  important  features  of  any  highway,  are 
properly  taken  care  of,  so  that  water  will  not  stand  on  the  road, 
there  will  be  little  disturbance  by  frost  action.  The  trouble  with  the 
wearing  surface  of  a  broken-stone  or  gravel  road  comes  from  the 
picking  up  or  raveling  of  the  stone  composing  the  surface,  and  any 
material  which  tends  to  bind  this  tightly  will  improve  it.  The  writer 
maintains  that  the  report  of  the  Committee  should  be  modified  in 
this  particular. 
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A  further  statement  of  the  Committee  is  as  follows:  Mr. 

"The  Committee  is  of  the  opinion  that  uncarpeted  roadways  should 
be  used  only  for  light  traffic." 

It  is  believed  that  this  is  an  improper  sentence  to  put  in  a  report 
of  this  character.  The  point  may  be  a  technical  one,  but  the  terms 
'light",  "medium",  and  "heaT;s'"  traffic  are  exceedingly  relative  and 
elastic.  What  is  light  traffic  in  one  section  is  heavy  traffic  in  another, 
and  such  an  indefinite  term  should  not  be  used  in  a  report  of  this  kind. 

Calvin  Tom  kins,*  Assoc.  Am.  Soc.  C.  E.  (by  letter)  .f — Too  exclusive  ^  Mr 
reliance  on  laboratory  tests  of  macadam  stones  should  be  avoided,  and 
more  attention  should  be  given  to  the  actual  results  obtained  in  prac- 
tice, that  is,  to  the  wearing  qualities  of  materials  in  roads. 

Laboratory  tests  indicate  relative  hardness  and  toughness  under 
laboratory  conditions,  and  also .  cementing  qualities.  They  do  not  and 
cannot  show  the  resultant  interactions  of  these  qualities  on  each  other, 
as  developed  by  time,  traffic,  and  the  elements  in  the  roadbed. 

The  cementing  qualities  are  inversely  related  to  the  other  qualities, 
and,  under  some  conditions  of  road  construction  and  use,  merit  in  one 
set  of  qualities  may  be  disadvantageous  under  others. 

Because  laboratory  tests  are  new,  and  because  we  do  not  wish  to 
be  considered  old-fashioned  and  under  the  rule-of-thumb,  we  are  prone 
to  consider  them  as  the  essence  of  good  practice  instead  of  as  useful 
checks  on  practice. 

By  too  generally  specifying  the  use  of  special  kinds  of  stones,  it  is 
very  easy  to  create  a  monopoly  price  locally.  In  New  York  this  result 
has  been  reached  as  regards  the  use  of  trap  rock. 

Expression  of  a  preference,  subject  to  the  discretion  of  the  engineer 
in  charge,  if  monopoly  exactions  are  demanded,  will  prevent  extortion. 

Very  interesting  comparative  bids  and  tests  are  in  evidence  showing 
the  persuasive  influence  of  opening  up  specifications  in  this  manner. 
Even  when  the  engineer  wants  one  kind  of  stone  and  intends  to  use  no 
other,  he  can  obtain  it  more  cheaply  by  liberalizing  his  specifications. 
A  good  engineer  should  be  a  good  purchasing  agent,  as  well  as  a 
specifier. 

H.  S.  Mattimore,:}:  Assoc.  M.  Am.  Soo.  C.  E. — Under  the  heading  ^     Mr 
'"Broken  Stone  and  Slag  Roadways",  page  2723, §  the  sixth  paragraph 
reads : 

"For  a  water-bound  broken-stone  roadway,  the  void  filler  should  be 
clean  stone  screenings  or  sand,  and  the  use  of  clay  should  be  avoided. 
A  proportion  of  fine  mineral  material,  between  certain  maximum  and 
minimum  sizes,  which  proportion  and  sizes  will  depend  largely  on  the 
character  of  the  materials  used,  is  desirable." 

*  New  York  City. 

t  Received  by  the  Secretary,  April   10th,   1916. 

t  Albany,  N.   Y. 
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It  is  assumed,  from  this  paragraph,  that  the  material  used  for  the 
top  of  the  void  filler  will  have  to  act  as  a  binder.  If  such  is  the  inten- 
tion, sand  should  be  excluded.  Average  sand  has  absolutely  no  binding 
power.  The  speaker  would  suggest  changing  the  expression  "clean 
stone  screenings"  to  "stone  screenings",  as  "clean  stone  screenings"  is 
likely  to  be  interpreted  as  stone  screenings  free  from  dust,  which  is 
the  real  binder. 

On  page  2724,*  it  is  advised,  where  a  cementitious  material  is  to  be 
used,  that  the  bottom  of  the  voids  be  filled  with  some  non-cementitious 
material  or  sand. 

The  speaker  has  seen  this  method  followed  when  a  non-cementitious 
material  had  to  be  used  for  the  sake  of  economy.  It  was  only  used  as 
a  filler  in  portions  of  the  top  course,  and  should  not  be  recommended. 
In  fact,  "water-bound  construction"  should  aim  at  puddling  and  bind- 
ing as  much  of  the  top  course  as  possible.  This  necessitates  a  cemen- 
titious filler  for  the  entire  top  course  and  by  no  means  the  use  of  sand, 
as  it  is  impracticable  to  compact  a  course  of  stone  filled  with  sand. 

Under  the  stone  test,  there  is  a  recommendation  for  cementation  of 
rock  slags  and  gravel  powders.  The  speaker  objects  very  strongly  to 
the  adoption  of  this  test.  The  New  York  State  Highway  Department 
conducted  some  500  tests  on  the  cementing  value  of  rocks,  and  the 
results  did  not  agree  with  the  practical  conditions  in  the  field. 

Some  of  these  results  show  that  with  gneisses  and  other  quartz 
rocks,  the  cementing  value  was  high,  which  is  not  the  case  in  practice. 

This  condition  is  not  only  shown  in  the  report  of  the  New  York 
State  Highway  Department,  but  the  speaker  has  the  results  of  some 
tests,  which  indicate  a  very  high  value  for  sandstone  also;  whereas, 
it  is  known  that  such  results  cannot  be  obtained  in  practice.  Engi- 
neers have  tried  it,  in  some  instances  in  New  York  State,  and  found, 
to  their  sorrow,  that  it  could  not  be  done. 

Tests  of  crushing  strength  are  rather  expensive,  and  do  not  seem 
to  be  necessary.  The  speaker  has  consulted  some  figures  on  the  strength 
per  square  inch  of  a  great  many  of  the  common  road-building  rocks, 
and  finds  that  the  strength  of  porous  stone  which  would  not  be  con- 
sidered for  use  in  highway  building,  is  much  higher  than  any  traffic 
load  which  could  be  put  on  such  roads  with  a  large  factor  of  safety. 

The  speaker  also  believes  that  the  crushing  value  of  the  rock  itself 
is  not  indicative  of  the  crushing  value  of  the  crushed  stone  which  has 
been  subject  to  stresses  and  developed  lines  of  weakness  during  the 
crushing. 

The  speaker  has  run  a  few  abrasion  tests  on  gravel,  in  the  stone 
abrasion  machine,  but  the  results  were  not  satisfactory  when  run  in 
the  same  way  as  stone. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915. 
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Some  tests  have  been  made  in  Ohio  and  Illinois  by  placing  a  charge       Mr. 
of  shot  in  the  machine  with  the  gravel,  and  the  speaker  suggests  tlutt 
this  matter  be  taken  into  consideration  by  the  Committee. 

J.  H.  MacDonald,*  Esq. — The  following  paragraph  is  found  at  the      Mr. 
top  of  page  2724:  Dontw. 

''For  water-bound  roadways  of  some  limestones  or  of  some  slags, 
it  will  be  advisable  wherever  practicable  to  use  for  one-half  the  void 
filler  a  non-cementitious  material  such  as  clean  sand  with  the  other 
half  of  the  finer  particles  of  the  material  itself." 

It  is  natural  to  conclude  that  the  Committee,  in  having  to  arrange 
for  this  large  subject,  found  it  very  difficult  to  give  an  analysis  of 
exactly  what  was  in  the  minds  of  its  several  members  when  it  con- 
densed this  report.  Hence,  it  would  be  interesting  to  know  what  was 
the  thought  of  the  Committee  in  allowing  sand  to  be  used  as  a 
substitute  for  stone  dust  in  the  building  of  a  water-bound  macadam 
road.  Was  it  a  question  of  economy  or  of  availability;  or  what  were 
the  relative  merits  to  be  considered  as  between  the  two  materials 
used  as  a  binder  ?  It  is  a  question,  in  the  speaker's  mind,  whether, 
if  the  Committee,  in  bonding  a  water-bound  road,  had  access  to  all 
the  dust  that  was  necessary,  at  the  same  price,  would  have  recommended 
sand  at  all. 

It  is  understood  that  the  Committee  recommends  definitely  the 
use  of  sand  in  "some  limestones  and  some  slags",  but  why  ?  Is  it  to 
put  additional  wear  in  the  road,  or  for  cementitious  purposes? 

Had  the  Committee  in  mind  the  general  use  of  sand  as  a  bonding 
material  with  trap  rock,  or  with  the  granites,  or  with  other  stones- 
sandstone,  as  has  been  mentioned — or  was  it  the  intention  to  confine 
it  to  "some  limestones  and  some  slags"  ? 

When  water  is  added  to  limestone,  a  chemical  change  takes  place; 
that  is,  there  is  a  combination  instead  of  a  mixture.  There  is  a  wide 
difference  between  the  terms  "mixing"  and  "combining";  for  instance, 
water  and  sand  may  be  mixed,  but  each  will  retain  its  original  com- 
position, and  there  will  be  no  combination.  On  the  other  hand,  if  water 
and  lime  are  mixed,  a  chemical  combination  is  effected.  The  chemical 
change,  which  would  make  a  mortar  of  the  sand,  would  be  advantage- 
ous, but  the  speaker  cannot  understand  why  sand  mixed  with  trap 
rock  is  considered  desirable.  Sand,  in  such  a  case,  will  simply  act  as 
a  wedge,  not  as  a  binding  material. 

In  making  this  criticism,  the  speaker  had  in  mind  the  practice 
in  a  certain  State  where,  in  each  course,  earth  (subsoil)  is  used  as 
a  binder,  and  it  had  seemed  to  him  that  the  limestone  construction 
would  furnish  sufficient  bond  by  attrition,  without  introducing  any 
earth,  thereby  furnishing  an  invitation  to  moisture  and  frost.     The 

*  New  Haven,  Conn. 
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Mr.      speaker  has  never  in  all  his  practice  used  sand  in   the  construction 
Donald,  of  a  water-bound  macadam  road. 

One  of  the  difficulties  with  which  the  Committee  has  had  to 
contend  is  the  wide  scope  it  has  had  to  consider  in  this  matter.  It 
has  been  circumscribed  both  for  time  and  for  an  opportunity  to 
explain  fully  the  meaning  of  various  parts  of  the  report.  The  speaker 
is  of  the  opinion  that  the  farther  we  get  away  from  the  making  of 
a  specification  a  textbook,  the  farther  we  will  be  from  the  solution 
of  this  great  problem  of  highway  construction.  Every  specification 
should  be  a  textbook,  and  should  be  drawn  so  that  it  will  not  be  a 
technical  mystery  to  the  contractor,  and  will  speak  for  itself  without 
having  to  refer  to  the  engineer  for  explanations.  It  should  be  so 
clear  that  the  contractor  or  any  other  man  could  "read  as  he  runs". 

In  reference  to  the  method  of  using  trap  rock  screenings,  a  com- 
parison of  the  relative  merits  of  different  water-bound  macadam  roads 
in  Connecticut  will  be  instructive.  Some  of  these  roads  have  been 
constructed  from  16  to  18  years,  some  even  20  years,  and  are  in  good 
condition  and  very  little  broken.  These  roads  have  stood  up  well 
and  have  given  good  service,  because  the  methods  used  in  their  con- 
struction, with  reference  to  the  binder  and  also  the  mixed  stone, 
have  been  good. 
Mr.  W.  W.  Crosby,*  M.  Am.  Soc.  C.  E. — Mr.  MacDonald  seems  to  have 

ros  y.  i^-iig^inderstood  to  some  extent  the  paragraph  on  page  2724t  of  the 
report  to  which  he  refers  in  his  discussion.  The  Committee  meant 
exactly  what  it  stated  in  this  report,  that  is,  with  "limestones"  and 
"some  slags,  it  will  be  advisable  *  *  *  to  use  *  *  *  a  non- 
cementitious  material  such  as  clean  sand",  in  bonding  the  macadam. 
The  Committee  did  not  recommend  the  use  of  sand  in  connection  with 
trap  rocks  or  sandstones.  In  the  preceding  paragraph  in  the  report, 
the  Committee  deprecated  the  use  of  clay,  and  inferentially  of  earthy 
material,  in  any  case,  as  will  be  seen  by  reference  to  that  paragraph. 
The  speaker  might  state,  for  the  sake  of  further  explanation,  that 
the  use  of  sand  with  limestone  or  some  slags  is  recommended  in  order 
to  reduce  the  ordinary  difficulties  of  bonding  such  a  macadam  caused 
by  the  tendency  of  the  wet  limestone  or  slag  screenings  to  stick  to 
the  wheels  of  the  roller.  A  non-cementitious  sand  when  used  will 
offset  this  tendency  and  permit  the  voids  to  be  properly  filled,  without 
detriment,  if  not  without  actual  improvement  in  some  cases,  to  the 
results  secured. 

Mr.  T.  J.  McGovEKN,:}:  Esq. — There  seems  to  be  quite  a  difference  of 

McfToveiii.  Qpjj^jojj  gg  iQ  whether  sand,  clay,  or  loam  is  the  best.     In  a  road,  not 

quite  4  miles  long,  built  by  the  speaker  for  Mercer  County,  'New  Jersey. 

*  Baltimore,  Md.  .' ;      ■'  -i 
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mud  was  used  as  a  binder,  and  also  clay ;  and  then  gravel  and  sand       Mr. 
were  used.     After  the  road  was  completed,  the  speaker  could  not  see  ^^'^^"^''^'''"• 
any  ditference  in  any  part  of  the  surface.     That  road  has  been  in  use 
about  4  years. 

The  City  of  Trenton,  iS[.  J.,  builds  roads  of  broken  stone  without 
any  binder,  and  the  roller  is  not  used.  The  speaker  thinks  those  streets 
are  just  as  good  with  a  binder  of  sand,  clay,  mud,  or  anything  else,  as 
they  would  be  under  any  circumstance. 

At  one  time,  ]\Ir.  Frank  Appell,  Engineer  for  Mercer  County,  New 
Jersey,  drew  up  a  set  of  specifications  for  using  trap-rock  screenings, 
and  built  three  different  roads  with  that  material.  On  two  of  the 
roads  the  trap-rock  screenings  were  taken  out  because  it  was  said 
that  the  road  raveled  and  went  to  pieces. 

The  speaker  is  of  the  opinion  that  the  rolling  did -not  make  any 
difference.  The  material  was  just  thrown  down,  as  is  done  in  Trenton, 
without  rolling  or  anything  else,  and  the  roads  have  been  used  for 
more  than  10  years. 

If  a  road  is  to  be  constructed  with  8  in.  of  stone,  it  does  not  make 
any  difference  whether  a  2i-in.  layer  is  placed  on  the  bottom,  and  a 
li-in.  layer  on  the  top,  and  screenings  on  that,  or  whether  the  several 
sizes  are  all  mixed  together,  or  whether  a  1-in.  layer  is  placed  on 
the  bottom.  All  the  material  is  there,  and  the  horses,  wagons,  and 
automobiles  will  do  the  rest. 

Edward   E.    Reed,*   Esq. — The   speaker,    who   lives   near   Trenton,    Mr. 
N.  J.,  takes  issue  with  Mr.  McGoyern  regarding  the  streets  of  that  ^®®**' 
city.     In  reference  to  the  method  of  repairing  those  streets,  there  is 
much  to  be  desired.     A  lot  of  broken  stone  is  put  on  the  streets  and 
spread,  but  not  rolled,  and,  of  course,  the  result  can  be  imagined. 

Very  good  results  are  obtained  in  New  Jersey  by  using  a  gravel  as 
a  binder  for  roads ;  and  in  Mercer  Covmty,  for  binding  macadam,  the 
County  Supervisor  of  Roads  uses  screenings  with  some  of  the  quarry 
strippings  in  them,  and  obtains  very  good  results.  With  clean  stone 
or  clean  screenings  there  is  not  so  much  binding  quality. 

R.  A.  Meeker, t  M.  Am.  Soc.  C.  E. — The  speaker  would  like  to  sug-     Mr. 
gest  a  slight  amendment  of  the  following  clause  in  the  Report:  ^^  ^^' 

"vSuch  proportions  of  the  various  sizes  of  material  used  as  will 
result  in  the  greatest  possible  density  of  the  roadway,  when  properly 
compacted  and  bound,  are  desirable." 

It  is  suggested  that  this  be  amended  to  read  as  follows : 

"Such  proportions  of  the  various  sizes  of  material  used,  separately 
applied,  as  will  residt  in  the  greatest  possible  density  of  the  roadway, 
when  properly  compacted  and  bound,  are  desirable." 

*  Trenton,  N.  J. 
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Mr.  If  an  aggregate  of  large  material  is  applied  in  one  portion  of  the 

road  and  one  of  fine  material  in  another  portion,  although  the  percen- 
tage of  voids  may  be  reduced  by  the  addition  of  other  fine  material, 
there  will  be  unequal  wear  in  the  road.  The  larger  material  will  not 
wear  as  rapidly  as  the  finer,  and  the  road  will  be  bumpy,  wavy,  and 
uneven.  The  material  should  be  applied  in  courses;  that  is,  if  the 
gravel  contains  large  particles,  or  is  of  a  diameter  greater  than  2  in., 
it  should  be  screened  and  applied  in  two  courses. 

There  are  certainly  a  great  many  gravel  roads  on  which  the  material 
has  been  applied  unscreened  and  in  one  course,  but  the  matter  can  be 
shown  very  clearly:  For  example,  if  old  Belgian  blocks,  6-in.  cubes, 
are  put  down,  they  will  stand  wear  almost  indefinitely ;  and  if  a  road 
is  built  of  nothing  but  |-in.  stone,  and  is  subjected  to  the  same  trafiic, 
it  will  soon  be  utterly  worn  out  and  useless.  That  represents  the  two 
extremes. 

Now,  simply  carry  that  idea  into  a  crushed-stone  road:  If  part  of 
a  road  is  covered  with  2^-in.  stone,  and  an  adjoining  section  is  built 
of  |-in.  stone,  it  is  plain  that  the  former  will  not  wear  out  as  rapidly 
as  the  latter.  The  result  will  be  that  where  there  is  an  aggregation 
of  2^-in.  stone,  there  will  be  a  hump  in  the  road,  and  where  there  is 
one  of  |-in.  stone,  there  will  be  a  depression.  All  road  builders  who 
have  noticed  their  work,  and  the  effects  of  traffic  on  it,  will  agree  on 
this  point. 

Mr.  A.  N".  Johnson,*  M.  Am.  Soc.  C.  E. — The  point  brought  out  by 

°^°°  Mr,  Meeker  has  been  very  well  stated.  If,  in  the  surface  of  a  macadam 
road,  there  are  masses  of  stone,  some  of  larger  and  others  of  smaller 
size,  that  road  will  wear  unevenly. 

Considerable  difficulty  is  caused  by  the  non-uniformity  in  ship- 
ments of  stone.  On  one  day  there  will  be  more  small  sizes  than  one 
wishes  to  use,  and  on  the  next  day  all  the  stone  will  be  of  the  larger 
sizes. 

The  speaker  has  adopted  the  practice  of  using  unscreened  material 
—unscreened  so  far  as  concerns  the  1,  IJ,  or  2-in.  sizes.  They  are 
spread  on  the  road  as  they  come,  and  then  a  very  stiff-toothed  harrow 
is  passed  over  the  road.  The  effect  of  that  is  to  stir  up  the  materials; 
and,  if  a  collection  of  particles  of  various  sizes  is  stirred  up,  the 
smaller  ones  invariably  go  to  the  bottom,  and  the  larger  ones  come 
to  the  surface. 

Although  a  road  may  be  composed  of  pieces  of  stone  varying  in 
size  from  2i  to  1  in.,  after  it  is  harrowed  about  four  times,  the  sur- 
face will  be  covered  uniformly  with  the  material  of  the  largest  size, 
which  is  the  object  to  be  attained,  as  it  gives  a  homogeneous  surface 
for  the  traffic  to  wear. 

*  Chicago,  111. 
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The  harrow  also  tends  to  compact  the  material.  After  harrowing,  Mr. 
it  will  be  found  that  the  roller  compacts  the  material  with  not  more  '^°''"^°"- 
than  half  as  much  rolling  as  is  usually  required.  Harrowing  will  often 
obviate  the  very  troublesome,  wavy  effect  when  rolling.  This  is  caused 
by  the  tendency  of  the  larger  particles  to  come  to  the  top  and  the 
smaller  particles  to  go  to  the  bottom ;  but,  after  the  harrowing  has 
been  done,  each  piece  is  where  it  belongs,  and  each  course  of  stone 
is  much  more  quickly  compacted  than  by  any  other  method.  It  is 
also  much  cheaper  than  to  attempt  to  grade  the  stone  and  ship  it  in 
two  sizes. 


CEMENT  CONCRETE  PAVEMENTS. 

P.  E.  Green,*  M.  Am.  Soc.  C.  E.  (by  letter). f — It  seems  to  the  Mr. 
writer  that  gravel  as  a  road-building  material  has  not  been  appreciated 
properly  by  the  Engineering  Profession.  It  is  but  rarely  in  technical 
literature  that  it  is  commended;  yet  in  the  gravel-producing  parts  of 
the  country  there  are  thousands  of  miles  of  gravel  roads  made  by  town- 
ship and  highway  officials,  crudely  built,  improperly  maintained,  and 
inadequately  drained,  and  these  roads  are  standing  up  remarkably 
under  the  large  amount  of  automobile  traffic  that  is  characteristic  of 
the  present-day  highways  of  any  section  where  the  roads  are  at 
all  "good". 

A  recent  article^  on  gravel  roads  in  New  Hampshire  and  their 
maintenance  seems  to  the  writer  to  be  one  of  the  most  sensible  and 
well-balanced  which  he  has  ever  read  on  the  subject,  and  he  would 
suggest,  before  the  Committee  makes  its  final  report,  that  it  thoroughly 
digest  this  article  and  seek  further  information  on  the  subject.  In 
reference  to  this  matter,  Table  1,  an  estimate  the  writer  has  made  on 
what  he  considers  a  heavy  traffic  country  highway,  may  be  interesting. 
This  is  the  highway  from  Chicago  to  Lake  Geneva,  Wisconsin,  a 
popular  summer  resort. 

In  Table  1  it  was  assumed  that  a  concrete  road  would  last  for  30 
years  (a  most  favorable  assumption),  and  that  the  repairs  would  be 
based  on  a  parabolic  curve.  It  is  understood,  of  course,  that  this  curve 
is  ail  assumption,  but  it  is  the  writer's  experience  that,  in  the  case 
of  rigid  wearing  surfaces,  it  is  the  nearest  approach  to  the  economic 
line  of  repairs  which  can  be  assumed.  For  the  gravel  pavement  the 
repairs  are  based  on  a  straight-line  increase  year  by  year,  for  the 
reason  that  gravel  roads  are  repaired  entirely  by  the  addition  of  new 
material,  and  that,  if  constantly  repaired  and  kept  in  good  condition, 
there  should  be  no  material  increase  year  by  year,  but  rather  a  gradual 

*  Chicago,   111 
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Mr.    thinning  out  of  the  total  pavement,  which  at  the  end  of  its  life  will 
■  mean  that  an  entirely  new  roadway  will  be  constructed. 

TABLE  1. — Comparative  Costs  of  Cement  Concrete  and  Gravel 

Roads. 
Traffic:  600  vehicles  per  day  for  7  months,  mostly    automobiles;    and 
100  vehicles  per  day  for  5  months. 


Kind  of  road. 


Cost  per        Interest  at 
mile.  5  per  cent. 


Repairs. 


*^1?.ndT.^°^    Total  yearly 

tUnd,  4"o  pTTTK^nSP 

compounded         expense. 


Cement  concrete 

Gravel 


13  000 

4O0O 


tsoo 


$214 
434 


$1  014 
1  134 


*  Based  on  parabolic  curve  of  repairs,  30  years  life. 
t  Based  on  straight-line  curve  of  repairs,  8  years  life. 

From  Table  1  it  appears  that,  under  the  most  favorable  conditions 
for  concrete — in  that  its  life  is  assumed  to  be  30  years — and  with  the 
traffic  as  assumed  (and  this  is  not  entirely  an  assumption,  but  is  an 
estimate  of  traffic  on  the  road  mentioned,  based  on  the  statement  of 
a  local  official  at  McHenry,  111.,  that  counts  had  shown  the  Sunday 
traffic  to  be  as  high  as  1  400  automobiles),  the  concrete  road  is  only 
slightly  cheaper  than  the  gravel  road,  and  hence  it  follows  that  for 
any  considerable  amovmt  of  traffic  less  than  that  assumed,  the  latter 
is  the  cheaper. 

A  further  computation  along  the  same  lines,  on  the  basis  of 
oiling  a  gravel  road  twice  a  year,  will  show  that  the  oiling  is  little,  if 
any,  cheaper  than  the  necessary  surfacing  with  fresh  gravel.  Oiling 
is  not  an  unmixed  blessing,  as  it  is  hardly  possible  to  give  such  a 
surface  continuous  treatment.  Hence,  at  times,  between  treatments, 
the  road  gets  in  very  bad  condition,  because  the  pot-holes  on  an  oiled 
or  bituminous  road  are  much  more  objectionable  to  the  traveler  than 
the  ruts  or  hollows  in  an  uncarpeted  gravel  road.  The  application 
of  oil  to  a  road  means  that  no  moisture  can  reach  the  interior,  and 
it  is  believed  that  a  small  quantity  of  water  is  good  for  stone  roads. 

The  Committee  further  states,  under  the  heading  "Cement-Concrete 
Pavements" : 

"Expansion  joints,  when  provided  in  a  roadway  slab  or  pavement, 
should  be  designed  and  installed  so  as  to  interrupt  to  the  minimum 
degree  practicable  the  uniformity  of  the  surface;  should  be  placed  at 
intervals  of  approximately  30  ft. ;  and  may  be  built  with  advantage 
at  an  angle  of  from  70  to  80°  with  the  axis  of  the  road." 

Is  it  the  intention  of  the  Committee  completely  to  endorse  expan- 
sion joints  under  this  paragraph?  A  great  many  engineers  engaged 
in    the   construction    of   pavements    of   this    character    are    coming   to 
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the  conclusion  that  the  use  of  expansion  joints  across  a  cement  con-  Mr. 
Crete  wearing  surface  is  a  mistake,  and  that  it  is  a  greater  mistake 
to  build  such  expansion  joints  at  an  angle  with  the  axis  of  the  road. 
It  has  become  generally'  acknowledged  that  cracks  in  concrete  roads 
are  unavoidable.  These  cracks,  however,  are  seldom,  if  ever,  caused 
by  expansion,  but  are  contraction  cracks,  and  the  expansion  joints 
are  absolutely  useless  to  prevent  them.  Furthermore,  expansion  joints 
have  a  tendency  to  ride,  especially  if  the  joint  departs  slightly  from 
the  vertical,  and  this  tendency  seems  to  be  greater  when  the  joints 
are  at  an  angle  with  the  axis  of  the  road  than  when  they  are  per- 
pendicular. A  shining  example  of  this  is  a  well-known  road  in  Lasalle 
County,  Illinois,  crossing  the  Illinois  River  bottom,  where  the  expan- 
sion at  the  joints  (which  are  at  an  angle  of  about  70°  with  the  axis 
of  the  road)  has  caused  heaving  or  riding,  and  is  a  very  great  annoy- 
ance to  drivers  of  vehicles.  It  has  been  recognized  for  several  years 
that  with  roads  having  a  brick  surface  filled  with  cement,  cross  expan- 
sion joints  are  a  detriment  rather  than  a  benefit,  the  reason  being 
that  such  a  joint  is  a  source  of  weakness.  The  reasoning  applies 
equally  to  cement  concrete  surfaces. 

Clark  E.  Mandico,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). f—  Mr. 
Although  the  Committee  has  "refrained  from  including  in  this  report 
such  conclusions  regarding  any  material  or  method  as  appear  to  have 
been  generally  agreed  on",  many  controversial  points  have  been  touched 
on  so  lightly  or  in  such  an  unsatisfactory  manner  that  the  recom- 
mendations will  not  carry  the  weight  which  should  be  expected  of 
the  report. 

For  supporting  a  thin  rigid  monolithic  slab  pavement  like  cement- 
concrete,  the  preparation  of  the  sub-grade  becomes  of  much  more 
importance  than  for  other  classes  of  pavement.  The  sub-grade  is 
responsible  for  the  majority  of  the  cracks  which  appear  in  cement- 
concrete  pavements,  and  emphasis  should  be  laid  on  thorough  drainage. 
The  sand  layer  below  can  be  made  to  improve  the  drajnage  of  the 
sub-grade,  and  is  of  some  value  for  that  reason  alone.  The  Committee 
leaves  the  question  of  expansion  joints  ambiguous  by  stating  carefully 
where  and  how  to  place  them  "when  provided  in  a  roadway  slab  or 
pavement",  but  not  stating  its  opinion  as  to  their  necessity.  The  fact 
of  the  matter  is  that  transverse  expansion  joints  in  cement-concrete 
pavements  are  as  much  a  detriment  as  were  the  transverse  joints  in 
the  old  cement-grouted  brick  pavements.  It  is  the  general  practice  of 
most  engineers  at  present  to  omit  them  in  favor  of  some  form  of 
cleavage  plane  or  contraction  joint.  Kansas  City  has  laid  more  than 
50  miles  of  plain  one-course  concrete  pavement  during  the  past  3  years 

*  Kansas  City,  Mo. 

t  Received  by  the  Secretary,   January  14th,   1916. 
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Mr.  without  expansion  joints,  and  with  much  better  results  than  where  such 
'  joints  were  formerly  provided.  Only  two  examples  of  disrupted  trans- 
verse joints,  due  to  expansion,  have  occurred,  and  these  only  on  account 
of  very  careless  construction.  There  is  no  progressive  creeping  of 
any  of  the  long  stretches  of  pavement.  The  present  specifications 
particularly  provide  against  joints  of  any  kind,  care  being  taken  to 
make  any  line  of  weakness  in  the  concrete,  due  to  interruptions  in 
laying,  perpendicular  to  the  surface  of  the  pavement.  It  is  the  writer's 
opinion  that  no  form  of  contraction  or  expansion  joint  should  be 
used,  so  that  the  monolithic  qualities  of  the  pavement  may  be  devel- 
oped to  the  full  extent. 

The  testing  of  materials  is  important,  but  of  equal  importance  is 
the  testing  of  the  finished  concrete,  which  is  not  mentioned  by  the 
Committee.  Compressive  tests  of  cylinders  of  concrete  samples,  taken 
in  the  field  during  the  process  of  construction,  give  very  desirable 
information.  These  tests,  by  comparison,  soon  show  the  best  way  to 
handle  the  various  classes  of  materials  in  order  to  get  the  greatest 
uniformity  and  density. 

Although  mention  is  made  of  protecting  and  wetting  the  surface, 
nothing  is  said  about  preparing  the  sub-grade  to  prevent  the  too  rapid 
drying  out  of  the  bottom  of  the  concrete.     Under  certain  conditions 
of  weather  and  soil,  this  becomes  as  serious  as  surface  drying. 
Mr.  K.  H.  Talbot,*  Jun.  Am.  Soc.  C.  E. — It  is  to  be  regretted  that 

the  Committee  has  not  made  more  definite  recommendations  concern- 
ing the  methods  of  construction  and  the  selection  of  material  for 
cement-concrete  roads.  The  speaker  realizes  that  there  are  so  many 
points  which  should  be  given  consideration  that  undoubtedly  the 
Committee  did  not  feel  in  a  position  to  cover  all  of  them  thoroughly. 
At  the  same  time,  it  would  be  well  for  this  Committee  to  plan  to 
present  to  the  Society  in  detail  those  points  which  go  to  make  up  the 
best  practice  in  concrete  road  construction. 

To  digress  for  a  moment  from  cement-concrete  pavements :  Refer- 
ence is  made  by  the  Committee  to  the  selection  of  the  kind  of  crust  or 
pavement.f  It  would  seem  that,  as  the  word  "crust"  is  not  in  general 
use  among  road  builders,  it  could  be  dispensed  with,  and  that  the  word 
"pavement",  carrying  with  it  an  idea  of  solidity  and  stability,  together 
with  an  ability  to  withstand  the  traffic  to  which  it  is  subjected,  be 
considered  to  refer  to  all  road  surfaces  covered  in  this  report. 

Turning  now  to  the  discussion  of  cement-concrete  pavement: 
Reference  is  made  to  the  necessity  of  a  carefully  prepared  sub-grade, 
but  nothing  is  said  concerning  the  necessity  for  a  uniformly  compacted 
sub-grade.  Uniformity  is  a  matter  of  the  utmost  importance,  par- 
ticularly   where    the    pavement    is    to    be    laid    on    old    macadam    or 

*  Pittsburgh,  Pa. 

t  Proceedings,  Am.   Soc.   C.   E.,   for  December,   1915,   p.   2723. 
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on  any  other  liardened  central  core,  even  though  this  core  be  only  the  Mr. 
old  compacted  earth  road.  In  either  case,  it  is  necessary  that 
the  surface  be  thoroughly  rooted  up  and  rolled  to  uniform  density, 
in  order  that  subsequent  re-adjustment  of  the  sub-grade  may  not 
result  in  uneven  settlement.  Uniformity  of  sub-grade  is  a  neces- 
sity for  success  in  a  pavement  of  any  type.  Uniformity  means,  not 
only  uniformity  of  compression,  but  also  smoothness  of  the  surface. 
Very  often  the  contractor's  foremen  feel  that  they  should  be  allowed 
to  fill  holes  in  the  sub-grade  with  concrete  rather  than  be  required  to 
fill  them  with  earth.  Such  a  practice  is  pernicious,  and  must  result 
in  unsatisfactory  pavements. 

The  Committee  refers  to  the  use  of  a  layer  of  sand  between  the 
sub-grade  and  the  concrete  pavement.  This  practice  is  not  general, 
•and  where  used  has  shown  no  marked  benefit.  It  adds  another  con- 
struction detail,  however,  which  means  additional  expense,  and  unless 
it  is  very  carefully  underdrained,  must  act  as  a  reservoir  to  draw  all 
the  surface  water  under  the  pavement  instead  of  allowing  it  to  take 
its  natural  course  to  the  side-drain.  It  is  impossible,  of  course,  to 
compact  such  a  sand  bed  uniformly.  Re-adjustment  subsequent  to  the 
placing  of  the  concrete  will  set .  up  secondary  stresses  in  the  concrete 
that  may  result  in  fracture.  The  movement  of  the  water  through  the 
sand  will  undoubtedly  aggravate  this  condition.  It  seems  advisable, 
therefore,  to  place  the  concrete  directly  on  a  solid,  carefully  prepared 
sub-grade  of  the  natural  soil. 

The  speaker  agrees  with  the  Committee  that  joints  should  be 
placed  approximately  30  ft.  apart,  but  cannot  agree  with  it  as  to  the 
advisability  of  placing  these  joints  at  an  angle  of  70  or  80°  with  the 
center  line  of  the  pavement.  The  distance  between  joints  will  depend 
on  a  number  of  conditions,  including  the  character  of  the  sub-grade, 
the  drainage,  and  the  quantity  of  reinforcement  used.  In  a  reinforced 
pavement  the  distance  between  joints  can  be  increased  beyond  that 
given  in  the  report. 

Although  reference  is  made  to  the  necessity  of  testing  materials  for 
concrete  road  construction,  nothing  is  said  as  to  the  quality  desired 
for  such  material.  On  page  3017*  of  the  Report  of  1914  sand  is 
defined  as  "finely  divided  rock  detritus  the  particles  of  which  will  pass 
a  10-mesh  and  be  retained  on  a  200-mesh  screen".  Such  material  is 
not  the  most  satisfactory  for  concrete  construction,  as  experience  goes 
to  show  that  the  highest  strengths  are  available  from  fine  aggregate 
containing  material  up  to  that  passing  a  ^-in.  screen.  The  definition 
for  fine  aggregates  given  by  the  Specifications  of  the  American  Con- 
crete Institute,  for  One-Course  Concrete  Highways,  is: 

"Fine  aggregate  shall  consist  of  natural  sand  or  screenings  from 
hard,  tough,  durable  crushed  rock  or  gravel,   consisting  of  quartzite 

•  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1914. 
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Mr.  grains  or  other  equally  hard  material  graded  from  fine  to  coarse  with 
Talbot.  |.]^g  coarse  particles  predominating.  Fine  aggregate,  when  dry,  shall 
pass  a  screen  having  four  (4)  meshes  per  linear  inch;  not  more  than 
twenty-five  (25)  per  cent,  shall  pass  a  sieve  having  fifty  (50)  meshes 
per  linear  inch,  and  not  more  than  five  (5)  per  cent,  shall  pass  a  sieve 
having  one  hundred  (100)  meshes  per  linear  inch.  Fine  aggregate 
shall  not  contain  vegetable  or  other  deleterious  matter,  nor  more  than 
three  (3)  per  cent,  by  weight  of  clay  or  loam.  Routine  field  tests  shall 
be  made  on  fine  aggregate  as  delivered.  If  there  is  more  than  five  (5) 
per  cent,  of  clay  or  loam  by  volume  in  one  (1)  hour's  settlement  after 
shaking  in  an  excess  of  water,  the  material  represented  by  the  sample 
shall  be  held  pending  laboratory  tests.  Fine  aggregate  shall  be  of  such 
quality  that  mortar  composed  of  one  (1)  part  Portland  cement,  and 
three  (3)  parts  fine  aggregate,  by  weight,  when  made  into  briquettes, 
shall  show  a  tensile  strength  of  briquettes  composed  of  one  (1)  part 
of  the  same  cement  and  three  (3)  parts  Standard  Ottawa  sand  by- 
weight.  The  percentage  of  water  used  in  making  the  briquettes  of 
cement  and  fine  aggregate  shall  be  such  as  to  produce  a  mortar  of  the 
same  consistency  as  that  of  the  Ottawa  sand  briquettes  of  standard 
consistency.  In  other  respects  all  briquettes  shall  be  made  in  accord- 
ance with  the  Report  of  Committee  on  Uniform  Tests  of  Cement  of 
the  American  Society  of  Civil  Engineers." 

It  would  seem  that  the  Committee's  definition  for  fine  aggregate 
should  be  more  definite. 

Reference  has  been  made  by  the  Committee  on  page  2725*  to  the 
rational  determination  of  the  proportions  of  fine  and  coarse  ingre- 
dients. Experience  shows  that  the  best  results  are  obtained  by  the  use 
of  not  less  than  one-half  as  much  fine  aggregate  as  coarse  aggregate, 
provided  the  :i-in.  screen  is  considered  the  line  of  demarcation;  in 
other  words,  that  the  fine  aggregate  meets  the  suggested  specification 
just  given.  With  certain  classes  of  material,  such  as  trap  rock,  lime- 
stone, and  slag,  it  becomes  necessary  to  increase  the  quantity  of  mortar, 
so  that  it  will  more  than  fill  the  voids  in  the  stone,  and  thereby  make 
the  striking  off  of  the  concrete  practicable. 

The  cement-concrete  road  is  in  fact  a  stone  road  bound  by  a  cement 
and  sand  mortar,  and  the  only  way  to  insure  satisfactory  wearing- 
quality  for  such  construction  is  to  make  that  mortar  of  suificient 
strength  to  resist  the  impact  and  abrasion  of  traffic  to  which  it  is  sub- 
jected. It  is  of  the  utmost  importance,  therefore,  that  the  mortar 
used  shall  be  of  high  tensile  strength.  Experience  shows  that  such  a 
mortar  should  be  mixed  in  a  proportion  of  1  part  of  cement  to  1^  parts 
of  fine  aggregate,  or  1  part  of  cement  to  2  parts  of  fine  aggregate,  de- 
pending on  the  material  used  in  construction. 

The  consistency  of  the  concrete  at  the  time  it  is  placed  is  of  great 
importance.  Tests  have  shown  that  the  tendency  on  many  jobs  is  to 
use  too  much  water,  and  that  with  longer  mixing  this  quantity  of 
*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915. 
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water   can   be   materially   reduced   and   the   strength   of   the   cimcrete     -\ii-. 
materially   increased.     It  would  seem  that  this  is  a  matter  to  which 
the  Committee  should  give  careful  consideration. 

The  word  "setting"  is  used  in  this  report  in  reference  to  the  harden- 
ing of  concrete,  and  it  is  therefore  not  out  of  place  to  suggest  that 
the  word  "set"  is  a  laboratory  term,  and  has  no  connection  with  the 
action  of  concrete.  "Hardening"  is  a  much  better  term,  is  as  specific 
as  "set",  and  has  the  further  advantage  of  not  being  misvmderstood. 
The  last  paragraph  of  this  section  of  the  report  reads  as  follows :  "In 
all  cases  the  surface  of  the  finished  pavement  should  be  kept  wet  and, 
if  possible,  protected  from  the  sun  for  several  days."  The  words  "if 
possible"  materially  weaken  the  recommendation,  and  are  not  in  line 
with  the  best  practice.  If  these  words  were  omitted,  the  recommenda- 
tion would  carry  much  more  weight.  The  Committee  apparently 
realizes  the  advisability  of  keeping  the  pavement  wet  and  protected, 
but  is  willing  to  lose  this  advantage  if  it  is  difiicult  to  obtain  the 
proper  material  for  covering  and  curing.  Certainly,  all  concrete 
roads — and  concrete  of  any  kind,  for  that  matter — must  be  protected 
from  too  rapid  drying  out,  and,  until  such  time  as  due  consideration 
is  given  to  this  point,  the  care  given  to  other  points  will  be  partly 
counteracted. 

To  digress  somewhat  from  the  matter  covered  by  the  report:  At- 
tention is  called  to  the  fact  that  the  riding  of  one  slab  over  another 
can  be  overcome  without  difficulty  if  proper  attention  is  given  to  the 
construction  of  the  joints  at  the  time  of  placing  the  concrete.  Exam- 
ination of  slabs  which  have  raised  has  shown  the  joint  to  be  at  an 
angle  to  the  surface  of  the  road,  due  to  carelessness  at  the  time  of 
construction. 

Eeinforcing  steel  should  be  as  near  the  top  of  the  slab  as  possible, 
without  endangering  traffic  by  placing  it  so  close  to  the  surface  that 
it  will  eventually  appear.  The  best  distance  apparently  is  approxi- 
mately 2  in.  from  the  top.  It  is  advisable  to  place  the  steel  near  the 
top  of  the  concrete  in  order  that  if  cracks  occur,  from  readjustment  of 
sub-grade,  or  from  whatever  cause,  they  will  be  held  in  place  by  the 
reinforcing  steel  and  will  not  be  allowed  to  open.  Engineers  are  not 
interested  particularly  in  what  happens  to  the  bottom  of  the  concrete 
slab,  but  are  materially  interested  in  seeing  that  any  cracks  which 
appear  in  the  concrete  pavement  do  not  open  so  that  they  will  be  sub- 
jected to  wear.  Reinforcement  is  proving  its  efficiency  in  serving 
such  a  purpose,  and,  though  it  does  nothing  else,  it  will  serve  as  bind- 
ing steel  to  hold  the  concrete  together,  and  will  be  well  worth  what  it 
costs.     The  speaker  thinks  it  has  already  proved  its  efficiency. 

E.  A.  Meeker,*  M.  Am.   Soc.  C.  E. — The  speaker  is  entirely  in     Mr 
accord  with  Mr.  Talbot  in  regard  to  the  protection  of  concrete  from 

*Plainfield,  N.J. 
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Mr.      the  sun,  and  would  go  a  step  farther  by  amending  the  clause  on  page 

Meeker.  2725*  to  read :  "In  all  cases  the  surface  of  the  finished  pavement  must 

be  kept  wet,  and  protected  from  the  sun  for  several  days,"  striking 

out  the  word  "should",   and   substituting  therefor   the  word   "must", 

and  striking  out  the  words  "if  possible". 

The  first  paragraph  under  Cement-Concrete  Pavements,  on  page 
2724,*  reads : 

"The  sub-grade  for  a  cement-concrete  pavement  should  always  be 
as  carefully  prepared,  rolled,  and  compacted  as  for  any  other  roadway, 
and  should  be  made  to  conform  to  the  proper  lines  and  grades." 

The  speaker  suggests  that  this  be  changed  to  read: 

"The  sub-grade  for  a  cement-concrete  pavement  should  always  be 
more  carefully  prepared,  rolled,  and  compacted  than  for  any  other 
roadway." 

This  suggestion  is  made  because  the  strengths  of  concrete  in  com- 
pression and  in  tension  are  very  different.  In  a  good  laboratory  test, 
concrete  will  possibly  attain  a  strength  of  600  lb.  in  tension  and  3  000 
lb.  in  compression.  There  is  comparatively  no  elasticity  in  concrete, 
but  there  is  a  certain  amount  of  elasticity  or  mobility  in  other  pave- 
ments— water-bound  macadam,  or  gravel,  or  any  of  the  others — which 
permits  them  to  adjust  themselves  to  the  changing  conditions  of  the 
foundation. 

One  of  the  first  experimental  roads  built  by  the  American  Cement 
Manufacturers  Association  was  in  New  Jersey,  and  longitudinal  cracks 
appeared  in  it.  The  speaker  knew  the  road  as  it  was  built  originally, 
and  it  was  very  easy  for  him  to  determine  why  those  cracks  occurred, 
as  one  side  was  laid  on  the  old  water-bound  macadam,  and  the  other 
on  the  soft  earth.  The  latter  was  more  yielding  than  the  old  road, 
and,  consequently,  the  pavement  cracked,  and  the  concrete  was  con- 
demned for  the  fault  of  the  sub-grade.  In  a  certain  case,  witnessed 
by  the  speaker,  the  sub-grade  of  the  pavement  had  been  built  about 
3  in.  too  high.  The  contractor  simply  ploughed  it  up,  and  then  put 
a  roller  on  and  mashed  it  down.  This  produced  a  comparatively  uni- 
form base,  and  that  pavement  has  not  cracked  at  all.  Hence,  it  is 
easy  to  see  that  the  more  uniform  the  support  for  the  concrete,  the 
better  the  result  will  be,  because  concrete  has  so  little  mobility. 

Cement-concrete  pavements  have  been  advocated  because  they  are 
cheap,  and,  naturally,  it  is  thought  that  they  should  be  laid  as  quickly 
and  as  cheaply  as  possible.  A  grouted  brick  pavement  is  not  recom- 
mended or  advised  because  it  is  cheap.  It  is  acknowledged  to  be  an 
expensive  pavement,  more  in  the  nature  of  a  luxury  than  the  country 
highway;  and  the  precautions  taken  in  securing  the  proper  foundation 
for  the  grouted  brick  pavement,  and  in  preparing  the  base  on  which 
*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915. 
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to  lay  the  concrete,  are  much  greater  than  those  for  many  of  the  foun-     Mr. 
dations  prepared  for  ordinary  concrete  roads. 

It  is  not  in  a  spirit  of  criticism,  but  of  helpfidness,  that  the  speaker 
makes  these  statements.  An  endeavor  should  be  made  to  obtain  the 
best  results  from  this  material  which  is  being  used  so  extensively, 
and  he  simply  adds  this  word  of  caution,  that  engineers  should  be  just 
as  careful  in  preparing  a  sub-grade  for  a  Portland  cement-concrete  road 
as  for  a  brick  road. 

William  M.  Kinney,*  Jun.  Am.  Soc.  C.  E. — The  importance  of  .Mr. 
careful  preparation  of  the  sub-grade  should  not  be  minimized.  It  is 
not  so  important  that  the  sub-grade  be  "firmly"  compacted  as  that  it 
be  "uniformly"  compacted.  An  old  macadam  road,  if  not  properly 
scarified  and  re-rolled,  may  make  a  far  less  satisfactory  sub-grade  than 
a  relatively  small  but  uniform  fill  on  swampy  ground.  There  woiild 
seem  to  be  no  reason  for  any  difference  in  the  treatment  of  the  sub- 
grade  for  either  brick  or  concrete  roads. 

The  Committee  has  done  well  to  emphasize  the  importance  of  the 
thorough  mixing  of  the  concrete.  In  order  to  give  the  cement  a  chance 
to  perform  its  function,  it  is  essential  that  it  be  well  distributed 
throughout  the  mass,  so  that  each  particle  of  aggregate,  no  matter 
how  small,  is  coated  with  cement.  To  accomplish  this  in  the  best  of 
batch  mixers  requires  a  minute  or  more,  and  any  extra  time  given 
to  mixing  will  more  than  pay  for  itself  in  quality  attained.  This 
is  true  of  concrete  used  for  pavement  foundation  purposes,  but  is 
especially  true  of  that  used  for  wearing  surfaces.  The  time  con- 
sumed in  the  mixing  process  would  seem  to  be  of  considerably  more 
importance  than  the  order  in  which  the  materials  are  placed  in  the 
drum.  It  would  be  logical  to  assume,  however,  that  the  coarse  aggre- 
gate helps  to  accomplish  thorough  mixing  of  the  cement  and  sand, 
and  that  all  aggregates  and  cement  should  enter  the  drum  at  the 
same  time. 

Hand  in  hand  with  insufficient  mixing  goes  the  tendency  to  use 
too  much  water.  An  excess  of  water  makes  the  mixture  look  better, 
but  quality  and  not  looks  is  what  is  wanted.  Only  enough  water  should 
be  used  to  make  possible  striking  the  surface  with  considerable  effort. 

The  time  when  the  surface  is  floated  is  also  of  considerable  im- 
portance, and  is  frequently  overlooked,  because  of  the  habit  of  the 
finisher  to  try  to  keep  up  with  the  mixing  crew.  Excess  of  water 
should  be  allowed  to  evaporate  and  the  concrete  to  stiffen  appreciably 
before  floating  is  done.  When  the  float  is  moved  over  the  surface, 
the-  result  should  be  a  somewhat  rough  finish,  not  a  smooth,  slick  sur- 
face, such  as  results  when  the  concrete  is  floated  too  soon  after  being 
placed. 

*  Chicago,  111. 
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Mr.  There  has  been  considerable  discussion  relative  to  the  proper  name 

Kinney.  ^^^  ^-^q  joint  in  a  concrete  pavement.  Whether  to  call  it  a  contraction 
joint  or  an  expansion  joint  seems  to  be  of  little  importance,  as  move- 
ment takes  place  in  both  directions.  If  joints  are  not  used,  the  con- 
crete must  have  good  strength  and  great  density,  in  order  that  it 
will  have  the  ability  to  move  long  stretches  over  the  uneven  sub-grade. 
To  assist  in  overcoming  this  condition,  the  use  of  reinforcement  has 
been  recommended,  and,  where  used,  has  given  considerable  satis- 
faction. The  disadvantage  of  building  a  pavement  without  joints  is 
that  the  cracks  are  not  under  control.  They  take  an  irregular  course 
across  the  street,  and  sometimes  run  parallel  to  the  center  line  of  the 
pavement.  Frequently,  the  crack  does  not  occur  in  a  vertical  plane, 
and  a  thin  fin  or  edge  is  left  at  the  top  of  the  pavement  which  breaks 
very  easily  under  traffic.  It  is  known  that  cracks  must  occur  at 
certain  intervals,  and  it  seems  well  to  have  them  controlled  in  the 
form  of  joints. 

The  Committee  has  recommended  that  joints  be  placed  at  an  angle 
with  the  center  line  of  the  road.  If  this  angle  is  made  too  sharp, 
the  corners  of  the  acute  angle  at  the  edge  of  the  pavement  have  a 
tendency  to  break  oS.  This  suggests  the  desirability  of  having  the 
angle,  if  other  than  90°,  only  slightly  less  than  90°,  so  that  the  danger 
from  cracking  at  the  edges  will  be  eliminated.  On  a  16-ft.  road 
sufficient  angle  can  be  obtained  by  making  the  longitudinal  distance 
between  the  two  ends  of  the  joints  about  3  ft. 

There  seems  to  be  considerable  room  for  doubt  as  to  the  desirability 
of  eliminating  entirely  the  use  of  protection  plates  at  joints.  A 
number  of  concrete  road  builders  are  still  using  joint  protection  plates, 
and  they  consider  them  to  be  an  advantage  to  the  road.  These  men 
are  building  roads  which  are  giving  good  service,  and  it  would  seem 
that  their  study  of  this  subject  must  have  moved  them  to  go  to  that 
additional  expense.  It  is  possible  that  engineers  will  come  to  feel 
that  their  use  is  dependent  on  the  character  of  the  aggregate  used  in 
the  concrete.  For  instance,  with  granite  or  a  trap-rock  aggregate, 
protection  plates  might  be  found  to  be  unnecessary,  but,  with  gravel 
and  soft  stone,  they  would  be  found  to  be  desirable  and  economical. 
This  is  one  of  the  many  points  still  to  be  studied. 

With  reference  to  the  matter  of  abrasion,  a  number  of  experiments 
are  being  made  under  the  direction  of  Professor  D.  A.  Abrams,  at 
the  Lewis  Institute,  Chicago,  on  the  Talbot-Jones  rattler,  adapted 
for  abrasion  tests  of  concrete.  The  results  of  the  experiments  to  date 
will  be  presented  before  the  American  Society  for  Testing  Materials 
in  June,  1916,  and  should  lead  to  a  considerable  enlightenment  on 
this  subject.  In  connection  with  these  experiments,  there  are  also 
being  made  mortar  compression  tests  in  2  by  4-in.  cylinders,  and 
concrete  compression  tests  in  6  by  12-in.  cylinders. 
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H.  S.  Mattimore,*  Assoc.  M.  Am.  Soo.  C.  E. — The  speaker  does  Mr. 
not  wish  to  raise  a  discussion  regarding  the  distance  between  expansion 
joints,  as  there  is  such  a  variety  of  opinion  in  different  sections  of 
tlie  country.  In  fact,  in  some  of  the  Western  States,  such  joints  are 
not  used.  This  type  of  construction  has  not  yet  reached  that  stage 
where  the  Committee  should  recommend  any  distances.  If  the  dis- 
tances are  increased,  it  may  result  in  an  increase  in  the  number  of 
transverse  cracks,  and  that  should  be  studied  in  order  to  ascertain  how 
their  cost  of  maintenance  compares  with  ordinary  joints. 

J.    C.    BENTLEY,t   Assoc.    M.    Am.    Soc.    C.    E. — The    speaker   has     Mr. 
noticed,  in  several  instances  where  concrete  has  been  laid  on  a  sub-    '^^  ^^' 
grade  of  sandy  composition,  that  the  cement  has  penetrated  into  the 
sub-grade;  in  other  words,  the  water  has  carried  the  cernent  out  of  the 
concrete   and   has   thus   weakened   it.      Is   there   not   some   possibility 
of  conserving  this  strength  by  water-proofing  the   sub-grade  so  that  • 
it  will  retain  the  water  in  the  concrete  ? 

P.  H.  Wilson,:}:  M.  Am.  Soc.  C.  E. — In  curing  cement-concrete  Mr. 
roads,  there  is  a  method  which  has  been  used  with  much  success,  par- 
ticularly in  the  West.  Dikes,  5  or  6  in.  high,  are  built  on  each  side  of 
the  concrete  slab,  the  space  between  is  flooded  with  water,  and  the 
water  is  kept  on  the  concrete  for  a  period  ranging  from  7  to  14  days, 
depending  on  the  temperature.  Thus,  the  concrete  sets  under  perfect 
curing  conditions. 

The  Committee's  Report  states  that  the  concrete  should  be  "pro- 
tected from  the  sun  for  several  days".  This  is  indefinite,  and  does 
not  cover  the  period  of  curing.  The  words  "several  days"  should  cer- 
tainly be  "fourteen  days". 

In  the  specifications  on  page  2734,  the  cements  to  be  accejited  are 
referred  to  as  those  meeting  the  specifications  of  the  "Society's  Special 
Cr.mmittee  on  Concrete  and  Reinforced  Concrete".  That  Committee 
did  not  prepare  the  specifications  for  the  testing  of  cement.  This  was 
done  by  the  Special  Committee  on  Uniform  Tests  of  Cement.  The 
tests  of  the  latter  Committee  are  very  much  more  extensive  and  are 
those  under  which  practically  all  cement  is  accepted  to-day. 

(lEOROE  C.  Warrex.§  Es(^. — Does  not  the  question  of  the  expansion  Mr. 
depend  on  the  cement  to  a  great  extent?  Some  years  ago,  the  speaker 
was  interested  in  a  cement  manufactured  at  a  new  plant.  This 
cement  had  been  insufficiently  cured,  but  otherwise  was  as  perfect  as 
any  ever  put  in  a  sidewalk.  The  slabs  were  about  4  ft.  square,  and  the 
usual  expansion  joints  were  provided.  In  about  2  months,  each  of 
those  slabs  was  like  an  inverted  plate,  and  in  many  cases  the  concrete 

*  Albany,   N.   Y. 
t  Hackensack,   N.   J. 
t  Philadelphia,   Pa. 
S  Boston,  Mass. 
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Mr.  had  expanded  so  much  that  it  had  deflected  the  12-in.  granite  curb  at 
the  end  of  the  work  until  it  stood  at  an  angle  of  about  45°,  instead  of 
90°  as  it  should.  In  that  case  the  concrete  simply  expanded;  but  a 
properly  manufactured  and  cured  cement  would  doubtless  have  given 
no  trouble. 

More  than  10  000  tests  for  determining  the  voids  in  mineral 
aggregates  have  been  made  in  the  laboratory  of  Warren  Brothers 
Company,  or  more  than  made  by  any  other  organization  or  laboratory 
in  the  world.  No  one  realized  the  importance  of  the  voids  in  the 
aggregate,  and  therefore  it  was  not  incumbent  on  any  one  to  make 
such  a  systematic  series  of  tests. 

Mr.  August  E.  Schutte,  who  collaborated  with  the  speaker's  brother, 
the  late  Frederick  John  Warren,  before  the  latter  applied  for  the 
patents  under  which  the  Bitulithic  pavement  is  being  laid,  devised 
a  method  which  is  now  well  known  as  the  "Schutte  Truncated  Cone 
Test  for  Voids".  This  method  has  been  used,  without  change,  by 
the  speaker's  company,  since  1900,  not  only  for  the  determination  of 
voids  in  a  certain  known  aggregate,  but  also  for  the  production  of 
dense  aggregates. 

The  truncated  cone  shape  of  the  receptacle  was  adopted  after 
numerous  experiments  to  get  concordant  results — results  checking 
with  one  another. 

It  was  found  that,  if  a  vessel  having  vertical  sides  is  used,  the 
aggregate,  in  compacting,  will  change  constantly  during  the  test,  the 
particles,  especially  the  large  ones,  changing  in  juxtaposition.  On 
starting  a  test,  the  coarse  particles  will  first  go  to  the  bottom  and 
there  adjust  themselves;  the  fine  particles  then  will  slowly  sift  and 
work  to  the  bottom,  and  then  arch  and  slowly  but  surely  force  the 
coarser  particles  upward.  This  will  continue  until  the  entire  lower 
layer  of  the  receptacle  is  composed  of  fine  material,  the  coarser 
particles  being  forced  up  and  out.  The  truncated  sides  of  the  cone 
prevent  this,  as  the  coarse  particles,  when  once  lodged  in  the  proper 
places,  cannot  be  forced  upward.  This  was  the  reason  for  adopting 
the  truncated  cone. 

Void  tests  which  check  very  closely  with  each  other  can  be  made 
in  a  box  having  vertical  sides,  but  much  care  must  be  taken  in  order 
to  have  the  results  check.  The  box  must  have  a  cover  or  sliding 
lid,  and  this  must  be  held  securely  in  place  so  as  to  prevent  any 
movement  of  the  coarse  particles;  and  the  sides  of  the  box  must 
be  prevented  from  bulging.  It  is  difficult  to  construct,  and  difficult 
to  handle,  such  a  box,  and  tests  made  with  it  lack  the  convenience, 
the  accuracy,  and  the  speed  which  characterize  those  made  by  the  use 
of  the  cone. 

The  angle  which  the  sides  make  with  the  base  does  not  matter, 
if  the  desired  effect  is  produced,  that  is,  if  the  particles  are  prevented 
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from  moving  upward.  Cones  at  various  angles  have  been  tried  and  Mr. 
have  given  practically  the  same  results.  It  is  natural  that  a  very  ^^"^"• 
large  cone  for  testing  small  aggregate  will  not  have  such  an  effect; 
and,  again,  it  is  obvious  that  a  very  small  cone  for  testing  aggregate 
of  large  size  will  introduce  an  error  due  to  the  "unnatural"  void  caused 
between  the  stone  and  the  sides,  or  especially  the  bottom,  of  the  cone. 
It  has  been  customary,  therefore,  for  an  aggregate  containing  par- 
ticles of  about  1^  in.  in  diameter,  to  use  a  cone  having  a  capacity 
of  from  3  000  to  5  000  c.c. ;  and,  for  smaller  aggregate,  for  instance, 
i-in.  stone,  a  cone  having  a  capacity  of  1  000  c.c.  is  convenient.  For 
sand,  small  cones  of  about  100  c.c.  (a  100-c.c.  glass  flask)  have  given 
excellent  results.  However,  if  |-in.  stone  is  tested  in  a  cone  having 
a  capacity  of  from  3  000  to  5  000  c.c,  the  results  will  be  almost 
identical  with  those  obtained  with  the  smaller  cone;  and  large  par- 
ticles when  tested  with  the  smaller  cone  will  give  a  large  per- 
centage of  voids. 

The  selection  of  the  proper  cone  is  a  matter  of  convenience  and 
for  the  purpose  of  reducing  the  work  of  testing  and  introducing  as 
small  an  error  as  possible,  exactly  as  a  chemist  will  select  a  flask  or 
beaker  of  appropriate  size  for  the  test  he  intends  to  make  and  the 
quantity  of  material  he  intends  to  use. 

The  actual  shape  of  the  cone  is  also  a  matter  of  convenience. 
Large  ones  require  bales  or  handles;  smaller  ones  need  only  a  neck 
at  the  top  to  facilitate  grasping.  The  cones  used  by  Mr.  Schutte 
have  a  ring  about  1  or  IJ  in.  high  and  about  2  in.  in  diameter  at 
the  upper  end. 

The  thickness  of  the  metal  of  which  the  cone  is  made  is  determined 
by  the  size  of  the  aggregate,  and  the  only  criterion  of  the  proper 
thickness  is  the  utility  of  the  instrument.  If  the  metal  is  too  thin 
it  will  stretch,  and  vitiate  the  result;  and  a  cone  made  of  very  heavy 
metal  is  difficult  to  handle  on  account  of  its  excess  weight.  The 
question  is  not  how  thick  the  metal  should  be,  but  only  how  thin  it 
may  be.  For  small  cones,  such  as  those  of  1  000  c.c,  yV'^^-  w^etal 
is  strong  enough,  and  stretches  very  little  (about  6  c.c  for  ten  tests)  ; 
for  larger  cones,  ^Vin.  seems  to  be  a  very  good  thickness.  Those 
figures  refer  only  to  the  ordinary  galvanized  or  boiler  iron.  If  steel 
is  used,  the  metal  may  be  much  lighter.  The  bottom  of  the  cone 
is  "dished",  and  riveted  from  the  outside.  This  is  most  convenient 
and  makes  the  strongest  cone.  The  voids  are  tested  in  a  compacted 
aggregate,  that  is,  the  aggregate  is  compacted  until  no  more  diminu- 
tion in  volume  takes  place.  To  stop  at  any  other  point  before  this 
takes  place  would  be  simply  making  an  incomplete  test,  and  would 
be  no  better  than  a  guess.  Care  should  be  taken,  in  making  a  test, 
not  to  stop  jarring,  jostling,  or  poxmding  and  tapping  the  cone  until 
this  point  is  reached.     The  matter  of  compacting  has  been  carefully 
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Mr.  studied,  especially  with  the  object  of  saving  as  much  time  as  possible 
■  in  making  a  test.  The  method  which  is  most  effective  and  also  most 
economical  in  time  is  as  follows:  The  cone  is  grasped  at  the  top 
and  shaken  forcibly  back  and  forth,  while,  at  the  same  time,  it  is 
turned  so  that  different  parts  of  the  bottom  strike  the  block  of  wood 
on  which  the  test  is  made,  and  then,  occasionally,  the  cone  is  picked 
up  and  dropped  flat  on  the  base  so  that  the  whole  bottom  ring  strikes 
at  once.  No  set  rule  can  be  given  for  the  number  of  gyrations  or 
blows  the  cone  should  receive  before  the  test  is  complete.  Large  cones 
require  longer  time  and  considerably  more  work  than  small  ones, 
the  object  always  being  to  get  maximum  and  total  compaction.  An 
operator  soon  finds  the  method  easiest  for  him  that  gives  the  quickest 
results.  Shaking  the  cone  forcibly  for  about  a  minute  so  that  all 
the  edges  strike  and  then  raising  it  8  or  10  in.  and  letting  it  drop 
on  the  wood  block,  and  repeating,  seems  to  give  the  result  in  less 
time  than  any  other  method  tried.  The  speaker  uses  a  block  of 
wood  placed  on  a  concrete  foundation,  and  this  is  of  such  a  height 
that  the  operator  can  sit  on  a  stool  when  making  a  test.  A  block 
of  wood  forms  a  very  convenient  base  for  jarring  the  cone.  It  is 
not  essential,  however,  for  in  some  cases  Mr.  Schutte  has  used  the 
granite  window  sill  of  a  building  after  placing  on  it  a  piece  of  sole 
leather.  Any  convenient  and  firm  base  having  on  it  some  material 
such  as  leather  or  lead,  so  as  to  deaden  the  blow,  may  be  used. 

No  special  formula  is  required  for  calculating  the  voids;  the  aggre- 
gate, as  compacted,  is  simply  compared  with  the  calculated  solid 
weight.  The  difference,  expressed  as  a  i)ercentage,  represents  the 
voids. 

Determination  of  Voids  in  Mineral  Aggregate  hy  the  Schutte 
Truncated  Cone  Method. — 

1st. — Select  a  cone  of  such  strength  that  it  will  not  stretch  or 
expand  while  the  test  is  being  made. 

2d. — Select  a  cone  of  a  size  which  will  prevent  the  coarse  particles 
from  moving  upward  (1000  c.c.  for  |-in.  aggregate  and  smaller; 
3  000  to  5  000  c.c.  for  1^-in.  aggregate). 

3d. — Determine  the  capacity  of  the  cone  by  filling  it  with  distilled 
water  and  weighing  it. 

4th. — Determine  the  specific  gravity  of  the  aggregate.  If  the 
aggregate  is  of  sand  and  stone,  determine  each  separately  and  calcu- 
late the  average  specific  gravity  in  accordance  with  the  percentage 
found  to  obtain  in  the  aggregate. 

5th. — Determine  the  weight  of  the  cone  if  filled  solidly  with  the 
aggregate  (multiplying  the  capacity,  in  grammes,  by  the  specific 
gravity). 

6th. — Mix  the  aggregate  thoroughly.  This  is  done  preferably  by 
placing   it  on   a   piece  of  paper,  taking   up   one  end   and   rolling  the 
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whole  mass  until  it  assumes  an  elongated  form,  then  taking  up  the  Mr. 
opposite  corner  and  rolling  it  up  against  itself.  Place  the  aggregate  "'■'*^"- 
in  the  cone,  filling  it  nearly  to  the  top.  Place  a  piece  of  waste  in 
the  neck  of  the  cone,  and,  while  placing  the  fingers  against  the 
waste,  commence  jarring  the  cone.  Add  more  material  and  continue 
until  no  more  can  be  made  to  enter.  Weigh  the  cone  and  the  aggre- 
gate and  determine  the  percentage  of  aggregate  in  the  cone  as  com- 
pared with  the  solid  weight.  This  gives  the  percentage  of  solid  aggre- 
gate, and  subtracting  this  from  100%  gives  the  percentage  of  voids. 
The  foregoing  is  expressed  by  the  following  equation: 

(  (^j j^       , 

Percentage  of  voids  =  -  1  —  -r- mOO 

/  ( i>  —  A)JJ\ 

in  which  A  is  the  weight  of  the  cone;  B  is  the  weight  of  the  cone 
filled  with  water;  C  is  the  weight  of  the  cone  filled  with  compacted 
aggregate  (all  weights  being  in  grammes) ;  and  D  is  the  specific 
gravity  of  the  aggregate.  It  is  very  convenient  to  have  the  weight 
of  the  cone  an  even  number  of  grammes,  such  as  1 000  or  1 500 
grammes,  and  the  capacity  of  the  cone  also  an  even  number,  such 
as  1 000,  2  000,  4  000,  etc.  The  weight  of  the  cone  can  be  easily 
increased  by  soldering  lead  around  the  upper  ring;  the  capacity  can 
be  regulated  by  cutting  off  portions  of  the  top. 

A.  ]Sr.  Johnson,*  M.  Am.  Soc.  C.  E. — On  the  speaker's  first  concrete      Mr.     ■ 
road  construction,  he  conceived  the  idea  of  placing  the  joints  at  an  ' 
angle,    because,    at   that   time,    it   was    thought   necessary    to    use    an 
armored  joint,   and,   in  placing  such  a  joint,   with  steel   edges,   it   is 
difficult  to  make  it  lie  truly  with  the  surface  of  the  road,  so  that  there 
is  frequently  a  slight  unevenness  there. 

If  that  unevenness  is  great,  vehicles  will  pass  over  the  pavement 
better  if  the  joint  is  at  an  angle,  than  if  it  is  square  across.  On  the 
other  hand,  where  the  practice  is  to  leave  out  the  armored  joint,  that 
condition  disappears,  because  the  joint  can  be  made  with  true  con- 
tinuity of  the  surface  of  the  pavement.  Therefore,  unless  the  armored 
joint  is  used,  the  speaker  can  see  no  reason  for  placing  the  joint  other- 
wise than  square  across  the  road. 

E.  H.  THOMES,t  M.  Am.  Soc.  C.  E. — In  the  matter  of  expansion  Mr. 
joints  and  reinforcements,  it  is  well  to  consider  the  proportions  and 
character  of  the  materials;  the  conditions  of  temperature  and  mois- 
ture, both  during  and  after  construction;  the  difficulty  in  consolidating 
and  finishing  the  concrete  at  expansion  joints ;  and  also  the  relative 
costs.     Under  what  conditions  is  the  additional  cost  justified? 

It  is  an  open  question  whether  or  not  transverse  expansion  joints  and 
protection  plates  are  beneficial.     The  speaker  is  of  the  opinion  that 

*  Chicago,  111. 
t  Jamaica,  N.  Y. 


1154     DISCUSSION"  ON  MATERIALS  FOE  ROAD  CONSTRUCTION      [Papers. 

Mr.  they  are  not  worth  the  expense  of  putting  them  in  and  the  trouble 
caused  by  having  them.  It  may  be  just  as  well  to  make  a  vertical, 
full-depth  bituminous  joint  where  the  work  is  stopped  noon  and  night, 
let  the  fine  cracks  form  where  they  will,  and  then  fill  them  with  a 
small  quantity  of  bitumen  filler. 


Thomes. 


BEICK  AND  SLAG  BLOCK  PAVEMENTS. 

Mr.  P.  E.  Green,*  M.  Am.  Soc.  C.  E.  (by  letter).! — Under  the  heading 

■  "Brick  and  Slag  Block  Pavements",  the  Committee  states: 

''Toughness,  resistance  to  wear  from  shock  or  abrasion,  and  non- 
absorption  are  essential  qualities.  The  first  two  can  be  determined  by 
the  standard  rattler  test,  and  the  last  by  the  customary  absorption 
test  through  immersion  in  water." 

This  paragraph,  it  would  seem,  must  have  been  prepared  several 
years  ago,  because,  for  several  years,  engineers  engaged  in  work  of 
this  character  have  recognized  that  the  absorption  test  for  brick  is 
absolutely  useless,  the  reason  being  that  an  inferior  brick  having  a 
skin  which  has  been  strongly  vitrified,  but  a  soft  interior,  will  pass 
a  very  low  absorption  test,  in  fact,  lower  than  an  evenly  burned  block, 
though  the  latter  will  pass  the  abrasion  test  with  honors  and  the  other 
block  will  absolutely  fail.  Even  the  standard  rattler  test  fails  at 
times.  The  writer  had  a  very  clear  illustration  of  this,  in  the  summer 
of  1915,  when  he  was  requested  to  examine  into  the  cause  of  the  failure 
of  a  brick  pavement  in  Chicago  only  4  years  old,  and  with  a  traffic 
of  approximately  1 000  vehicles  per  day.  The  records  showed  that 
the  bricks  had  passed  the  rattler  test  very  well.  The  writer  had  a 
large  number  of  the  bricks  taken  from  the  street  and  tested  in  both 
the  standard  rattler  and  the  old  fashioned  rattler,  and  in  every  case 
the  bricks  as  taken  from  the  street  passed  with  an  average  loss  of 
about  13% ;  nor  did  the  individual  bricks  vary  a  great  deal  in  their 
loss.  Not  until  a  very  careful  progressive  rattler  test  was  made  by 
the  Highway  Department  of  the  State  of  Illinois,  the  results  being 
observed  at  the  end  of  each  500  revolutions,  was  there  any  indication 
of  the  reason  for  the  failure. 

The  Committee  further  states  that  the  thickness  of  the  sand 
cushion  is  often  excessive,  and  that  the  function  of  this  cushion  is 
to  give  some  resiliency  to  the  wearing  course.  The  writer  agrees 
that  the  thickness  is  often  excessive;  but  he  doubts  very  much  whether 
the  function  of  the  sand  cushion  is  any  other  than  to  allow  for 
irregularities  in  the  surface  of  the  foundation.  He  is  of  the  opinion 
that  a  mortar  cushion  may  be  very  desirable,  especially  on  country 
highways,  as  shown  by  experiments  of  the  State  Highway  Department 

*  Chicago,  111. 
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of  Illinois  and  at  Paris,  111.,  where  a  mortar  bed  was  used  instead  of  Mr. 
the  ordinary  sand  cushion.  The  main  difficulty  to  be  overcome,  in  ^'^^°- 
the  use  of  a  cushion  of  this  sort  for  city  pavements,  seems  to  be 
the  lack  of  co-ordination  between  the  arrival  of  the  material  and 
the  contractor's  labor.  It  is  essential  for  an  economical  handling  of 
the  construction,  from  a  contractor's  viewpoint,  that  he  be  not  com- 
pelled to  lay  oif  his  labor,  but  that  he  can  follow  up  the  work  in  an 
orderly  manner.  It  happens  almost  always  that  the  brick  is  the  last 
material  to  arrive.  It  is  generally  a  fact  that  it  has  to  be  shipped 
farthest,  and  hence  it  seems  that  there  is  considerable  irregularity 
in  its  delivery.  The  usual  course  in  laying  a  brick  pavement  is  for 
the  grading  gang  to  do  its  work  and  following  it  the  concrete  gang, 
and,  when  the  concrete  is  laid  far  enough  ahead  and  there  is  enough 
brick  on  hand,  the  concrete  gang  is  very  likely  to  be  set  to  work 
laying  brick.  This  is  not  possible  with  the  use  of  an  ordinary  mortar 
cushion,  which  is  intended  to  be  made  integral  with  the  foimdation. 
The  bricklaying  must  proceed  simultaneously  with  the  concreting. 
Therefore,  unless  the  materials  are  all  promptly  on  hand,  the  con- 
tractor must  lay  oif  his  men  and  stop  the  work,  thus  possibly  losing 
his  best  and  most  experienced  workers,  who  cannot  afford  to  be  idle 
for  several  days  or  weeks,  as  the  case  may  be.  This  is  an  angle  of 
the  situation  which  must  not  be  overlooked. 

Clark  R.  Mandigo,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter ).t — Under  Mr. 
'■'Brick  and  Slag  Block  Pavements"  non-absorption  of  the  material  *°  ^^^' 
is  classed  as  an  essential  quality.  The  rattler  test  will  reject 
brick  as  unsuitable  for  paving  long  before  the  absorption  approaches 
that  of  building  brick,  or  becomes  high  enough  to  be  at  all  harm- 
ful. Porosity  of  brick  is  a  factor  of  the  clay  or  shale  used  and 
the  method  of  burning,  and,  within  considerable  limits,  does  not  indi- 
cate anything  as  to  the  durability  of  the  brick.  An  investigation  into 
the  durability  of  the  early,  "soft",  high  absorptive  brick  pavements 
should  be  convincing  on  this  point.  It  is,  in  fact,  a  question  whether 
we  have  not  gone  to  the  other  extreme  in  not  putting  minimum  limits 
to  the  toughness  of  paving  brick,  so  as  to  be  certain  to  provide  mate- 
rial which  will  abrade  slightly  under  traffic.  It  is  true  that,  with  a 
given  brand  of  paving  brick,  the  compressive  strength  and  the  weight 
per  cubic  foot  increase  with  a  decrease  in  absorption,  but  so  does  the 
modulus  of  elasticity,  and  probably  the  coefficient  of  expansion,  making 
the  strains  due  to  thermal  action  much  more  intense.  A  non-absorption 
test  is  also  very  difficult  for  many  manufacturers  to  meet.  The 
absorption  of  different  bricks  of  the  same  exterior  appearance  varies, 
the  products  of  various  manufacturers  vary,  the  quantity  of  absorp- 
tion varies  with  the  extent  and  kind  of  air  drying  the  brick  receives 
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Mr.  before  being  brought  to  the  laboratory,  and,  in  making  paving  brick 
iKo.  ^jjjj^,]^  ^^jii  stand  the  rattler  test  and  give  good  service  in  the  street, 
the  manufacturer  cannot  control  the  porosity  absolutely. 

Nothing  is  said  by  the  Committee  in  regard  to  bituminous  fillers, 
although  in  the  West  and  Southwest,  high-grade  asphalt  fillers  have 
given  good  satisfaction  for  a  number  of  years,  and  cement  grout  has 
not  been  at  all  successful.  The  asphalt  fillers,  however,  should  be 
used  with  the  minimum  width  of  joint  possible. 

Where  a  sand  bed  is  used,  it  is  very  desirable  to  reduce  it  to  a 
maximum  depth  of  I  in.  Specifications  should  insure  an  even  concrete 
foundation  laid  to  a  template  and  a  variation  in  depth  of  brick  not  to 
exceed  ^  in.,  so  that  a  thin  sand  bed  will  be  practical.  The  sand  bed 
has  been  responsible  for  many  defective  brick  streets,  and  a  reduction 
in  the  standard  depth,  to  a  point  as  low  as  is  consistent  with  proper 
bedding  of  the  bricks,  is  necessary  on  account  of  the  difficulty  of 
compacting  the  sand  uniformly.  It  cannot  be  denied  that  a  thin, 
thoroughly  compacted,  confined  sand  bed  has  no  more  resiliency  than 
the  concrete  base  on  which  it  rests.  The  cement-sand  bed  performs 
all  the  essential  functions  of  a  sand  bed  and  has  the  added  advantages 
of  remaining  permanently  in  place,  maintaining  the  bricks  in  their 
original  position,  and  very  materially  reducing  the  noise.  To  be  most 
successful,  the  water  should  be  added  to  set  the  cement  after  the 
rolling  and  just  before  placing  the  joint  filler.  These  remarks  on 
,,. ,.  ...v  sand  beds  apply  with  equal  force  to  stone  block  pavements.  The 
reduction  in  the  noisiness  of  stone  block  pavements  by  the  use  of 
bituminous  filler  is  not  so  much  due  to  the  filler  as  to  the  fact  that 
the  soft  filler  allows  the  blocks  to  adjust  themselves  from  time  to  time 
to  the  vagaries  of  the  plain  sand  "bed,  and  be  solidly  bedded  in  com- 
pacted sand.  Comparison  of  the  noise  produced  by  a  vehicle  going 
over  a  cement  grouted,  stone  block  pavement  in  a  plain  sand  bed 
with  that  made  by  the  same  vehicle  passing  over  a  pavement  with 
a  cement  mortar  bed  shows  a  very  startling  and  a  very  real  difference 
in  favor  of  the  mortar  bed.  Resilience — if  there  ever  is  any  worth 
mentioning  on  a  well-built  pavement — is  not  a  factor  in  noise  elimi- 
nation.        '^.«-  ''^t  '■':,      '  - 

Nothing  is  said  by  the  Committee  regarding  the  reduction  in 
depth  of  the  wearing  surface  of  either  brick  or  stone  block  pavements. 
The  standard  depths  have  come  down  to  us  from  early  days,  and,  with 
modern  methods  of  testing  materials  and  construction,  there  is  a 
question  whether  or  not  these  depths  are  necessary,  except  on  the 
heaviest  traffic  streets.  Certainly,  economy  in  design  requires  the 
engineer  to  take  advantage  of  the  least  thickness  of  surfacing  that  will 
sustain  the  Ijiraffic  of  the  road  or  street  to  be  paved.  A  report  from 
those,  who  have  tried  a  reduced  thickness  of  wearing  surface,  together 
with  a  traffic  census,  would  undoubtedly  furnish  much  useful  in- 
formation. 
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Phevost  lliBBAKD,*  Assoc.  Am.  Soo.  0.  E.— Attention  is  called  to       Mr. 
a  slight  oversight  in  connection  with  "absorption".    The  first  sentence    " 
under  "Brick  and  Slag  Block  Pavement",  page  2725,t  reads :  "Tough- 
ness, resistance  to  wear  from  shock  or  abrasion,  and  non-absorption 
are  essential   qualities".      This   is   all   right,   but,  on   pages   2731   and 
2T3o,t  under  "Tests  for  Paving  Brick",  no  "absorption  test"  appears. 

In  connection  with  the  subject  of  a  filler  for  brick  pavements,  the 
following  statement  occurs  on  page  2726,t  imder  the  heading  "Stone 
Block  Pavements" : 

"As  it  is  desirable  to  secure  a  suitable  water-proof  wearing  course 
for  pavements,  sand  should  never  be  used  alone  as  the  joint  filler.  A 
bituminous  filler  may  be  preferred  to  a  cement  grout  filler  on  account 
of  the  lower  cost  of  street-opening  repairs,  the  better  foothold  provided 
for  horses,  and  the  securing  of  a  more  resilient  and,  hence,  less  noisy 
pavement." 

Why  should  not  this  argument  also  be  applied  to  fillers  for  brick 
pavements?  In  the  second  paragraph  under  the  heading  "Brick  and 
Slag  Block  Pavements",  no  reference  is  made  to  this  matter.  Why 
were  bituminous  fillers  not  considered  for  brick  pavements,  when  their 
advantages  for  stone  block  pavements  are  set  forth  so  fully  ? 

The  speaker  is  very  much  interested  in  this  question  of  the  use  of 
bituminous  fillers  for  brick  pavements.  The  Committee  has  referred 
to  the  use  of  sand  joints,  that  is,  sand  fillers  for  joints,  as  occasionally 
justified  in  the  interests  of  economy;  and  it  says  that  cement  joints, 
when  properly  made,  will  maintain  the  integrity  of  the  surface,  but 
special  skill  and  care  in  application  are  essential.  It  has  said  nothing, 
however,  as  regards  the  bituminous  filler.  It  is  suggested  that,  in  the 
discussion  of  fillers  for  brick  and  slag  block  pavements,  bituminous 
fillers  be  recognized  in  the  same  general  manner  as  for  stone  blocks. 

T.  J.  McGovERN,:]:  Esq. — The  speaker  does  not  know  much  about  Mr, 
bituminous  fillers  for  brick  pavements,  but  laid  some  brick  pavements 
with  a  cement  filler,  22  years  ago,  and  the  joints  are  in  very  good 
condition  to-day.  The  bituminous  filler  is  less  noisy  than  the  cement, 
and  a  joint  made  of  bituminous  material  and  sand  acts  very  well 
as  an  expansion  joint;  and  it  should  be  as  effective  in  a  filler  for  n 
brick  pavement. 

There  is  nothing  better  for  a  filler  than  the  ordinary  sheet  asphalt 
composition,  either  for  vitrified  brick,  stone  block,  or  slag  block. 
There  are  quite  a  number  of  cases  of  brick  pavements  in  which  tte 
joints  are  not  filled  with  anything  but  hot  asphalt,  melted  sufficiently 
to  pour. 


McGoverD. 


*  Washington,    D.   C. 
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Mr.  On  hot  or  warm  days,  the  asphalt  runs  from  the  joints,  but  the 

'  composition  sand  and  asphalt  joints  stick  well  and  protect  the  edges 
of  the  bricks. 

The  asphalt  and  sand  were  mixed  in  a  brick  form,  about  i  in.  thick. 
These  bricks  were  not  made  in  a  press.  The  mixture  was  tamped  into 
the  side  of  an  old  X-beam.  These  bricks  were  placed  where  an  expan- 
sion joint  was  required,  and  were  laid  only  as  expansion  joints,  and 
along  the  gutters.  The  remaining  courses  were  filled  with  cement. 
Mr.  E.  H.  Thomes,*  M.  Am.  Soc.  C.  E. — The  speaker  would  call  to  the 

attention  of  the  Committee  the  advisability  of  providing  for  niore 
detailed  information  in  the  forms  given  in  Appendix  A  of  the  report. 
In  the  matter  of  records,  it  is  better  to  have  too  much  information 
than  not  enough.  Two  pavements  may  be  constructed  with  the  same 
materials  and  methods  and  both  may  appear  to  be  alike,  but  one 
may  be  a  success  and  the  other  a  failure.  Unless  full  information 
concerning  all  details  and  conditions  is  available,  engineers  are  unable 
to  determine  the  causes  of  the  good  or  poor  results.  Much  careful 
investigation  of  the  m.any  various  conditions  is  necessary,  in  order 
to  determine  the  relative  importance  of  each  factor. 

It  has  been  stated  that  further  information  may  be  given  under 
Kemarks.  Ajiy  information  may  be  given  under  Remarks,  but  the 
reporter  is  requested  to  note  any  special  traffic  characteristics  under 
that  heading;  however,  unless  some  mention  is  made  of  other  details,  he 
is  much  less  likely  to  record  valuable  information  which  otherwise 
would  not  be  obtained.  No  harm  is  done  by  asking  for  more  details, 
and  much  may  be  gained.  Under  Remarks  may  be  stated  any  special 
methods  or  equipments  used  and  any  special  conditions  effecting  good 
or  poor  results.  When  possible,  state  the  minimum,  maximum,  and 
average  results  of  tests,  quantity  represented,  and  number  of  tests. 
Some  additional  information  along  the  following  lines  is  suggested: 

General  Information. — ^Nature  of  sub-grade;  drainage  conditions; 
character  and  dimension  of  shoulder,  gutter,  curb,  etc. ;  and  conditions 
of  maintenance,  cleaning,  sprinkling,  etc.,  of  both  pavement  and 
shoulder. 

Foundation. — Materials  and  proportions. 

Wearing  Course. — Character,  proportions,  and  size  of  joints;  depth 
of  bed;  proportions;  and  analysis  of  all  materials  used. 

Sand. — Natural,  screened,  washed;  the  mineral  composition;  char- 
acter of  the  grains;  percentage  of  clay;  and  percentage  of  organic 
matter. 

The  tensile  strength  of  cement  briquettes  as  compared  with  those 
in  which  standard  Ottawa  sand  is  used  seems  to  be  more  indefinite 
and  of  less  practical  value  than  the  tensile  strength  of  the  1 :  3  mortar, 
in  pounds  per  square  inch,  at  7  and  28  days. 

*  Jamaica,  N.  Y. 
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The  results  obtained  with  Ottawa  sand  are  more  for  a  test  and  Mr. 
comparison  of  the  cement  used,  and  it  is  well  to  record  these  results, 
and  also  the  tests  of  the  cement,  but  the  information  desired  most 
is  the  stronfrth  of  the  sand  and  cement,  and  instead  of  specifying 
this  by  a  percentage  compared  with  Ottawa  saud,  why  not  specify 
and  record  the  actual  strength,  in  pounds  per  square  inch,  of  the 
mortar  or  concrete.  The  relative  percentage  of  strength  of  two  sands 
varies  somewhat,  according  to  the  character  of  the  cement. 

The  compressive  strength  is  a  more  imi)ortant  test  than  the  tensile 
strength,  but  it  is  not  so  easily  made.  It  would  seem  advisable  to 
provide  a  blank  for  all  tests  of  the  cement,  and  fine  and  coarse 
aggregates,  showing  minimum,  maximum,  and  average  tests,  age, 
size  of  test  piece,  etc. 

The  data  on  paving  brick  offered  by  Mr.  Howard  are  the  best  known 
to  the  speaker. 

W.   H.   CoNNELL,*  Assoc.   M.   Am.   Soc.   C.  E. — There  has  been  a     Mr. 
great  deal  of  experimenting  recently  for  the  purpose  of  finding  some 
bituminous  filler  which  could  be  put  into  the  joints  between  the  bricks 
without  smearing  it  all  over  the  surface  and  changing  the  appearance 
of  the  brick  pavement  to  that  of  an  asphalt  pavement. 

It  seems  to  be  recognized  more  or  less  generally  that  the  best  bitu- 
minous filler  is  a  mixture  of  about  half  sand  and  half  tar,  or  sand 
and  asphalt.  Of  course,  the  tar  and  asphalt  should  meet  the  require- 
ments of  a  definite  specification.  The  difficulty  has  been  to  find  some 
method  of  placing  the  filler  in  the  joint  without  smearing  it  and  cov- 
ering the  whole  surface. 

The  method  used  in  a  good  many  cases  has  been  simply  to  pour 
the  hot  sand  and  asphalt  on  the  brick,  and  then  use  a  rubber  squeegee 
and  shove  it  into  the  joints.  Of  course,  that  discolors  the  pavement 
and  changes  its  entire  appearance.  There  is  a  lack  of  information  as 
to  a  proper  machine  to  use,  or  the  proper  means  of  putting  this  filler 
into  the  joints.  The  speaker  is  of  the  opinion  that  it  would  make  a 
very  desirable  filler. 

Has  the  Committee  knowledge  of  any  research  work  that  will  eventu- 
ally enable  engineers  to  specify  the  percentages  of  the  different  ma- 
terials that  go  to  make  up  the  brick?  Most  of  the  discussions  on  brick 
relate  to  the  finished  product.  It  has  been  the  speaker's  experience  with 
all  other  paving  materials  that,  before  one  could  get  the  best  results  in 
connection  with  these  materials,  it  was  necessary  to  control  the  plant 
inspection.  As  to  bricks,  engineers  simply  inspect  and  test  the  finished 
product,  but  it  would  seem  that  the  inspection  should  cover  the  dif- 
ferent materials  that  go  to  make  up  the  brick,  and  its  manufacture. 

Mr.  Crosby  is  right  in  his  suggestion  that  there  should  be  a  different 
standard  of  requirements  for  bricks,  depending  on  the  traffic  conditions. 

*  Philadelphia,  Pa. 
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M.I,,  It  is  hoped  that  the  Committee  will  coiidvict  soiue  research  work  in 

WW.  :  connection  with  the  actual  maniifacture  of  paving'  brick,  because^  in. 

order  to  get  a  satisfactory  brick  pavement  without  the  iiresent  variation 

in  individual  bricks,  it  is  necessary  to  have:  more  scientific  control,  from 

the  standpoint  of  the  engineer,  over  the  manufacture  of  the  brick. 

At  present,  engineers  are  carrying  on  plant  inspection  on  bituminous 
and  other  materials  for  paving  purposes,  but  are  not  conducting  that 
kind  of  an  inspection  relative  to  brick.  If  more  research  work  was 
done  by  engineers,  in  conjunction  with  the  manufacturers,  relative  to 
the  materials  which  make  up  the  brick  itself,  there  would  be  more 
advance  in  connection  with  the  ultimate  object  that  all  have  in  view, 
that  is,  to  procure  a  uniform  brick.  It  is  hoped  that  this  f>hase  of  the 
subject  will  be  taken  up  very  seriously  by  the  Committee. 

Mr.  William   W.   C.   Perkins,*  M.   Am.   Soo.   C.   E.— When   the  final 

'  report  of  this  Committee  is  published,  it  is  possible  that  it  may  be 
made  the  framework  for  specifications,  and,  therefore,  the  speaker 
would  suggest  that  the  Committee  consider  in  detail  the  methods  of 
construction,  as  well  as  the  materials,  which  will  aid  in  making 
good  brick  or  other  ty]3es  of  pavements,  or  in  obtaining  a  durable 
crust  or  wearing  surface  for  them. 

The  speaker  does  not  know  exactly  the  scope  of  the  Committee, 
!)ut  thinks  it  is  only  to  report  on  the  wearing  surface  of  the  pave- 
ments, although  he  firmly  believes  that  a  great  deal  depends  on 
the  proper  preparation  and  drainage  of  the  sub-grade,  and  also  on 
the  proper  preparation  of  the  foundation  for  the  wearing  surface. 
If  the  scope  of  the  Committee  includes  these  features,  it  would  be 
well  to  consider  them  in  the  report. 

The  first  clause  under  "Brick  and  Slag  Block  Pavements"  (page 
2723t),  states  that  "toughness,  resistance  to  wear  from  shock  or 
abrasion,  and  non-absorption  are  essential  qualities",  for  a  paving 
brick.  If  the  Committee  wishes  to  consider  absorption,  the  speaker 
would  suggest  that  the  term  "very  small  absorption"  be  used,  because 
it  would  not  be  practical,  in  fact  it  would  be  impossible,  to  make  a 
brick  non-absorbent. 

Five  or  six  years  ago  the  manufacturers  claimed  that  they  could 
lijOt  make  a  standard-sized  paving  brick,  although  the  American 
Society  of  Municipal  Engineers  endeavored  at  that  time  to  establish 
a ,  standard.  Since  then,  it  has  been  proved  that  such  a  paving  brick 
Qan  be  made;  and  the  speaker  would  suggest  that  the  Committee 
recommend  the  manufacture  of  a  paving  brick  of  standard  size,  which. 
is  8^  in.  Ipng  and  3^  in.  wide,  with  slight  variations.  In  regard  to 
tlje,  depth,   the  present   standard  is  4  in.,  but  the  reduction   of  this 

*  Oonneaut,  Ohio. 
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diniensiou,  from  4  to   3^   in.,  or  even  to  3  in.,  for  certain  types  of     Mr. 
construction,  is  being  asked  for  by  many  engineers. 

The  standard  size,  8^  in.  long  and  3^  in.  wide,  lays  up  40  to  the 
yard,  and  enables  any  municipality  to  repair  a  brick  pavement  with 
the  bricks  of  any  manufacturer. 

The  standard  depth,  4  in.,  should  not  be  reduced  to  less  than  3  in.; 
but  this  change  of  depth  is  in  an  experimental  stage.  The  speaker 
would  not  lay  3^  or  3-in.  bricks  on  a  plain  sand  cushion.  He  would 
lay  them  on  cement-sand,  or  directly  in  the  concrete. 

The  speaker  is  glad  to  note  that  the  Committee  has  endorsed 
the  cement  filler.  It  is  not  claimed  that  it  is  absolutely  perfect. 
There  is  room  for  improvement,  but,  at  present,  such  a  filler 
is  the  best  that  can  be  used,  as  it  makes  the  pavement  practically 
monolithic,  water-proof,  smooth,  and  sanitary,  and  protects  the  edges 
of  the  brick  from  abrasion  by  the  traffic. 

Mr.  Connell  mentions  a  filler  which  has  been  developed  during 
the  past  year.  The  speaker  has  seen  several  streets  on  which  it  has 
been  used,  and  thinks  that  good  results  may  be  obtained  with  it. 
The  difficulty  is  in  the  application.  In  the  first  plac<%  it  has  been 
difficult  to  heat  the  sand  to  the  proper  temperature,  and  get  it,  mixed 
with  the  tar  or  asphalt.  It  is  believed  that  machines  are  being  made 
for  the  purpose  of  overcoming  that  trouble. 

The  Committee  states  that  "uniformity  in  the  cement  grout  and 
special  skill  and  care  in  its  application  are  essential  to  success". 
Special  skill  and  care  in  application  have  been  essential  in  the 
past,  but  a  great  many  failures  in  cement-grouted  brick  pavements 
have  been  due,  not  particularly  to  the  application,  but  to  the  choice 
of  the  materials  used,  that  is,  the  sand,  the  cement,  and  the  water. 
A  graded  sand  should  be  specified  for  the  grout.  The  quantity  of 
water  used  in  mixing  the  grout  should  be  regulated,  for,  as  a  rule, 
too  much  is  applied.  The  cement  and  sand  should  be  thoroughly 
mixed  dry,  and  the  water  should  be  added  in  stnall  quantities,  until 
the  right  consistency  is  obtained.  The  right  consistency  is  a  prob- 
lem; the  old  specifications  state  that  the  grout  should  be  of  the 
consistency  of  thin  cream ;  but,  as  one  engineer  has  said : 

"If  it  is  true  that  the  right  consistency  of  grout  is  to  be  like  thin 
cream,  why  not  specify  that  our  coarse  aggregate  in  the  coiici-ete 
should  be  of  the  size  of  small  green  apples." 

The  speaker  understands  that  an  attempt  is  being  made  to  deter- 
mine the  right  consistency  by  finding  the  normal  consistency  of  the 
cement  and  sand,  but,  in  any  case,  the  water  should  be  regulated 
so  that  the  grout  will  flow  into  the  spaces  between  the  bricks,  and 
not  be  so  thin  that  the  cement  will  separate  from  the  sand. 

In  regard  to  the  application,  if  the  sand  and  cement  are  thoroughly 
mixed   dry.   and  then  the  water   is   added   uniformlv,   the  method   of 
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Mr.      application  is  not  so  difficult  as  it  has  been  made  to  appear  in  the 
Perkins,  , 

past. 

The  speaker  believes  in  using  a  small,  properly  equipped  concrete 
mixer  in  putting  on  the  first  grout,  as  it  produces  a  more  intimate 
mixture  of  the  cement  and  sand  than  can  be  obtained  by  mixing  in 
a  box. 

In  regard  to  the  shape  of  the  brick,  the  Committee  suggests  that 
^^such  form  of  the  individual  brick  or  block  is  desirable  as  will  auto- 
matically provide  sufficient,  but  not  too  wide,  joints,  and  as  will  insure 
uniformity  in  their  width,  even  when  they  are  laid  rapidly  and  with 
ordinary  care". 

The  speaker  agrees  with  the  Committee  thoroughly.  There  is 
no  doubt  that  the  bond  in  a  cement-grouted  brick  pavement  is  of 
the  utmost  importance.  The  joints  should  be  absolutely  uniform. 
The  lugs  or  projections  also  should  be  uniform,  and  it  is  hoped  that 
the  Committee  will  investigate  and  report  against  the  use  of  a  bar- 
lug,  that  is,  a  lug  extending  entirely  across  the  brick,  and  also  against 
the  use  of  raised  letters  on  the  side  of  the  brick.  The  bar-lug  has 
a  tendency  to  pocket  the  cement  grout;  and  the  raised  letters  will 
bridge  the  grout  in  the  joint,  thus,  in  each  case,  giving  a  weak  bond. 
Absolute  uniformity  of  the  lugs  or  projections  is  essential  to  obtain  a 
strong  bond. 

The  speaker  also  thinks  that  the  Committee  should  specify  a 
brick  with  square  edges,  and  not  allow  rounded  edges.  A  square- 
edged  brick  can  be  made  by  all  manufacturers,  and  there  is  no 
advantage  in  using  one  with  rounded  edges.  The  latter  unquestion- 
ably reduces  the  bond  from  4  to  approximately  3i  in.,  and  the 
cement  grout  will  chip  out  under  traffic  and,  eventually,  the  rounded 
edge  will  cobble,  and  the  pavement  become  rough. 

The  question  of  the  sand  cushion  has  been  thoroughly  discussed 
in  the  technical  papers.  The  speaker  never  could  see  the  sense  of 
using  a  yielding  substance  like  sand  between  the  brick  wearing 
surface  and  the  concrete.  It  cannot  be  controlled,  and  it  varies  in 
density  and  in  thickness.  Nor  could  he  ever  see  the  reason  for 
specifying  2  in.,  and  notes  that  the  Committee  has  advised  a  reduc- 
tion to  1  in.  The  contractors  surely  can  bring  the  foundation  to 
grade  and  contour  so  that  it  will  not  vary  more  than  i  in.,  and  the 
bricks  should  not  vary  more  than  |  in.  in  depth,  so  that  there  is 
plenty  of  leeway  in  using  a  1-in.  sand  cushion. 

However,  it  is  hoped  that  the  Committee,  in  its  next  report,  will 
go  further  than  this,  and  advise  the  entire  elimination  of  the  sand 
cushion  and  substitute  for  it  a  cement-sand  bed  of  such  proportions 
as  it  thinks  advisable,  whether  1:3,  1:4,  or  1:5.  This  can  be  laid 
dry,  like  the  old  cushion;  then  the  bricks  should  be  laid  on  it,  rolled, 
and   well    wet    down   before    grouting.      This    will    cause    the    cement 
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bed  to  set,  and  make,  not  theoretically,  but  practically,  a  monolithic     Mr. 
structure ;    or    possibly   the    Committee   may   go    further,    and   advise  ^^'■^'"^■ 
laying  the  bricks  directly  on  the  green  concrete,  as  is  being  done  in 
Illinois  and  several  other  places.     This   is   thoroughly   practical,  and 
would  lessen  the  cost  of  pavements. 

In  regard  to  cement-sand  beds,  the  speaker  vs'ould  refer  the  Com- 
mittee to  places  where  they  have  been  used  during  the  past  year:  the 
City  of  Baltimore,  where  all  brick  pavements  constructed  during  1915 
have  been  laid  on  a  cement-sand  bed,  1  in.  thick,  composed  of  1 :  5 
cement  and  sand;  Cuyahoga  County,  Ohio,  in  which  Cleveland  is 
situated,  has  laid  more  than  50  000  sq.  yd.  of  this  form  of  construction 
on  its  highways;  the  inclined  approaches  to  the  Pennsylvania  Rail- 
road Terminal  in  New  York  City  were  laid  in  1910  with  2^  in. 
brick  on  a  1:3  cement-sand  bed,  and  the  good  results  obtained  can 
be  seen  by  inspection. 

It  is  noted  that  the  Committee  also  mentions  bituminous  beds  or 
cushions.  The  speaker  is  not  familiar  with  this  type,  and  would  like 
to  know  the  results  obtained  by  the  use  of  such  materials.  If  a 
cement-sand  cushion  is  used,  or  if  the  bricks  are  laid  directly  on 
the  concrete,  engineers  can  design  a  pavement  more  economically. 
If  it  is  possible  to  obtain  a  monolithic  slab  by  joining  the  brick 
wearing  surface  with  the  concrete  foundation,  why  use  a  4-in.  brick 
for  the  wearing  surface  ? 

The  great  expense  of  brick  is  due  to  the  freight.  Standard  bricks, 
8i  by  3i  by  4  in.  in  depth,  weigh  5  tons  per  1  000,  and  the  freight 
to  New  York  is  about  $15  or  $16  per  1  000 ;  so  that,  if  the  depth  of 
the  brick  can  be  reduced,  it  will  reduce  the  freight  charges.  A 
brick  pavement  is  never  worn  out  by  the  actual  wearing  down  of  the 
surface;  therefore,  as  stated  before,  engineers  are  considering  a 
brick  3  in.  in  depth  for  monolithic  or  semi-monolithic  construction. 

In  regard  to  the  test  specified  on  page  2743,*  the  speaker  would 
suggest  to  the  Committee  to  consider,  as  it  probably  has,  the  report 
of  Committee  C-3  of  the  American  Society  for  Testing  Materials, 
in  regard  to  tests  for  brick.  This  report  was  adopted  by  that  Society 
at  the  Atlantic  City  meeting  in  1915,  after  extensive  investigations 
by  its  Committee. 

On  page  2743*,  it  is  stated: 

"Each  brick  should  be  marked  by  small  holes  drilled  in  one  of 
the  faces  of  the  brick,  and  the  initial  weight  of  each  brick  *  *  * 
should  be  determined." 

The  speaker  would  not  advise  the  testing  of  the  individual  bricks. 
He  cannot  see  any  material  advantage  which  would  compensate  for 
the  trouble  and  expense  of  making  this  test.  Samples  are  selected 
uniformly,  and,  inider  ordinary  circumstances,  there  would  be  no  wide 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915. 
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Mr.  variation  in  the  test,  unless  a  brick  breaks  or  a  corner  is  knocked 
er  ins.  ^g  during  the  test.  The  engineer  should  make  tests  of  the  different 
varieties  of  brick.  The  samples  for  testing  should  include  ten  of 
the  light,  ten  of  the  dark,  and  ten  of  the  medium  colored  bricks. 

The  speaker  has  been  asked:  Why  does  the  Western  Brick  Asso- 
ciation recommend  the  use  of  bituminous  fillers?  He  does  not  know 
its  reasons,  but  possibly  they  may  include  the  following: 

West  of  the  Mississippi  the  majority  of  the  bricks  laid  are  what 
are  called  vertical  fire  bricks,  in  which  the  lugs  or  projections  are 
made  as  they  come  out  of  the  die.  These  lugs  are  about  1  in.  wide, 
extending  across  the  brick,  three  to  each  brick,  so  that  3  in.  of  the 
8  in.  of  the  brick  are  taken  up  with  lugs.  When  these  bricks  are 
laid  side  by  side,  the  wide  lugs  prevent  the  proper  penetration  of  a 
cement  binding  grout,  and  the  result  is  a  very  poor  bond.  A  bitu- 
minous filler  does  not  make  a  monolithic  pavement  and.  therefore, 
there  is  no  attempt  to  bond  the  brick  thoroughly. 

A  report  on  the  chemical  composition  of  brick,  by  Professor  R.  T. 
Stull,  of  the  Ceramic  Department  of  the  University  of  Illinois,  will 
be  forwarded  to  the  Committee  by  the  speaker. 

Ceramic  engineers  and  manufacturers  state  that  it  is  not  possible 
to  know  what  kind  of  brick  can  be  obtained  from  shale,  unless  it  has 
been  tested  by  burning.  The  shale  may  be  examined,  both  chemically 
and  physically,  and  the  statement  may  be  made  that  it  will  or  will 
not  make  a  good  brick,  but  the  only  way  this  can  be  determined  abso- 
lutely is  to  burn  it  and  then  test  it. 

The  speaker  can  express  no  opinion  regarding  the  relative  value 
of  the  rattler  test  as  compared  with  tests  of  bricks  by  their  color. 
The  rattler  test,  like  the  cement-grout  filler,  has  its  failings,  but  it 
is  the  best  we  have  at  the  present  time.  Mr.  Schuyler,  in  charge 
of  tests  for  the  City  of  St.  Louis,  is  working  out  a  test  by  using 
the  sand  blast,  to  which  the  Committee  might  give  some  attention. 

Brick  manufacturers  welcome  plant  inspection.  Variations  in 
brick,  as  to  color  and  quality,  are  not  always  caused  by  the  material, 
but  by  the  burning,  and,  during  the  last  4  or  5  years,  manufacturers 
have  been  devoting  more  attention  to  this  feature,  so  that  the  ]iroduct 
is  now  more  uniform. 

^j.  J.  E.  Myers,*  Esq. — The  speaker  would  suggest  to  the  Committee 

Myers,  ^hat  provision  be  made  in  the  brick  tests  for  drying  the  bricks  before 

they  are  placed  in  the  rattler.     Bricks  which  have  been  dried  retain 

large  dust  accumulations,  and  this  affects  the  test.     It  is  found  that 

the  absorption  test  usually  checks  the  rattler  test.     Mr.  Perkins  has 

suggested  running  tests  on  the  light,  dark,  and  medium  burned  bricks. 

Mr.  Green,  in  his  reference  to  absorption,  evidently  overlooked  the 

*  Albany,    N.   Y. 
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fact  that  the  absorption  test  is  usually  made  on  bricks  after  thev  are     Mr. 
abraded.  **"""■ 

H.  B.  Drowne,*  Assoc.  M.  Am.  Soc.  C.  E. — The  majority  of  speci-  Mr. 
fications  for  vitrified  paving  brick  stipulate  that  the  quality  of  the  "'■"^"<' 
brick  shall  be  determined  by  the  rattler  test,  the  average  loss  of  the 
bricks  in  the  charge  being  taken  as  the  criterion  of  the  test.  If 
the  individual  loss  on  each  brick  is  recorded,  it  will  be  found  that 
the  loss  on  some  of  the  bricks  in  the  charge  may  vary  widely  from 
the  average.  The  speaker  has  tested  brick  which  would  pass  specifi- 
cations based  on  the  average  loss,  but  would  have  to  be  rejected  if 
based  on  the  individual  loss.  There  are  relatively  few  specifications 
which  require  the  acceptance  of  the  brick  to  be  based  on  the  individual 
rather  than  on  the  average  loss.  Before  a  specification  incorporating 
the  individual  loss  feature  is  generally  adopted,  the  speaker  believes 
that  the  brick  manufacturers  should  be  consulted  in  order  to  ascertain 
whether  it  would  be  practicable  for  them  to  supply  the  present  demand 
for  brick  under  both  types  of  specifications  without  unduly  raising 
the  price. 

W.  W.  OKosBY,f  M.  Am.  Soc.  C.  E. — In  reply  to  Mr.  Drowne,  the  Mr. 
speaker  may  state  that,  in  Maryland,  considerable  experience  has  been  *'''"''^'^'' 
acquired  in  making  the  individual  record  in  the  test  for  paving  brick. 
The  specifications  there  were  drawn  regarding  an  average  loss,  and. 
for  any  brick,  not  permitting  more  than  a  certain  variation  from  the 
average.  A  number  of  lots  of  brick  were  rejected,  and,  as  a  large 
quantity  of  brickwork  was  contemplated,  some  of  the  manufacturers 
thought  it  worth  while  to  take  up  the  question  with  the  speaker.  The 
manufacturers  wished  to  have  the  clause  waived,  and  brick  admitted 
on  the  average  result  of  the  tests,  regardless  of  the  variation  of 
individual  bricks.  They  were  informed  that  that  was  then  impossible, 
as  the  specifications  had  been  established.  Finally,  they  agreed  that, 
in  taking  the  bricks  out  of  the  kiln,  it  was  entirely  possible  to  select 
them  in  such  a  way  that  the  variation  in  the  individual  bricks  would 
be  reduced  to  a  minimum,  and  that,  by  another  way  of  selecting 
them,  the  variation  would  be  a  maximum.  They  agreed  that  for  the 
Maryland  work  they  would  make  their  selection  in  a  way  which  would 
produce  the  result  specified  in  the  contract. 

Thereafter,  there  were  remarkably  few — in  fact,  scarcely  any — 
rejections  of  lots  of  brick  because  of  the  individual  variation  from 
the  average  required.  That,  to  the  speaker's  mind,  proved  the 
possibilities  of  the  situation ;  and  he  firmly  believes  that  the 
uniformity  of  the  pavements  secured  was  higher  than  would  other- 
wise have  been  the  case.  The  pavements  are  now  from  4  to  8  years 
old.    Experience  with  them  has  proved  the  assumptions. 

*  New  York  City. 
■!■  Baltimorp.   Md. 
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Mr.  Naturally,   if   a   high   average  standard  were  to   be  required,  and, 

at  the  same  time,  a  low  variation  in  individual  bricks  permitted,  an 
increase  in  price  might  result;  but,  under  different  conditions,  varia- 
tions might  be  permitted  in  the  standard;  that  is,  an  average  loss 
higher  than  would  otherwise  be  permissible  could  be  admitted,  pro- 
vided the  variation  were  within  limits,  under  light  traffic.  Uniform 
wear,  even  though  rapid,  is  not  as  undesirable  as  ununiform  wear, 
though  less  rapid.  The  deterioration  of  brick  pavements  usually  seems 
to  begin  in  spots,  from  the  failure  of  individual  bricks,  and  those 
spots,  having  deteriorated  to  a  certain  extent,  rapidly  enlarge,  and 
the  surface  of  the  pavement  becomes  objectionably  uneven. 

If  the  pavement  should  wear  down  evenly,  even  though  more  rapidly, 
the  unsatisfactory  condition  of  the  surface  would  not  be  apparent 
nearly  as  soon.  If  this  variation  of  the  standard  is  adopted,  the  high 
standard  being  required  for  the  severe  traffic  and  a  lower  standard 
being  allowed  for  less  severe  traffic,  it  would  seem  to  the  speaker  that 
the  problem  of  price  would  take  care  of  itself.  The  manufacturer, 
having  selected  his  brick  so  as  to  produce  different  grades  of  reasonable 
vmiformity,  would  be  able  to  dispose  of  his  product  without  necessarily 
making  any  increase  in  price,  especially  as  manufacturers  state  that 
such  a  selection  is  entirely  practicable,  although  it  had  not  been  cus- 
tomary up  to  that  time. 


STONE  BLOCK  PAVEMENTS. 

Mr.  P.  E.  Green,*  M.  Am.  Soc.  C.  E.  (by  letter).!— -It  is  believed  by  the 

writer  that  the  Committee  makes  a  further  mistake  when  it  says,  under 
the  heading  "Stone  Block  Pavements" : 

"A  bituminous  filler  may  be  preferred  to  a  cement  grout  filler  on 
account  of  the  lower  cost  of  street-opening  repairs,  the  better  foothold 
provided  for  horses,  and  the  securing  of  a  more  resilient  and,  hence, 
less  noisy  pavement." 

The  last  two  reasons  in  this  sentence  are  faulty,  that  is,  the  better 
foothold  provided  for  horses  and  the  securing  of  a  more  resilient  and, 
hence,  less  noisy  pavement.  On  all  ordinary  streets  and  grades,  the 
better  foothold  provided  for  horses,  if  a  bituminous  filler  is  used,  is 
more  than  offset  by  the  very  much  larger  traffic  effort  required  to  move 
the  load,  and  it  is  only  on  very  steep  grades  that  such  a  reason  could 
hold.  On  these  very  steep  grades,  by  the  use  of  a  special  construction, 
a  cement  grout  filler  may  easily  be  secured,  with  its  accompanying 
advantages.  Furthermore,  a  properly  applied  cement  grout  filler  makes 
a  pavement  much  less  noisy  than  a  bituminous  filler.  A  noisy  pave- 
ment is  but  little  the .  result  of  the  character  of  the  filler  itself,  but  is 

•  Chicago,  III. 

t  Received  by   the  Secretary,   January   3d,   1916. 
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due.  to  the  fact  that  if  the  edg-es  of  the  brick  or  block  are  broken  down,  Mr. 
a  series  of  wide,  rough  joints  are  thus  formed,  and  it  is  the  bumping  '^^^' 
and  battering  over  these  joints  that  causes  th^  noise.  Such  a  condition 
is  inevitable  with  a  bituminous  tilled  brick  or  stone  block  pavement, 
and  is  just  as  absolutely  eradicated  by  the  use  of  a  cement  grout  filler 
properly  applied.  With  age,  a  cement  grout  filled  pavement  becomes 
smoother  and  quieter,  and  the  contrary  is  true  of  a  bituminous  pave- 
ment. Most  of  the  troubles  of  cement  filled  pavements  have  been 
caused  by  improper  construction. 

It  is  believed  that  there  are  not  many  engineers,  who  have  thor- 
oughly investigated  the  question  and  have  utilized  both  bituminous 
fillers  and  cement  grout  fillers  for  brick  and  stone  block  pavements, 
who  would  not  prefer  the  cement  grouted  product. 

Philip  P.  Sharples,*  Esq.  (by  letter).! — Mastic  filler  was  intro-  Mr. 
duced  into  New  York  after  a  number  of  the  New  York  officials  had 
returned  from  the  London  International  Congress  of  Roads.  The  idea 
was  obtained  from  the  work  done  by  Mr.  John  Brodie,  in  Liverpool. 
Some  of  the  comments  made  by  Mr.  Thomes  in  regard  to  the  use  of 
the  mastic  in  New  York  would  seem  to  show  that  difficulties  had  arisen 
that  had  seemingly  already  been  overcome  by  Mr.  Brodie.  The  diffi- 
culty that  Mr.  Thomes  has  stated  as  existing  in  the  New  York  work, 
of  the  sand  settling  in  the  pitch,  is  due  to  two  reasons:  The  sand 
used  in  New  York  is  too  coarse,  and  the  methods  of  mixing  are  rather 
crude. 

Mr.  Thomes  points  out  that  the  pouring  pots  have  not  been  of  the 
proper  kind,  and  much  better  results  can  be  obtained  if  their  nozzles 
reach  to  the  bottom  of  the  cans  so  that  no  pocket  is  formed  to  catch 
the  sand. 

Experiments  in  Cleveland  have  shown  that  it  is  possible  to  use  a 
much  finer  sand  with  very  much  better  results,  and  to  use  some  form 
of  apparatus  to  mix  the  sand  and  the  pitch  together.  It  has  also  been 
found  that  certain  precautions  in  regard  to  temperatures  are  necessary 
in  order  to  have  the  work  go  on  easily.  The  sand  should  be  heated  to  at 
least  300°  Fahr.,  and  should  be  of  a  slightly  higher  temperature  than 
the  pitch.  This  makes  the  sand  mix  more  easily  and  also  seems  to 
keep  it  from  settling  too  quickly. 

When  mixing  machines  (3  to  4-ft.  batch  mixers)  have  been  used,  a 
modification  of  the  methods  of  using  the  mastic  has  been  found 
desirable.  Instead  of  pouring  cans,  small,  steel  buckets  mounted  on 
wheels  have  been  used  to  transfer  the  mastic  from  the  mixer  to  the 
point  where  it  is  to  be  used.  The  whole  load  is  then  durtiped  at  once  on 
the  paving  and  distributed  with  squeegees.  Before  the  mastic  has 
cooled,  another  load  is  dumped  approximately  where  the  first  one  was 

*  Gen.  Mgr.,   Tarvia  Dept.,   Barrett  Mfg.  Co.,   New  York  City. 
t  Received  by  the  Secretary,  April   10th,   1916. 


1168      DISCUSSION   ON   MATERIALS  FOR  ROAD  CONSTRUCTION      I  f  ape  is. 

Ml.  placed.  This  is  again  pushed  forward  with  squeegees,  and  the  next 
load  is  dumped  over  the  part  last  squeegeed.  In  this  way  it  is  possible 
to  fill  every  joint  thoroughly,  even  in  cold  November  weather.  Por- 
tions of  a  pavement  in  Cleveland  laid  in  November  were  dug  up  within 
a  week,  and  every  joint  was  found  perfectly  filled.  In  the  Cleveland 
work,  an  asphalt  sand  was  used.  It  was  brought  directly  from  the 
heater  in  an  asphalt  plant,  so  that  there  was  no  difficulty  in  regard  to 
heating  it.  It  would  seem  that  the  same  method  might  be  adopted  in 
the  New  York  work  to  advantage. 

In  city  work  the  advantages  of  the  mastic  filler  over  a  grout  filler 
are  obvious.  The  bituminous  filler  produces  a  much  less  noisy  pave- 
tnentT— one  that  can  be  opened  to  traffic  as  soon  as  finished — and  one  that 
can  be  opened  for  the  repair  of  service  mains  without  any  great  difiiculty. 
The  blocks  taken  out  in  making  the  openings  can  be  replaced  again,  as 
■fr,:!,  ,  they  may  be  removed  without  breaking  them.  This  is  a  very  distinct 
advantage  in  city  work,  as  figures  obtained  show  that  the  cost  of 
making  openings  in  a  grouted  pavement  is  excessively  high,  and  also 
the  cost  of  replacing,  as  it  is  necessary  to  use  a  large  number  of  new 
blocks.  Some  of  the  criticisms  of  a  bituminous  filler  do  not  apply  to 
the  new,  closely  dressed  blocks  now  in  use  in  New  York.  Pavements 
with  these  new  blocks  and  bituminous  filler,  which  have  been  in  for  2 
years,  show  no  tendency  to  turtleback,  because  the  edges  protect  each 
other  owing  to  the  closeness  of  the  blocks. 

Mastic  filler  has  also  been  tried  in  brickwork,  and  has  been  found  to 
give  exceedingly  good  results.  Enough  time  has  not  yet  elapsed  to 
show  definitely  the  wearing  qualities  of  a  brick  street  built  with  mastic 
grout  in  comparison  with  cement  grout,  but  it  is  certainly  true  that 
the  brick  are  well  protected  on  the  edges,  and,  at  the  same  time,  a  foot- 
hold for  horses  is  secured,  which  is  of  the  utmost  importance  on  grades. 
A  section  treated  on  the  Worcester  Pike,  outside  of  Cleveland,  has 
gone  through  two  winters  and  has  given  excellent  satisfaction.  Cer- 
tainly, a  grouted  brick  on  the  same  grade  would  have  been  exceedingly 
slippery.  The  same  is  true  in  regard  to  grouted  stone  block  on  a  grade. 
The  instance  cited  of  State  Street,  Albany,  as  a  good  grouted  block 
street,  would  seem  to  show  the  necessity  of  a  bituminous  grout  there. 
The  grade  is  considerable,  and  horses  find  it  very  difiicult,  even  in  dry 
weather;  with  a  bituminous  mastic  filler,  they  would  have  no  difficulty. 
Mr.  K.   H.   Talbot,*   Jun.   Am.   Soc.   C.   E. — The  speaker   agrees  with 

Taihot.  -^^  Creen  as  to  the  wearing  qualities  of  stone  block  with  cement 
grout  filler.  The  v?orst  feature  of  blocks,  either  of  trap  rock  or  sand- 
stone, with  soft  or  sand  filler,  is  the  tendency  to  cobble  under  traffic, 
thus  becoming  noisy,  and  slippery  in  wet  weather,  so  that  any  ad- 
vantages which  may  be  claimed  for  the  joint  between  the  blocks  as  a 
foothold  for  horses  is  nullified.     The  City  of  Pittsburgh  has  used  the 

♦  Pittsburgh,  Pa.  ,  .,    >.,(,j.  ; j,  hs/.;  . 


I'apers.J      Disci  88JON    ON    MATEKIALS    FOK    HOM)   CONSTUUCTION      1169 

bitvuninous  tiller  with  a  heavy  gravel  bed  on  top  of  a  concrete  founda-  Mr. 
tion.  The  result  is  that  the  cobbling  of  the  blocks  results  in  noisy  *  "  " 
streets  which  are  difficult  to  maintain  and  to  clean,  and,  as  they  are 
always  cut  up  more  or  less  by  street-car,  water,  sewer,  and  other  repairs, 
they  are  not  restored  in  good  order.  Certainly,  the  use  of  a  cement 
sand  cushion  or  a  cement  mortar  bed  in  which  the  blocks  are  laid, 
would  prove  a  great  advance  in  the  construction  of  stone  block  pave- 
ment. Probably  one  of  the  most  interesting  pieces  of  work  which  has 
come  to  the  speaker's  knowledge  is  the  State  Street  hill  in  Albany, 
N.  Y.,  which  was  paved  in  1914  with  stone  blocks.  This  job  was  evi- 
dently very  carefully  grouted,  as  the  grout  remained  on  the  surface, 
without  wearing  down  to  the  blocks,  in  many  places  for  a  year  and  a 
halfi  This  street,  being  on  a  12%  grade,  is  subjected  to  extremely 
heavy  traffic  and  the  grinding  of  steel  tires  going  down  hill  under  the 
control  of  brakes.  Of  course,  greater  care  will  be  necessary  in  the 
selection  of  blocks  if  a  comparatively  thin  mortar  bed  is  used  and  the 
joints  are  built  with  cement  grout.  However,  the  speaker  is  con- 
vinced that  additional  care  and  expense  are  entirely  justified  by  the 
results  obtained,  and  would  suggest  that  the  Committee  make  reference 
to  the  allowable  variation  in  the  size  of  blocks. 

H.  S.  Mattimore,*  Assoc.  M.  Am.  See.  C.  E. — The  Committee's  Mr. 
specifications  require  a  crushing  strength  of  from  16  000  to  20  000  lb. 
per  sq.  in.  With  ordinary  granite  and  sand  block  pavements,  this  is 
not  necessary.  The  speaker  has  some  figures  for  granite  showing  a 
compressive  strength  of  more  than  35  000  lb.  per  sq.  in.  He  believes 
that  the  Deval  test  would  be  beneficial. 

Kegarding  the  methods  of  construction,  it  is  essential  in  block 
paving  (not  stone  block  alone)  to  specify  a  method  of  laying  the  blocks 
which  will  give  them  uniform  wear. 

Prevost  HuBBARD,t  Assoc.  Am.  Soc.  C.  E. — The  speaker  desires  to  ,^  Mr. 

.  .  ,      Hubbard. 

say  a  word  m  support  of  Mr.  Mattimore  s  recommendations  that  the 
hardness  test  be  used  in  connection  with  stone  blocks.  It  is  a  more 
rational  test  than  the  determination  of  the  percentage  of  wear,  inas- 
much as  it  more  nearly  duplicates  traffic  conditions.  A  minimum 
hardness  of  16,  instead  of  the  minimum  percentage  of  wear,  of  4J, 
would  be  better. 

J.  W.  Howard,:}:  Esq. — On  page  2726§  there  occurs  the  expression,     Mr. 
''medium  or  fine-grained  granite".     This  should  read  "uniform-grained 
granite  free  from  laminations".     The  speaker  has  been  making  tests 
of   granite   for   several   cities.      Granite   block   has   excellent   wearing 
qualities,  low  water  absorption,   and,   with   uniformity  of  grain   and 

*  Albany.   N.  Y. 

7  Washington,  D.  C. 
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Mr.      regularity   of   shape   combined   with   proper   crushing    and   toughness 
tests,  should  be  used  on  many  streets. 

The  paragraph  on  page  2726*  which  reads,  "the  utilization  of 
recut  stone  blocks  has  been  demonstrated  to  be  capable  of  producing 
economical  and  satisfactory  results,  and  should  be  encouraged",  is 
excellent.  One  of  the  best  examples  of  this  use  is  found  at  Schenec- 
tady, N.  Y.,  where  the  old  granite  blocks  on  the  main  street  were 
taken  up,  cut  into  four,  culled,  and,  after  the  street  was  repaved 
with  the  recut  blocks,  there  was  enough  left  over  to  do  50%  more 
area  than  that  which  had  been  taken  up  and  thus  repaved. 

Concrete  was  used  instead  of  the  old  gravel  base;  the  blocks  were 
cut  to  4  by  4  by  6  in.  On  the  concrete  was  placed  a  cushion  of  dry 
mixture  of  one  of  cement  to  three  of  sand.  The  blocks  were  then 
placed  uniformly  and  carefiilly.  Plenty  of  water  was  then  applied, 
which  went  through  and  set  the  cushion  of  sand  and  cement.  Then 
grout  was  applied  twice  and  squeegeed  into  the  joints.  It  is  one  of 
the  most  perfect  pieces  of  grouted  granite  pavement  in  the  United 
States.  It  was  done  by  day  labor,  and  cost  only  $1.50  per  sq.  yd. 
iot  everything  described. 

Many  cities  are  doing  the  same  thing.  Some  of  the  best  granite 
quarries  in  the  United  States  for  making  paving  blocks  are  the  old 
granite  pavements  in  city  streets.  It  is  a  great  economy  in  money, 
first  cost,  and  in  rapidity  of  construction,  to  cut  and  use  these  granite 
blocks  over  again. 
Mr.  H.  W.  DuRHAM,t  M.  Am.  Soc.  C.  E. — In  reference  to  the  grain  in 

ur  am.  ^^^  granite,  the  speaker  agrees  entirely  with  the  modification  in 
accordance  with  Mr.  Howard's  recommendation.  The  expression 
"medium  or  fine-grained"  indicates  more  or  less  a  personal  opinion 
as  to  the  quality  of  what  may  be  a  coarse  grain ;  however,  if  the  recom- 
mendation in  the  first  paragraph  is  followed,  and  the  blocks  are  prop- 
erly dressed,  so  that  they  may  be  laid  with  close  joints,  and  with 
accurate  sides  and  heads — which,  of  course,  will  have  to  be  done  in 
order  to  get  close  joints — the  question  of  whether  the  grain  of  the 
granite  itself  is  coarse,  medium,  or  fine,  is  not  of  much  practical 
importance. 

In  the  Borough  of  Manhattan,  in  the  past,  streets  have  been 
paved  with  granite  from  almost  all  the  quarries  along  the  Atlantic 
Coast,  including  those  of  Cape  Ann,  which  are  sometimes  referred 
to  as  coarse,  and  from  many  of  the  quarries  of  interior  New  England, 
and  from  the  South,  where  the  granite  is  somewhat  finer. 

It  may  be  more  difficult,  with  one  type  or  the  other,  to  make  the 
block,  but,  if  it  complies  with  the  specifications,  the  result  obtained 
can  be  equally  good  in  every  case.  ,,    .,    ^ 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915.  '     "   ' 

t  New  York  City. 


Papers.  I      DISCUSSION   ON   MATERIALS   FOR    ROAT>   rONSTRUCTION     1171 

Spriiifi-  and  Prince  Streets,  in  the  lower  part  of  New  York  City,  Mr. 
are  laid  with  granite  of  somewhat  coarse  grain,  but  they  present  ^"'■^''^"^■ 
to-day  one  of  the  smoothest  surfaces  in  the  city.  Near  them,  Lafayette 
and  Canal  Streets  are  paved  with  granites  from  other  quarries,  equally 
good  work  being  done  on  them,  and  to-day  it  is  hardly  possible  to 
detect  any  difference  in  the  quality  of  the  pavement  which  could  be 
attributed  to  the  material  of  the  blocks.  For  that  reason,  the  speaker 
thinks  that,  unless  some  very  definite  statement  is  made  as  to  the 
quality  of  the  granite  to  be  used,  the  expression,  "medium-grained  and 
uniform"  would  be  better. 

In  reference  to  tests,  the  figures  given  seem  to  be  safe,  and  yet, 
as  far  as  the  speaker  understands,  they  are  not  based  on  any  very 
extensive  tests  of  granite  which  show  any  material  differences,  that  is, 
differences  material  to  the  best  interests  of  the  pavement.  Almost 
any  granite,  from  the  quarries  which  now  produce  paving  blocks,  can 
be  cut  and  laid  so  as  to  secure  a  satisfactory  pavement  under  the  heavy 
wear  of  New  York  City. 

The  introduction  of  a  hardness  test  has  been  recommended,  this 
probably  meaning  a  test  for  abrasion.  The  speaker  has  made  a 
series  of  tests,  but  was  not  able  to  determine  that  any  of  the  various 
blocks  fell  into  the  low,  or  even  medium,  class,  under  the  standard 
tests  of  that  character;  all  were  high,  as  far  as  hardness  was  concerned, 
and  all  were  satisfactory.  For  that  reason,  it  does  not  seem  necessary 
to  introduce  such  a  test  for  granites;  in  fact,  all  those  tested  by  the 
speaker  passed  the  figures  in  the  Committee's  report  for  "percentage 
of  wear,  toughness,  and  crushing  strength",  although,  among  those 
figures,  there  were  very  great  variations.  Granites  having  all  those 
variations  have  been  laid  satisfactorily  in  New  York  City. 

The  speaker  is  not  in  favor  of  using,  on  a  heavy  traffic  street,  granite 
blocks  having  a  crushing  strength  of  less  than  20  000  lb.  per  sq.  in. 
All  the  quarries  which  are  to-day  producing  granite  blocks  in  large 
quantities  for  cities  in  the  vicinity  of  New  York  City  are  furnishing 
blocks,  which,  when  tested,  show  that  percentage  or  a  higher  one,  in 
every  case  that  has  come  to  the  speaker's  attention,  and  he  has  tested 
a  great  many. 

The  point  to  be  brought  out  is  that  the  granite  is  not  a  manufac- 
tured product.  The  material  is  tested  once,  and  it  is  not  necessary 
to  continue  to  test  it  to  see  that  other  blocks  are  of  a  similar  standard, 
as  if  it  were  a  manufactured  article  like  steel.  Consequently,  the 
speaker  has  regarded  tests' as  of  minor  importance  for  a  granite  from 
a  well-established  quarry.  The  figures  adopted  by  the  Committee 
as  a  minimum  standard  are  satisfactory. 

Mr.  Mattimore  has  stated  that  he  has  figures  relating  to  a  granite 
having  a  crushing  strength  of  35  000  lb.  per  sq.  in.,  and  Mr.  Blanchard 
has  called  the  speaker's  attention  to  the  fact  that,  of  the  several  tests 
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Mr,  made  of  blocks  coming  from  quarries  which  might  supply  granite  for 
paving  in  large  quantities,  in  one  case  the  crushing  strength  was  greater 
than  35  000  lb. ;  in  one  case  between  30  000  and  35  000  lb. ;  in  nine 
instances  between  25  000  and  30  000  lb. ;  in  eight  between  20  000  and 
25  000  lb.;  and  in  seven  between  15  000  and  20  000  lb.;  and  though 
the  speaker  made  tests  of  a  greater  number  of  blocks  than  those  for 
which  he  was  able  to  find  records  elsewhere,  he  does  not  consider 
them  sufficient  to  enable  him  to  give  an  opinion  on  the  value  of  the 
hardness  test  as  a  criterion  regarding  slipperiness. 

About  3  years  ago,  there  was  considerable  conmient  on  the  question 
of  granite  blocks,  and,  in  connection  with  the  New  York  City  speci- 
fications, certain  persons  who  were  furnishing  such  blocks  advocated 
minimum  figures  which  seemed  to  be  excessive.  Before  adopting  such 
figures  in  the  specifications,  it  seemed  to  be  only  proper  to  obtain 
some  data  as  a  guide.  An  investigation  was  conducted  by  a  search 
in  the  Library  of  this  Society  and  also  in  Columbia  University,  but 
the  scarcity  of  tests  of  all  kinds  on  granite  blocks  for  paving  purposes 
was  surprising. 

Application  to  the  United  States  Office  of  Public  Roads  also  elicited 
very  little  satisfactory  information.  That  office,  as  a  rule,  does  not 
make  any  tests  of  paving  blocks,  although  the  adoption  of  their 
standard  has  been  urged  for  the  New  York  specifications.  The  speaker, 
therefore,  had  tests  made  of  samples  furnished  by  most  of  the  quar- 
ries which  were  supplying  paving  blocks  for  New  York  City.  In 
addition,  samples  were  prepared  from  blocks  which  had  seen  actual 
service  during  periods  varying  from  2  to  22  years. 

The  crushing  tests  were  made  on  52  cubes,  and  showed  variations 
of  the  character  mentioned  by  Mr.  Blanchard,  although  there  may  have 
been  a  few  that  were  less  than  20  000  lb.  In  every  case  where  a 
sample  was  tested,  the  hardness  was  high,  above  the  medium,  and  in 
the  very  high  classifications  of  the  United  States  Office  of  Public 
Roads.  A  very  exaggerated  scale  had  to  be  adopted  in  order  to  show 
any  variation  at  all  when  plotted  graphically. 

Included  in  those  tests  were  samples  from  Berlin  and  Liverpool, 
and  some  furnished  by  the  quarries  which  supplied  the  Liverpool  blocks, 
and  there  was  one  specimen  of  Swedish  granite.  These  were  also 
in  the  same  classification  as  to  hardness;  they  were  very  uniform 
and  high,  the  Berlin  sample  being  excessively  high,  far  above  any 
from  American  quarries. 

On  the  question  of  abrasion,  as  far  as  could  be  determined  from 
these  tests,  the  speaker  could  not,  by  imposing  maximum  or  minimum 
limits,  get  any  material  variation  between  the  several  granites. 

The  recommendation  for  the  use  of  recut  blocks  is  sound,  because, 
on  a  great  many  streets,  in  all  the  leading  cities,  there  are  large 
qviantities  of  granite  that  can  be  utilized  satisfactorily,  under  certain 
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conditions,  as  has  been  demonstrated  in  Brooklyn  and  in  The  Bronx.  Mr. 
In  the  speaker's  experience  it  has  not  proved  satisfactory  to  do  this 
in  the  Borough  of  Manhattan,  because  of  the  very  inferior  quality 
of  the  old  granite  pavements,  and,  more  than  that,  the  impossibility 
of  doing  it  economically,  as  it  is  impractical  to  dress  the  blocks  on 
the  street  on  account  of  the  traffic.  The  economy  depends  necessarily 
on  having  workshops  in  the  streets,  and  avoiding  long  hauls;  but 
where  the  blocks  can  be  recut,  the  speaker  believes  in  utilizing  old 
stone  pavements. 

The  report  states  that  "sand  should  never  be  used  alone  as  a  joint 
filler".  A  few  lines  above  it  is  stated,  "in  case  of  temporary  paving, 
any  type  of  well-drained,  stable  foundation  may  be  used".  Sand  alone, 
as  a  filler,  is  not  suitable  in  American  cities,  although  satisfactory 
examples  of  such  foundations  can  be  seen  in  some  European  cities, 
under  certain  conditions;  but,  in  cases  of  temporary  paving,  it  is 
frequently  unnecessary  to  go  to  the  expense  of  putting  in  a  permanent 
filler. 

The  question  of  bituminous  cement  grout  can  well  be  left,  as  has 
been  done,  for  future  settlement,  with  reference  to  particular  locali- 
ties; but,  in  regard  to  what  has  been  said  as  to  making  a  smooth 
pavement,  there  are  examples  of  bituminous  filled  pavements  in 
ifanhattan,  and  also  in  some  other  boroughs  of  New  York  City,  which 
are  as  smooth  as  any  cement  grout  that  can  be  laid. 

The  important  feature  is  the  accurate  dressing  of  the  blocks,  so 
that  they  may  be  laid  in  absolute  contact,  and  the  filler  may  fill  the 
irregularities,  which  exist  even  with  the  best  commercial  blocks. 

As  an  example  of  a  commercial  pavement  with  a  bituminous  filler, 
and  on  a  grade,  in  comparison  with  the  pavement  in  Albany  that  has 
been  referred  to,  there  is  on  Broadway,  near  129th  Street,  a  granite 
block  pavement  which  presents  a  very  satisfactory  surface.  The  joints 
are  close,  and  to-day,  after  2  years  of  wear,  it  is  virtually  as  smooth 
and  in  as  good  condition  as  when  first  laid. 

E.  H,  Thomes,*  M.  Am.  See.  C.  E. — Information  may  be  recorded  Mr. 
relative  to  the  general  physical  and  chemical  characteristics  of  stone  °™®'' 
blocks,  and  their  uniformity;  also  any  microscopical  data  as  to  the 
crystalline  structure,  or  other  tests;  whether  the  blocks  wear  smooth 
and  gritty,  or  turtle-back  and  slippery,  the  rate  of  wear,  the  amount 
of  noise,  the  ease  of  cleaning,  etc.  Many  factors  and  conditions 
must  be  considered;  some  may  be  important  and  some  may  not,  but 
unless  proper  consideration  is  given  to  each  in  relation  to  the  others, 
it  will  be  impossible  to  determine  their  relative  weights. 

There  is  considerable  difference  of  opinion  as  to  joint  fillers.  A 
good  grout  filler  is  preferred  in  most  cases,  but  where  there  are 
street  openings,   or  it  is  impossible  to   keep  the  traffic  off,  or  other 

*  Jamaica,  N.  Y. 


Thomes 
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Mr.  conditions  control,  it  may  be  advisable  to  use  a  bitumen  filler.  Under 
some  conditions,  softer  granite  may  give  better  results  than  tiiat 
which  is  harder  or  tougher.  Portland-cement  grout  will  adhere  better 
to  a  softer  granite  and,  if  the  mortar  has  the  same  strength  as  the 
granite,  the  whole  surface  will  wear  more  imiformly.  Under  these 
conditions,  a  pavement  with  wide  joints  may  give  as  good  results 
as  one  with  close  joints.  With  bituminous  joints,  a  hard,  tough, 
granite  with  close  joints  may  be  better,  as  the  filler  in  the  joints 
wears  down,  leaving  the  edges  unsupported. 

It  is  advisable  to  investigate  mixtures  of  sand,  limestone  dust, 
chalk,  cement,  and  other  mineral  matter,  sawdust  or  other  fibrous 
material,  with  asphalt,  tar,  or  other  bituminous  matter,  in  order  to 
make  a  joint  filler  which  will  be  more  durable  and  wear  flush  with 
granite  block  or  other  block  pavements. 

In  Liverpool,  the  bituminous  filler  seemed  to  remain  flush  with 
the  pavement  surface.  In  that  city,  a  truck  load  of  sand  containing 
about  3%  of  chalk  or  limestone  dust  heated  at  a  central  plant,  is 
delivered  to  the  street  in  a  detachable  truck  which  is  backed  up  to 
a  1  000-gal.  truck  of  heated  tar.  About  equal  proportions  of  the  sand 
and  tar  are  fed  by  gravity  into  a  special  mixing  machine  between  the 
two  tanks.  The  mixed  tar  and  sand  is  wheeled  to  the  pavement  in 
cans  similar  to  those  used  by  street  sweepers.  It  is  stirred,  dipped  out 
by  long-handled  ladles,  and  poured  into  the  joints.  The  chalk  and 
sand  seem  to  toughen  the  filler  so  that  it  wears  better,  but  the  quality 
of  the  tar,  the  care  and  methods  used,  the  trafiic,  the  character  of  the 
calks  used  on  horses'  feet,  etc.,  are  also  important  factors. 

In  Vienna,  the  speaker  observed  a  1 000-gal.,  portable  kettle  for 
delivering  hot  sand  and  tar  mixture  from  a  central  plant.  This  kettle 
contained  a  mixer,  somewhat  like  lawn-mower  blades  on  a  horizontal 
shaft,  which  was  geared  to  the  wheels  to  agitate  the  mixture  when 
the  truck  was  moving;  the  shaft  also  had  a  hand-gear  to  agitate  the 
mixture  when  the  vehicle  was  standing. 

Some  improved  method  of  mixing  and  handling  a  bituminous  filler 
mixture  is  needed  in  the  United  States. 

In  New  York  City,  sand  has  been  mixed  with  hot  tar  or  asphalt 
in  small  quantities  on  the  street  and  poured  into  the  joints  from 
small  hand-pouring  pots.  The  additional  trouble  and  labor  has 
increased  the  expense  considerably  above  that  of  the  ordinary  tar  and 
gravel  filler.  A  bituminous  mixture  might  be  prepared  at  a  central 
plant  and  delivered  to  the  street  in  auto  trucks,  from  which  the  filler 
might  be  spread  and  squeegeed  over  the  whole  surface  to  fill  all  the 
joints.  This  must  be  done  in  warm  weather,  otherwise  the  mixture 
would  congeal  too  rapidly  on  the  surface  of  the  blocks  and  not  fill 
the  joints.  The  cost  of  the  surplus  material  over  the  surface  of 
the  blocks  would  be  more  than  compensated  by  the  saving  of  labor. 
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and  if  the  pavement  is  kept  covered  for  a   time  with  sand,  grit,  or      Mr. 
stone  chips,  the  surface  would  wear  better  and  considerably  longer. 

This  matter  of  bituminous  mixtures  for  the  joints  or  beds  of  block 
pavements  is  still  in  an  experimental  stage,  and  it  is  an  open  question 
how  much  expense  the  results  will  warrant. 

K.  A.  MacGregor,*  M.  Am.  See.  C.  E. — For  the  past  year  a  1 :  3     Mr. 
mixture  of  cement  and  sand  has  been  used  in  Manhattan  for  the  bed.  Gregor. 
It  had  been  proved  satisfactorily  that  much  of  the  settlement  of  the 
blocks  was  due  to  the  washing  away  of  the  sand;  in  fact,  there  have 
been  some  very  marked  instances  of  this. 

A  sand  mixture  is  being  used  in  the  bituminous  filler,  which 
usually  contains  as  much  as  30  or  33%  of  sand  by  volume.  However, 
it  has  been  difficvdt  to  keep  the  sand  mixed  with  the  tar,  that  is,  to 
get  a  uniform  mixture  in  the  joints.  The  tar  runs  off,  carrying  the 
finest  sand  with  it,  and  leaving  much  of  the  heavier  sand  in  the  bottom 
of  the  bucket. 

The  remedy  for  that  is  to  make  the  pouring  can  with  the  spout 
going  clear  to  the  bottom.  In  that  way,  the  sand  runs  out  with  the 
tar  from  the  beginning  of  the  operation,  instead  of  the  tar  from  the 
top  of  the  bucket  coming  out  first,  and  leaving  the  sand  in  the  bottom. 
When  the  spout  begins  at  the  bottom  of  the  bucket,  it  is  found  that  the 
mixture  is  more  easily  put  in.  Some  tests  of  the  filler  taken  from  the 
joints  have  shown  a  very  small  quantity  of  sand,  although  the  average 
is  more  than  30  per  cent. 

Mr.  Thomes  has  stated  that,  in  Europe,  a  small  quantity  of  fine 
material,  such  as  chalk,  is  added.  The  speaker  is  inclined  to  believe 
that  some  fine  dust  in  the  mixture  would  be  of  great  advantage.  The 
difficulty  is  to  get  it  incorporated.  It  cannot  be  done  very  well  on  the 
street,  as  a  large  percentage  is  blown  away  by  the  wind.  The  speaker 
tried  it  with  trap  rock  screenings  and  got  a  fairly  good  mixture,  but 
much  of  the  fine  material  was  blown  away. 


WOOD  BLOCK  PAVEMENTS. 

P.  E.  GREEN,t  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  Committee  has  Mr 
dismissed  too  lightly  the  question  of  a  preservative  for  wood  block  '^^^^' 
pavements.  It  is  to  be  hoped  that  in  its  final  report  a  more  thorough 
discussion  of  this  very  important  subject  will  be  found.  A  few  years 
ago  it  was  thought  that  the  use  of  a  light  oil  had  solved  the  problem 
of  a  preservative.  The  writer  has  found,  however,  that  light  oil,  though 
it  is  a  better  preservative,  has  some  very  disadvantageous  features — 
notably  its  tendency  to  evaporate — and  he  would  welcome  another 
discussion  and  investigation  of  this  subject. 

*  New  York  City. 

t  Chicago,  111. 

t  Received  by  the  Secretary,  January  3d,  1916. 
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Mr.  He  is  in  full  agreement  with  the  Committee  when  it  says  that  nu 

■  necessity  exists,  in  the  case  of  a  wood  block  pavement,  for  a  resilient 
cushion  under  the  blocks,  and  he  believes  that  this  statement  should 
be  very  strongly  emphasized  and  brought  out. 

The  writer  sometimes  doubts  the  wisdom  of  any  committee  or 
association  making  definite  recommendations  as  to  the  details  of  engi- 
neering construction  which  are  not  based  on  mathematical  or  scientific 
data,  because  the  local  situation  requires  such  a  great  variation  in 
such  matters.  Thus,  in  paving  matters,  the  width  of  roadway,  char- 
acter of  trafiic,  climate,  grade,  materials  at  hand,  etc.,  etc.,  all  should 
influence  the  selection  of  the  material  and  the  details  of  construction. 
Too  often,  if  a  body  like  the  American  Society  of  Civil  Engineers 
makes  a  recommendation,  it  is  blindly  followed  by  some  inexperienced 
engineer,  to  his  later  regret.  Although  this  is  recognized  by  this 
Committee,  the  effect  is  somewhat  lost  by  a  too  specific  recommenda- 
tion in  places. 

Mr.  Clauk  R.  Mandi(;o,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter) .f— Tin' 

M  ft  n  d  i  2f  o  •^  ''I 

■  statement  that  there  is  no  necessity  "for  confining  the  material  for 
wood  paving  blocks  to  long-leaf  Georgia  pine"  is  likely  to  be  mis- 
leading, imless  the  few  other  varieties  of  wood,  which  have  been 
used  successfully,  are  mentioned.  Attention  should  be  called  also  to 
the  fact  that  different  woods  require  different  methods  of  treatment  in 
order  to  get  proper  penetration  of  the  preservative.  Very  few  woods 
will  "take"  much  more  than  20  lb.  of  preservative,  and  the  limits  can 
well  be  placed  at  15  to  18  lb.  per  cu.  ft.  Thorough  and  uniform  penetra- 
tion of  the  preservative  is  essential,  and,  where  the  blocks  are  not 
treated  to  refusal,  it  is  obtained  only  by  intelligent  and  careful  control 
of  the  treating  process,  the  details  of  which  must  vary  with  the  species, 
the  density,  and  the  seasoning  of  the  wood  used. 

Wood  blocks  which  have  been  in  the  street  from  6  to  10  years  are 
collapsing,  due  to  a  decayed  center  which  never  received  any  preserva- 
tive. It  is  to  be  hoped  that  the  Committee  will  arrive  at  some  con- 
clusions in  regard  to  methods  of  treatment,  kind  of  preservative, 
method  of  laying  blocks,  and  kind  of  filler,  to  be  incorporated  in  the 
next  report. 

There  are  so  many  points  in  controversy  in  connection  with  pave- 
ments that  it  will  be  impossible  to  conform  to  the  ideas  of  all.  It  is 
desirable,  however,  to  state  what  is  considered  good  usage  for  the 
different  methods  which  have  resulted  successfully  and  have  been 
reasonably  well  defined. 

Mr.  J.  W.  Howard,!  Esq. — If  sand  is  used  for  the  cushion,  it  should  be 

Howard.  ....      ^  ,  i  .   , 

coarse,  because,  if  it  is  fine,  the  water  which  percolates  down  next  to 

•  Kansas  City,  Mo. 

t  Received   by   the   Secretary,    .January    14th,    1916. 

t  New  York  City. 
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railroad  tracks,  manholes,  between  the  wood  blocks,  etc.,  will  wash  it  Mr, 
away.  The  speaker  favors  the  Portland  cement-sand  mixture.  In  ^*"^ 
London,  in  some  cases,  a  cushion  of  asphalt  or  mastic  of  sand  and  a 
good  coal-tar  product  is  used.  This  prevents  the  water  from  coming 
up  through  the  foundation,  by  capillary  action  or  otherwise,  and 
gathering  between  the  top  of  the  foundation  and  the  bottom  of  the 
wood  block. 

In  some  cases,  England,  France,  and  Germany  use  wood  after  dip- 
ping the  bottom  part  of  the  blocks  in  hot  tar  just  previous  to  laying 
them.     That  prevents  water  from  doing  much  damage. 

Much  discussion  of  wood  block  pavements  has  arisen,  largely  because 
earlier  wood  pavements  suffered  so  terribly  in  reputation  in  America, 
in  Washington,  D.  C,  Elizabeth,  N.  J.,  etc. 

Wood  pavements  were  introduced  60  years  ago.  The  first  were 
made  under  English  patents.  Since  then  wood  pavements  have  been 
improved  and  made  better  and  better,  but  there  is  still  room  for 
improvement. 

Generally,  wood  must  be  preserved,  whether  the  traffic  is  light  or 
heavy,  but  where  the  traffic  is  excessively  heavy,  as  36  000  vehicles  per 
day  on  the  rue  Rivoli,  Paris,  there  is  no  necessity  for  creosoting,  as  the 
wear  is  so  rapid  that  the  blocks  wear  out  long  before  germs  could  cause 
them  to  decay. 

As  to  the  preservatives  for  wood  blcjcks,  much  information  comes 
through  the  press,  many  articles  being  commercially  inspired.  Com- 
mercial men  have  certain  products  which  they  desire  to  market,  and 
they  advocate  specifications  which  are  calculated  to  help  sell  their 
wares  and  deter  the  sale  of  others.  Therefore,  engineers  representing 
the  cities  and  independent  clients  must  be  careful  to  have  specifications 
admitting  all  wood  pavements  and  preservatives  which  have  proved  to 
be  successful.  The  speaker  believes  in  straight,  definite,  open,  com- 
prehensive specifications,  not  closed,  alternate,  or  compromise  speci- 
fications. 

The  following  are  a  few  notes  on  the  basic  essentials  for  preserva- 
tive or  creosote  oil  for  wood  paving  blocks. 

Many  engineers  know  of  a  specification  descriptive  of  a  certain  tar 
product  or  tar-oil  compound  for  wood  paving  blocks,  which  has  appeared 
in  some  important  cities  and  has  been  mentioned  before  this  Society. 
This  specification  consists  of  certain  tests,  intended  to  control  or  limit 
the  special  ''tar  product"  to  be  used  to  a  pitch  or  tar  containing  oil, 
which  practically  excludes  competition  and  prevents  the  use  of  good, 
successful,  long-established,  standard,  distillate  creosote  oils.  This  ex- 
clusion is  accomplished  by  specifying  a  heavy  specific  gravity  of  l.OS 
or  greater,  combined  with  the  requirement  that  the  total  distillates, 
up  to  .31.5°  cent.,  shall  not  be  more  than  50%  (or  even  40%),  and  does 
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Mr.  not  forbid  stiff,  brittle  residues  after  the  distillation  test ;  whereas,  some- 
pure,  good,  creosote  oils  yield  as  high  as  85%  total  distillates  up  to  315° 
cent.,  and  some  95%  up  to  355°  cent.,  have  specific  gravities  both  below 
and  above  1.08,  and  leave  a  good,  soft  residue,  as  shown  by  tests  of 
good  types  of  excellent  creosote  oils  of  America  and  Europe  found  in 
reliable,  authoritative  books. 

The  English  Government,  having  many  colonies,  naturally  has 
specifications  for  buying  materials  according  to  standards  for  shipment 
to  those  colonies.  In  Allen's  Chemistry,  the  specification  for  creosote 
oils  for  use  in  the  English  colonies  is  set  forth,  and  embraces  creosote 
oils  which  are  good  and  successful. 

The  tests  for  wood  preservatives  should  be  as  few  and  simple  as  pos- 
sible, so  that  they  may  be  made  in  any  good  laboratory  and  easily  under- 
stood by  city  engineers  who  are  not  chemists.  All  preservatives  for 
wood  paving  blocks  (and  there  are  several  good  ones)  should  be  in- 
soluble in  water,  and  should  be  able  to  impregnate  the  wood  thoroughly 
and  thereby  practically  exclude  water.  The  exclusion  of  water  pre- 
vents the  blocks  from  swelling  and  buckling  the  pavement;  it  also  pre- 
vents fungous  or  germ  growth,  which  cannot  exist  without  water. 
Preservatives  should  have  germicidal  or  antiseptic  qualities.  They 
should  be  stable,  so  that  their  essential  qualities  will  not  evaporate  and 
leave  the  wood,  due  to  the  effect  of  the  sun,  air,  or  other  elements.  They 
should  not  ooze  or  bleed  out  of  the  wood  to  any  noticeable  extent,  either 
from  the  heat  of  the  sun  or  from  the  compression  of  the  blocks,  thereby 
causing  a  material  loss  of  the  preservative  and  making  a  pitchy,  dirty 
pavement,  the  oozing  or  bleeding  tar,  such  as  occurs  with  tar  products 
which  are  not  distillate,  true,  creosote  oils,  being  injurious  to  pedes- 
trians, vehicles,  floors,  and  carpets  of  adjoining  buildings. 

Because  of  their  comparative  cheapness  and  abundance  in  all 
parts  of  the  world,  by-product  coal-  and  gas-tars  are  the  sources  from 
which  most  good  distillate  creosote  oils  are  manufactured  for  this  pur- 
pose. Within  a  few  years  water-gas  tars  have  become  the  basis  of 
manufacture  of  wood-preserving  oils  which,  alone  or  combined  with 
coal-tar  distillate  creosote  oils,  give  promise  of  successful  economic 
results.  Blocks  treated  by  this  process  were  laid  in  1912  on  Arch 
Street,  Philadelphia. 

The  Bethell  process  of  wood  preservation,  devised  in  1838,  for  im- 
pregnating wood  with  tar  distillate  creosote,  and  many  modifications 
and  substitutions  thereof,  such  as  those  of  Labrot,  Lowry,  Card, 
Burnett  and  Rueping,  have  been  used  with  success  for  many  years. 

Creosote  oils  compose  the  group  of  the  principal  preservatives  for 
wood,  the  best  being  always  made  by  distilling  tars;  they  are  not  tar 
products  or  compounds  of  oils  and  pitch,  which  are  not  distillates  and 
are  objectionable.     The  United  States  Department  of  Agriculture  has 


Howard. 
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shown*  that  creosote  oils  are  all  distillates  manufactured  from  many      Mr. 
tars,  stating  it  briefly  as  follows: 

"The  general  process  of  manufacture  is  similar  in  all  cases.  The 
tar  is  distilled  in  a  metal  retort  or  still  and  the  vapors  are  condensed 
and  collected.  Those  distillates  which  are  heavier  than  water  form 
the  true  creosotes  used  in  wood  preservation." 

The  best  creosote  oils,  therefore,  are  all  distillates.  A  good  and 
efficient  specification  admitting  all  good,  and  excluding  all  poor,  creo- 
sote oils  for  wood  paving  blocks,  should  require  as  follows:  The  pre- 
servative used  must  be  a  distillate  creosote  oil  of  above  1.03  specific 
gravity,  at  38°  cent.  (100°  Fahr.),  containing  less  than  1%  of  matter 
insoluble  in  benzol  by  hot  extraction.  It  shall  be  water-proof,  anti- 
septic, and  contain  at  least  10%  of  crystallizable  naphthalene  and  at 
least  15%  of  the  stable  anthracene  oil.  When  distilled,t  the  total 
distillate  on  the  basis  of  water-free  oil  up  to  150°  cent.  (302°  Fahr.), 
shall  not  exceed  1%;  and  the  total  up  to  200°  cent.  (392°  Fahr.)  shall 
not  exceed  5  per  cent.  The  distillation  shall  be  continued  to  315'^ 
cent.  (600°  Fahr.),  and  the  residue  then  remaining,  when  cooled  to 
25°  cent.  (77°  Fahr.),  shall  be  soft  and  easily  indented  with  the  finger. 
The  creosote  oil  used  shall  be  a  distillate  made  from  coal-tar  or  a  com- 
bination of  distillates  from  coal-tar  and  water-gas  tar,  provided  the 
oil  produced  meets  all  the  above  tests  of  qualities  needed  for  thoroughly 
preserving  wood. 

All  such  creosote  oils  contain  enough  naphthalene  to  be  germicidal 
and  prevent  decay  of  wood.  They  also  contain  a  large  quantity  of 
anthracene  oil,  which  is  water-proof,  stable,  and  cannot  be  volatilized 
or  injvired  by  the  elements  and,  being  heavier  than  water,  is  not  floated 
out  of  wood  but  remains,  excluding  water,  which  is  the  vital  enemy 
of  structural  wood. 

The  high  grades  of  true,  distillate  (pitch-free)  creosote  oils,  used 
in  the  minimum  quantity  needed,  even  as  low  as  14  lb.  per  cu.  ft.  of 
wood,  and  thoroughly  impregnating  it,  do  not  ooze  from  the  wood 
blocks  like  the  impure  compound  oils  containing  any  appreciable 
quantity  of  pitch  (the  stiff,  hard  part  of  crude  tars),  even  when  such 
compound  oils  are  used  in  as  small  quantities.  The  pitch-containing 
oils  do  not  generally  thoroughly  impregnate  the  wood,  and  they  often 
contain  other  impurities  affected  by  water  and  the  elements  in  hot, 
cold,  or  wet  weather. 

The  citizens  want  clean,  handsome  street  pavements  from  the  be- 
ginning. Dirty,  pitchy,  tarry  pavements  should  not  be  permitted, 
because  it  is  possible,  as  shown  by  long  experience  in  all  countries,  to 

*  "Commercial  Creopotes  with  Special  Reference  to  Protection  of  Wood  from 
Decay",  Circular  206^  Forestry  Service,  1912. 

tAs  described  in  Bulletin  No.  65,  American  Railway  Engineering  and  Mainte- 
nance of  Way  Association. 
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Mr.      construct  wood  pavements  which  are  clean  when  laid,  and  which  re- 
Howard. 

mam  so. 

The  specifications  should  be  such  as  to  enable  a  city  to  have  dur- 
able wood  pavements  where  needed,  and,  to  assure  competition  and  the 
lowest  possible  cost,  they  should  permit  the  use  of  any  kind  of  wood 
pavement  which  has  already  been  shown  by  an  experience  of  10  years 
or  more  to  have  been  successful  in  any  city.  They  should  not,  exclude 
those  which  have  been  proved  to  be  durable,  efficient,  successful,  and 
in  good  condition  in  actual  use  for  a  period  of  10  years  or  more, 
under  severe  climatic  conditions  and  heavy,  numerous  traffic.  The 
broad,  safe,  open,  single,  comprehensive  specification  previously  given 
is  the  best.  It  also  provides  for  competition  from  every  one  of  the 
good  distillate  creosote  oils  which  have  been  successful. 

One  of  the  best  descriptions  and  requirements  for  Grade  1  coal-tar 
creosote,  referred  to  also  as  Maintenance-of-Way  Oil  No.  1,  is  that 
adopted  by  the  American  Railway  Engineering  Association,  as  reqom- 
mended  by  Committee  XVII,  on  Wood  Preservation,  as  follows: 

"The  oil  used  shall  be  the  best  obtainable  grade  of  coal-tar  creo- 
sote; that  is,  it  shall  be  a  pure  product  obtained  from  coal  gas  tar 
or  coke  oven  tar  and  shall  be  free  from  any  tar,  including  coal  gas 
tar  and  coke  oven  tar,  oil,  or  residue  obtained  from  petroleum  or  any 
other  source;  it  shall  be  completely  liquid  at  thirty-eight  (38)  degrees 
centigrade  and  shall  be  free  from  suspended  matter;  the  specific 
gravity  of  the  oil  at  thirty-eight  (38)  degrees  centigrade  shall  be  at 
least  1.03.  When  distilled  by  the  common  method- — that  is,  using  an 
eight  (8)  ounce  retort,  asbestos  covered,  with  standard  thermometer, 
bulb  one-half  (i)  inch  above  the  surface  of  the  oil — the  creosote,  cal- 
culated on  the  basis  of  the  dry  oil  shall  give  no  distillate  below  two 
hundred  (200)  degrees  centigrade,  not  more  than  five  (5)  per  cent, 
below  two  hundred  and  ten  (210)  degrees  centigrade,  not  more  than 
twenty-five  (25)  per  cent,  below  two  hundred  and  thirty-five  (235) 
degrees  centigrade,  and  the  residue  above  three  hundred  and  fifty-five 
(355)  degrees  centigrade,  if  it  exceeds  five  (5)  per  cent,  in  quantity, 
shall  be  soft.  The  oil  shall  not  contain  more  than  three  (3)  per  cent, 
water." 

The  Committee*  further  stated: 

"Whenever  possible  only  Grade  1  Coal  Tar  Creosote  should  be 
used,  and  under  no  circumstances  should  coal  tar  be  added  to  creosote 
f»f  this  grade." 

As  examples  of  good  types  of  ctjmpeting  commercial  creosote  oils, 
all  distillates,  it  is  interesting  to  note  the  following  specific  gravities 
at  38°  cent.  (100°  Fahr.)  :  American,  1.034;  another  American,  used 
at  Chicago,  1.109  (these  two  having  total  distillates  up  to  385°  cent. 
(671°  Fahr.)  of  91%  and  70%,  respectively,  and  having  residues 
which  are  soft  and  of  dark  amber  color)  ;  German  creosote  oil,  specific 
*  Proceedings,  Am.  Ry.  Eng.  Assoc,  Vol.  15,  p.  6.^2. 
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gravity,  1.064,  distillates  up  to  355°  cent.,  80%,  leaving  soft  residue;  Mr. 
English  creosote  oil,  specific  gravity,  1.044,  total  distillate  up  to  toward. 
355°  cent.,  90%,  residue  soft.  Note  for  comparison  the  pitch  mixture 
or  pitch  containing  oil,  not  a  distillate,  which  has  been  used  for  a  very 
few  years  in  Manhattan  Borough,  New  York,  and  in  other  cities 
of  the  United  States,  but  is  not  as  good  as  real  creosote  oils.  It  has 
a  gravity  of  about  1.115,  total  distillates  up  to  355°  cent.,  below  60%, 
and  the  residue  is  hard,  stiff,  brittle  pitch.  This  pitch-tar-oil-compound 
had  3.1%  impurities,  insoluble  in  hot  benzol  by  the  extraction  test,  but 
good  creosote  oils  have  less  than  1%  thus  insoluble. 

It  is  mse  to  put  in  specifications  for  wood  block  pavements  direct 
tests  to  show  the  presence  of  naphthalene  and  anthracene  oil;  in  other 
words,  the  specifications  should  have  direct  tests  to  show  that  the 
material  is  antiseptic  and  stable. 

A  method  to  ascertain  the  strength  of  wood  by  its  density,  as  a 
measure  of  its  quality,  instead  of  judging  by  the  species,  has  been 
published.  The  speaker  thinks  that  the  American  Pine  Manufacturers 
and  the  American  Railway  Engineering  Association  have  adopted  it. 
The  Committee  should  look  into  the  matter  of  judging  the  qualities 
of  pine  woods  for  paving  purposes  by  their  densities. 

E.  H.  Thomes,*  M.  Am.  See.  C.  E. — The  speaker  suggests  to  the  Mr. 
Committee  the  advisability  of  including  on  the  data  forms  the  season-  '''^""^^^ 
ing  of  the  wood  and  the  details  of  the  treatment,  as  they  are  im- 
portant factors.  It  should  also  state  the  average  weight  of  treated 
blocks  per  cubic  foot;  the  absorption  of  water  after  treatment,  at  the 
plant,  and  also  when  it  should  be  used,  as  well  as  how  timber  growth 
rings  are  to  be  measured,  the  relative  quantities  of  hard  and  soft  wood, 
and  the  percentage  of  heart  wood.  The  quantity  of  preservative  and 
the  character  of  the  filler  depend  on  several  factors,  one  of  which 
is  the  amount  of  traffic,  whether  the  blocks  will  wear  out  before  they 
rot,  and  whether  it  will  be  enough  to  crush  down  the  tops  of  the 
blocks  a  little,  and  form  a  mushroom  expansion  joint  around  each 
block.  In  that  case,  a  sand  filler  may  be  used,  and  where  the  quantity 
of  preservative  is  greater  there  is  less  expansion  and  absorption,  but 
if  a  bituminous  filler  is  used,  the  quantity  of  preservative  may  be 
decreased.  If  the  pavement  is  kept  sprinkled,  so  that  the  moisture 
is  more  uniform,  there  is  less  expansion  and  contraction,  and  a  smaller 
quantity  of  preservative  is  needed  to  prevent  buckling. 

*  Jamaica,  N.  V. 
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Note. — Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  in- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


CLOUD  CLIFFORD  CONKLING,  M.  Am.  Soc.  C.  E.* 


Died  May  8th,  1916. 


Cloud  Clifford  Conkling  was  born  in  Rensselaerville,  N.  Y.,  on 
October  Otli,  1862.  He  spent  his  boyhood  in  Scranton,  Pa.,  where  he 
attended  the  public  schools. 

While  continuing  his  studies,  including  Civil  and  Mining  Engineer- 
ing, he  obtained  employment,  in  September,  1881,  as  Eodman  on  the 
Erie  and  Wyoming  Railroad,  and  held  a  similar  position,  during  the 
summer  of  1882,  on  a  water  supply  survey  of  the  Ramapo  Valley,  K.  Y. 

In  1882  and  1883,  Mr.  Conkling  took  a  special  course  of  study  at 
W^illiston  Seminary,  East  Hampton,  Mass. 

During  1884  and  1885,  he  was  engaged  as  Draftsman  and  Transit- 
man  in  the  office  of  an  engineering  firm  at  Scranton,  Pa.,  and  on  a 
railroad  survey  in  New  Jersey  under  Mr.  J.  H.  Rittenhouse. 

In  September,  1886,  Mr.  Conkling  entered  the  service  of  the  Lacka- 
wanna Iron  and  Steel  Company  (now  the  Lackawanna  Steel  Company) 
as  Rodman  in  the  Civil  and  Mining  Engineering  Department.  He 
served  in  various  positions  with  this  Company  until  1904,  as  follows: 
April,  1888,  as  Transitman;  September,  1892,  as  Assistant  Engineer; 
and  February,  1894,  as  Chief  Civil  Engineer,  in  which  capacity  he 
had  charge  of  the  design  and  construction  of  all  the  civil  engineering 
work  of  the  Company,  including  the  construction  of  its  plant  at 
Buffalo,  'N.  Y.,  as  well  as  the  design  and  construction  of  all  foundation 
work,  railroad  yards,  sewers,  villages,  etc.,  in  connection  with  it.  As 
Chief  Engineer  of  the  South  Buffalo  Railroad,  he  had  charge  alsi» 
of  the  design  and  construction  of  all  canal  and  harbor  works  connected 
with  that  railroad. 

In  1904,  Mr.  Conkling  left  the  direct  employ  of  the  Lackawanna 
Steel  Company  to  engage  in  private  practice  as  a  Consulting  Engineer, 
in  Buffalo,  N.  Y.  In  this  capacity  he  made  the  surveys,  plans,  and 
estimates  for  the  Buffalo,  Depew  and  Lake  Erie  Railroad,  a  terminal 
freight  line  built  around  the  City  of  Buffalo,  and  was  engaged  on 
other  important  work. 

In  1907,  the  original  design  of  the  Lackawanna  Steel  Sheet-Piling 
was  patented.  Mr.  Conkling  designed  and  patented  modifications  of 
the  original  design,  and  was  instrumental  in  bringing  to  a  successful 
completion  the  designs  and  sections  of  the  steel  sheet-piling  now  rolled 

*  Memoir  prepared  by  Charles  S.  Boardman,  M.  Am.  Soc.  C.  E. 
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by  the  Lackawanna  Steel  Company.  He  also  advised  with  engineers 
on  many  important  projects  in  which  this  piling  was  used. 

In  October,  1913,  the  consulting  work  of  this  character  had  reached 
such  proportions  that  Mr.  Conkling  returned  to  the  employ  of  the 
Company,  as  Chief  Engineer  of  the  Steel  Sheet-Piling  Department, 
which  position  he  held  at  the  time  of  his  death  on  May  8th,  1916. 

Mr.  Conkling's  long  service  with  the  Lackawanna  Steel  Company, 
his  faithfulness  to  duty  and  fairness  to  his  associates,  made  for  him 
many  friends,  and  his  death  will  be  a  severe  loss,  not  only  to  his  Com- 
pany and  friends,  but  also  to  the  Engineering  Profession. 

He  had  served  for  12  years  in  the  National  Guard  of  the  State  of 
Pennsylvania,  retiring  as  a  Sergeant-Major  of  the  Thirteenth  Eegiment. 

Mr.  Conkling  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  January  4th,  1905. 


HERBERT  WHEELER  COWAN,  M.  Am.  Soc.  C.  tV 


Died  May  29th,  1915. 


Herbert  Wheeler  Cowan  was  born  in  Bath,  Me.,  on  April  2Tth, 
1862.  He  was  the  son  of  Augustus  Nelson  Cowan  and  Martha  Jane 
(Chapman)  Cowan,  and  was  a  descendant  of  the  fifth  generation  of 
James  Cowan,  of  Scotch  ancestry,  who  came  from  the  North  of 
Ireland  and  settled  in  Merrimac,  N.  H.,  about  1750.  His  great-grand- 
father served  for  three  years  as  a  soldier  in  the  War  of  the  Revolution. 
His  father  was  a  ship-builder  and  store-keeper  in  Bath. 

After  a  preliminary  common  school  education  in  his  native  town. 
Mr.  Cowan  entered  Worcester  Polyteclmic  Institute,  Worcester,  Mass., 
in  1879,  and  was  graduated  therefrom  with  the. degree  of  Bachelor  of 
Science  in  1882.  The  somewhat  meager  records  of  the  Institute 
indicate  that  he  was  an  excellent  student. 

From  June,  1882,  to  January,  1883,  Mr.  Cowan  was  employed  as 
Draftsman  by  Fuller  and  Delano,  Architects,  of  Worcester,  Mass.  On 
March  6th,  1883,  he  went  to  St.  Paul,  Minn.,  where  he  joined  his  class- 
mate, Mr.  Fred  W.  Moore,  and  the  two  young  engineers  then  proceeded 
as  far  as  Winnipeg,  Man.,  arriving  there  on  March  29th.  On  April 
26th,  they  secured  employment  with  a  contractor  as  Chainmeh  with 
a  surveying  party  which  proceeded  westward  by  rail  to  Swift  Current, 
then  the  western  terminus  of  the  Canadian  Pacific  Railway;  tlience 
the  journey  was  continued  on  foot  450  miles  to  the  Saskatchewan 
River  country  in  the  neighborhood  of  Edmonton,  Alberta.  This  party 
was   engaged   in   the   subdivision   of   townships   which   had   been   laid 

*  Memoir  prepared  by  Herbert  S.  Crocker,  M.  Am.  Soc.  C.  E. 


Mem«.i)-.|  MKMOIU   OK    IIKKHI-JHI     W  HIOKI.KU    COWAN  1  l.S.") 

out  previously  by  the  Cauadiau  Governiuent.  After  speuding  the 
entire  summer  in  this  region  and  enduring  the  many  hardships 
incident  to  frontier  surveying  work,  Messrs.  Cowan  and  Moore  decided 
that  they  were  wasting  their  time,  and  so,  with  seven  others,  they 
left  camp  early  in  September,  walking  some  200  miles  south  to 
Calgary,  Alberta,  which  place  had  been  reached  during  the  summer 
by  the  Canadian  Pacific  Railway. 

Arriving  in  St.  Paul,  Minn.,  on  September  12th,  1883,  Mr.  Cowan 
held  several  temporary  positions  of  minor  importance.  However, 
on  December  10th,  his  career  as  a  railroad  engineer  may  be  said  to 
have  begun,  for,  on  that  date,  at  Prairie  du  Chien,  Wis.,  he  entered 
the  employ  of  the  Winona,  Alma  and  Northern  Railroad  Company, 
as  Topographer,  Instrumentman,  and  Draftsman  on  a  preliminary 
survey  of  its  line  along  the  east  bank  of  the  Mississippi  River.  This 
line  was  acquired  later  by  the  Chicago,  Burlington  and  Northern  Rail- 
road Company,  and  has  become  a  part  of  what  is  now  the  main  line 
of  the  Chicago,  Burlington  and  Quincy  Railroad  between  Chicago 
and  St.  Paul. 

In  December,  1884,  Mr.  Cowan  was  transferred  to  La  Crosse,  Wis., 
where  he  became  Draftsman  in  the  office  of  the  Chief  Engineer,  the 
late  William  B.  Lawson,  M.  Am.  Soc.  C.  E.  He  remained  there  until 
July,  1886,  when  he  was  transferred  by  Mr.  Lawson  to  Colorado, 
where  he  was  employed  as  Topographer  on  the  then  contemplated 
extension  west,  from  Denver  to  Salt  Lake  City,  of  the  lines  of  the 
Chicago,  Burlington  and  Quincy  Railroad  Company.  In  this  field 
work,  he  was  a  member  of  a  party,  headed  by  Mr.  T.  R.  Countryman, 
which  conducted  the  survey  between  Denver  and  the  summit  of  the 
main  range  of  the  Rocky  Mountains.  This  work  lasted  until  Feb- 
ruary, 1887,  when,  after  two  months'  service  in  the  office,  Mr.  Cowan 
was  transferred  to  field  work  west  of  Salt  Lake  City  for  the  same 
company  and,  until  December,  1887,  was  engaged  in  reconnoitering — 
for  the  most  part  on  horseback — a  projected  line  to  Los  Angeles,  Cal. 
He  then  returned  to  office  work  in  Denver,  which  work  continued 
until  July  1st,  1888,  when  he  received  word  to  report,  at  Alliance, 
Nebr.,  to  Maj.  R.  J.  McClure,  the  Consulting  Engineer  of  the  Com- 
pany, who  made  the  first  explorations  of  a  railway  line  to  extend  the 
Burlington  System  to  the  Northwest,  this  being  an  initial  step  toward 
what  was  later  a  connection  with  the  railways  reaching  to  the  Pacific 
at  Puget  Sound  and  into  British  Columbia.  Mr.  Cowan's  selection 
for  this  reconnaissance  was  due  to  his  splendid  record  on  previous 
work  of  this  character.  His  journey  with  Maj.  McClure  was  made 
by  team  consisting  of  bronchos  and  buckboard,  by  which  method  of 
travel  they  covered  1  400  miles  in  60  days,  extending  their  trip  through 
Yellowstone  Park  and  returning  to  Alliance  in  August,  1888,  at  which 
Mr.    Cowan's   connection   with   the   Chicago,   Burlington   and    Quincy 
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Railroad  Company  ceased  because  of  his  desire  to  locate  permanently 
in  Colorado. 

From  September  1st,  1888,  to  April  1st,  1890,  Mr.  Cowan  was  an 
Assistant  Engineer  on  the  Colorado  Division  of  the  Union  Pacific 
Railway,  and  from  April  1st,  1890,  to  December  18th,  1893,  he 
served  in  a  similar  capacity  for  the  Union  Pacific,  Denver  and  Gulf 
Railway  Company,  a  subsidiary  of  the  Union  Pacific  Railway 
Company,  in  both  of  which  positions  he  was  engaged  on  construction, 
maintenance  of  way,  and  office  work,  and  reported  to  the  Division 
Engineer,  William  Ashton,  M.  Am.  Soc.  C.  E. 

In  1893,  the  Union  Pacific  System  went  into  the  hands  of  Receivers, 
separate  Receivers  being  appointed  for  many  of  the  subsidiary  lines, 
and,  in  February,  1894,  Mr.  Cowan  was  appointed  Resident  Engineer 
for  the  Receiver  of  the  Union  Pacific,  Denver  and  Gulf,  and  for  the 
Denver,  Leadville  and  Gunnison  Railway  Companies.  He  held  these 
positions  throughout  the  receiverships  of  these  roads  and  until  the 
reorganization  of  the  properties,  in  January,  1899,  into  what  is  now 
known  as  the  Colorado  and  Southern  Railway  Company.  Mr.  Cowan 
then  became  Chief  Engineer  of  this  company  and  retained  that 
position  until  his  death. 

Of  the  more  important  work  done  by  Mr.  Cowan  since  1893, 
mention  may  be  made  of  the  following: 

In  1895  he  had  charge  of  the  surveys  and  construction  of  approxi- 
mately 27.5  miles  of  railway  between  Walsenburg  and  Trinidad,  Colo., 
connecting  various  mine  branches  to  form  a  main  line  between  the 
points  mentioned. 

During  1900  he  had  charge  of  the  plans  and  construction  of  the 
Colorado  and  Southern  Railway  Company's  roundhouse,  shops,  and 
other  terminal  facilities  in  Denver,  the  headquarters  of  the  System. 
In  1902,  he  acted  as  Consulting  Engineer  for  the  Fort  Worth  and 
Denver  City  Railway  Company,  in  connection  with  the  construction 
of  the  principal  shops  and  roundhouse,  as  well  as  the  yards,  at 
Childress,  Tex.  During  the  next  few  years  he  served  that  company 
in  a  similar  capacity  in  connection  with  the  construction  of  terminals 
at  Amarillo,  Tex. 

During  1902  and  1903,  Mr.  Cowan  had  charge  of  the  preliminary 
and  location  surveys  and  the  construction  of  11  miles  of  standard- 
gauge  line  built  from  Fort  Collins  to  Wellington,  Colo.,  through  an 
agricultural  section  which,  at  that  time,  was  just  being  brought  under 
cultivation.  In  1905  and  1906  this  construction  was  continued  north- 
ward in  several  branches  from  Fort  Collins,  some  26  miles  in  all. 

Also,  during  1904,  1905,  and  1906.  Mr.  Cowan  acted  as  Consulting 
Engineer  in  connection  with  the  surveys  and  construction  of  approxi- 
mately 300  miles  of  standard-gauge  line  for  the  Trinity  and  Brazos 
Valley  Railway  Company,  between   Cleburne  and   Teague,   Tex.,  and 
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also  between  Waxahacliie  and  Houston  in  the  same  State.  This  line 
had  the  joint  financial  support  of  the  Colorado  and  Southern  Rail- 
way Company  and  the  Chicago,  Rock  Island  and  Pacific  Railway 
Company,  and  was  constructed  under  the  joint  direction  of  their  Engi- 
neering Departments. 

From  1906  to  1908,  inclusive,  he  located  and  constructed  approxi- 
mately 17  miles  of  second  track  paralleling  the  main  line  of  the 
Colorado  and  Southern  Railway  between  the  northern  limits  of  Denver 
and  extending  northwestward  to  Louisville  Junction.  This  work  in- 
volved a  reduction  of  gradient  from  1.25  to  0.8  per  cent.  A  portion 
of  this  road  is  operated  by  the  Denver  and  Interurban  Railroad  Com- 
pany as  an  electric  line. 

From  1908  to  1910,  Mr.  Cowan  served  as  Consulting  Engineer  in 
the  construction  of  83  miles  of  standard-gauge  line  known  as  the 
Stamford  and  N^orthwestern  Railway,  extending  northwestward  from 
Stamford  to  Spur,  Tex. 

For  some  years  prior  to  1910,  the  increasingly  heavy  traffic  on 
the  46  miles  of  main  line  of  the  Denver  and  Rio  Grande  Railroad 
Company  between  Minnequa  and  Walsenburg,  Colo.,  which  had  been 
operated  jointly  by  that  company  and  the  Colorado  and  Southern  Rail- 
way Company,  rendered  it  necessary  to  take  steps  to  relieve  the 
congestion.  Accordingly,  under  the  joint  supervision  of  Mr.  Cowan 
and  Mr.  J.  G.  Gwyn,  Chief  Engineer  of  the  Denver  and  Rio  Grande 
Railroad  Company,  surveys  were  made,  which  resulted  in  the  con- 
struction, during  1910  and  1911,  of  a  new  line  providing  a  double 
track  of  lighter  curvature  and  much  lower  gradient.  This  at  the 
present  time  is  one  of  the  heaviest  pieces  of  railroad  construction 
in  Colorado;  the  line  has  been  operated  with  great  satisfaction  to  both 
the  companies  interested. 

During  1910  and  1911  there  was  also  constructed,  under  the 
direction  of  Mr.  Cowan  as  Chief  Engineer,  a  standard-gauge  line, 
having  a  length  of  32  miles,  between  Dixon,  Colo.,  and  Cheyenne,  Wyo. 

From  1908  to  the  time  of  his  death,  as  a  member  of  engineering 
boards  directing  their  construction,  Mr.  Cowan  was  actively  interested 
in  a  number  of  local  improvements  in  Denver,  among  which  were  the 
Twentieth  Street  Viaduct,  the  West  Alameda  Avenue  Subway,  and 
the  Colfax-Larimer  Viaduct,  in  all  of  which  public  improvements  his 
company,  with  other  corporations,  was  interested  financially. 

Owing  to  his  marked  ability  in  handling  joint  work  satisfactorily, 
together  with  his  profound  knowledge  o:^  the  local  railway  and  terminal 
situation,  Mr.  Cowan  was  chosen  in  1912  as  Chairman  of  an  Engineers' 
Committee,  composed  of  the  Chief  Engineers  of  all  the  holding 
companies  constituting  the  Denver  Union  Terminal  Railway  Company. 
This  Committee  had  charge  of  all  the  engineering  work  pertaining 
to  the  remodeling  of  the  Denver  Union  Station,  and  the  construction 
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of  its  trainsheds,  together  with  the  re-arrangement  of  the  passenger 
and  terminal  yards,  and  incidental  work  in  connection  therewith.  This 
work  involved  the  harmonizing  of  the  different  interests,  as  well  as 
the  handling  of  intricate  details,  and  was  only  half  completed  at  the 
time  of  his  death. 

In  his  professional  life,  Mr.  Cowan  was  noted  for  the  thorough 
manner  in  which  he  handled  his  work  and  for  his  retentive  memory  in 
connection  with  its  details.  He  did  not  confine  his  attention  to  the 
duties  of  his  own  department,  for,  owing  to  his  good  judgment,  he 
was  constantly  called  into  council  with  the  executive  heads  of  his 
company  relative  to  general  policies  and  administration.  He  took  a 
great  interest  in  the  development  of  the  resources  of  the  country 
tributary  to  his  road,  and  was  instrumental  in  the  projection  and 
construction  of  many  miles  of  spurs  to  stone  quarries  and  coal  and 
metalliferous  mines. 

On  account  of  his  honesty,  good  judgment,  and  breadth  of  view, 
his  services  were  often  sought,  both  in  consultation  relative  to  new 
projects  and  in  the  arbitration  of  differences  of  opinion. 

At  the  time  of  his  death,  he  was  a  Director  of  the  Colorado  Rail- 
road Company  and  of  the  Denver  and  Interurban  Railroad  Company, 
both  subsidiaries  of  the  Colorado  and  Southern  Railway  Company. 

On  July  20th,  1893,  Mr.  Cowan  was  married  to  Sarah  A.  McMillan, 
who  died  on  April  15th,  1897.  On  June  30th,  1898,  he  was  married 
to  Mrs.  Clara  (Lewis)  Waterman,  by  whom  he  is  survived.  The  sur- 
viving children  of  this  marriage  are  Ralph  Dudley  and  Lester 
Augustus  Cowan. 

A  description  of  Mr.  Cowan's  life  would  be  incomplete  without 
mention  of  the  many  excellent  qualities  which  won  him  the  love  and 
respect  of  all  with  whom  he  came  intimately  in  contact.  He  was 
generous,  fair-minded,  and  unselfish  in  securing  advancement  of  his 
employees  and  members  of  his  Profession.  Being  charitable  in  his 
judgment  and  opinion  of  others,  it  is  not  strange  that,  although  he 
insisted  on  work  of  first  quality,  he  did  not  arouse  the  enmity  of  those 
whom  at  times  he  found  it  necessary  to  oppose.  Although  retiring 
in  disposition,  he  had  many  intimate  friends,  not  only  in  Colorado, 
but  throughout  the  country,  all  of  whom  were  greatly  shocked  at  his 
taking  off  in  the  prime  of  life  and  at  the  time  when  his  usefulness  in 
his  community  and  among  his  circle  of  friends  was  ever  increasing. 

In  August,  1900,  Mr.  Cowan  became  a  Charter  Member  of  the 
American  Railway  Engineering  Association,  the  annual  conventions 
of  which  he  attended  with  regularity  and,  from  time  to  time,  he 
contributed  valuable  information  to  its  Standing  Committees. 

On  April  1st,  1914,  he  became  a  Corporate  Member  of  the  Amer- 
ican Wood  Preservers'  Association,   in  which  he  took  a  very  active 
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iiiteret^t.  That  Associatiun,  at  a  recent  convention,  passed  resolutions 
of  regret  on  his  death. 

Formal  resolutions  extolling  the  life  and  services  of  Mr.  Cowan 
were  adopted  by  the  Board  of  Commissioners  of  the  City  of  Fort 
Collins,  Colo.,  and  by  the  Board  of  Directors  of  the  Colorado  and 
Southern  Railway  Company. 

Mr.  Cowan  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  June  3d,  1908,  and,  in  1909,  he  was  one  of  the 
local  members  active  in  the  formation  of  the  Colorado  Association 
of  its  members. 


WILLIAM  WALLACE  FOLLETT,  M.  Am.  Soc.  C.  E.^ 


Died  December  2Sth,  1915. 


William  Wallace  Follett  was  born  in  New  Sharon,  Me.,  on  Septem- 
ber 22d,  1856,  and  was  graduated  from  the  University  of  Michigan  in 
June,  1881.  His  college  course  was  completed  on  a  minimum  of 
borrowed  money,  and  only  a  strong  will  power,  which  characterized 
all  his  life  of  hard  work,  enabled  him  to  persist  in  order  to  obtain 
his  degree. 

After  his  graduation,  Mr.  Follett  began  work  on  the  location  of  the 
New  Orleans  and  North  Eastern  Railroad,  in  the  swamps  of  Louisiana, 
where  he  had  to  lead  a  crude  existence,  combating  unpleasant  for-ces  in 
an  unwholesome  climate.  For  3  years  he  was  in  charge  of  a  "Residency" 
of  13  miles  of  grading  on  that  road.  He  next  took  charge  of  the  con- 
struction of  a  liighway  and  railroad  bridge  across  the  Red  River  for 
the  Vicksburg,  Shreveport  and  Pacific  Railroad.  Afterward,  for  the 
same  Corporation,  he  had  charge  of  the  erection  of  some  roundhouses, 
depots,  etc.,  and  also  of  field  work  in  remodeling  the  Shreveport  Yards. 
Later,  he  was  engaged  in  levee  work  and  the  study  of  rectifying  the 
channel  of  the  Red  River  below  Shreveport. 

Tn  March,  1886,  Mr.  Follett  was  employed  by  the  Atchison,  Topeka 
and  Santa  Fe  Railroad  on  topography,  and  afterward  was  placed  in 
charge  of  the  construction  on  one  of  the  divisions  of  that  line.  He 
completed  the  grading  on  two  divisions  of  15  miles  each,  and  estab- 
lished the  grade  line  on  the  Ottawa-Emporia  Division.  He  also  located 
all  except  about  16  miles  of  the  Denver-Pueblo  Line,  and  made  sur- 
veys for  the  Denver  Terminals  and  for  about  350  miles  of  preliminary 
lines  and  about  60  miles  of  location  in  Colorado. 

In  November,  1887,  Mr.  Follett  was  given  command  of  the  con- 
struction forces,  finishing  up  the  yards,  etc.,  of  the  Denver-Pueblo 
Line,  and  in  May,  1888,  he  took  charge  of  the  drafting-room  of  the 

*  Memoir  prepared  by  Stuart  Henry,  Esq. 
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Fuel  Department,  at  Topeka,  Kans.  In  1889,  he  returned  to  Denver 
and  made  topographical  surveys,  i)lans,  and  an  estimate  of  cost  for  a 
summer  resort,  the  work  for  which  was  carried  out  and  proved  success- 
ful. In  that  and  the  following  year,  he  was  with  the  United  States 
Geological  Survey  as  Division  Engineer  on  irrigation  surveys.  He 
made  the  preliminary  surveys,  maps,  plans,  and  estimates  of  cost  for 
the  "International  Dam"  and  reservoir  at  El  Paso,  Tex.,  completing 
also  the  reconnoissance  of  the  Rio  Grande  drainage,  hunting  and 
segregating  reservoir  sites. 

In  1890,  Mr.  Follett  took  up  general  engineering  work  at  Denver 
and  located  25  miles  of  a  rather  difficult  line  for  the  Perry  Park  Rail- 
road. From  1890  to  1892,  he  was  Assistant  Engineer  of  the  Artesian 
Underflow  Investigation,  United  States  Department  of  Agriculture. 
He  next  devoted  his  energies  to  general  engineering  work,  examina- 
tions, and  reports  of  irrigation  schemes,  a  design  for  a  private  water 
supply  system,  and  also  completed  extensive  mineral  surveys  in  I^ew 
Mexico. 

In  1893  he  located  a  canal  for  Col.  Nettleton  on  the  Yaqui  River. 
In  1894,  he  was  appointed  Engineer  in  charge  of  the  ''Delgany  Street 
Public  Sewer  Extension,"  in  Denver,  and  during  the  next  year  located 
a  railroad  from  Flagstaff,  Ariz.,  up  the  Grand  Canyon.  In  1896  he  was 
Consulting  Engineer  for  the  Dodge  City  (Kansas)  Irrigating  Canal, 
and  wrote  an  exhaustive  report  on  the  water  conditions  of  the  Upper 
Arkansas  River  in  Kansas. 

Mr.  Follett  was  appointed,  in  March,  1897,  Consulting  Engineer 
for  the  International  (Water)  Boundary  Commission,  United  States 
and  Mexico,  and  held  that  position  until  April,  1900,  when  he  resigned 
and  went  back  to  Denver,  whence  he  was  immediately  called  to  Topeka 
to  make  an  appraisal  of  the  water-works.  He  next  put  in  a  pipe  line, 
20  miles  long,  to  furnish  water  to  Prescott.  Ariz.,  and  also  did  work 
for  Gen.  Palmer  at  Colorado  Springs. 

He  was  re-appointed  Consulting  Engineer  for  the  International 
Boundary  Commission  on  the  Mexican  border  early  in  1902,  which 
position  he  held  until  July,  1914.  In  1906,  he  was  selected  as  Consult- 
ing Engineer  for  the  United  States  Reclamation  Service.  In  1907,  he 
had  expert  charge  of  an  irrigation  project  on  the  Pecos  River  for  the 
United  States  and  Mexico  Trust  Company.  He  made  a  hydrographic 
investigation,  in  1913,  for  the  El  Paso  and  Southwestern  Railroad,  for 
the  supply  of  water  for  its  pipe  lines  near  Carrizozo,  N.  Mex. 

In  June,  1914,  the  University  of  Michigan  conferred  on  Mr.  Follett 
the  honorary  degree  of  Master  of  Engineering  for  eminence  as  an 
irrigation  engineer  and  especially  for  his  work  on  the  Mexican  Boun- 
dary, for  no  one  could  speak  with  such  authority  as  he  on  the  subject 
of  the  equitable  distribution  of  the  waters  of  the  Rio  Grande.  At  about 
this   time   he   was    appointed    Consulting   Engineer    for    the   Elephant 
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Butte  Water  Assooiation  and  the  El  Paso  Water  Users  Association, 
whicli  together  had  plans  for  irrigating  some  185  000  acres  of  land 
under  the  Engle  Dam,  then  nearing  completion,  but  he  was  unable  to 
accept  this  position  on  account  of  ill  health. 

Mr.  Follett  delivered  many  public  addresses  in  the  West  on  irriga- 
tion, water  supplies,  and  the  rights  of  States,  different  valleys,  and 
conununities  to  the  use  of  various  western  waters.  Throughout  the 
liocky  Mountain  region  he  was  a  recognized  authority  on  this  large  and 
difficult  subject.  He  was  frequently  called  to  Washington  for  expert 
advice. 

When  Mr.  Follett  stepped  down  from  the  International  Eouudary 
Commission  on  July  1st,  1914,  his  days  had  long  been  numbered. 
Many  medical  experts  in  all  parts  of  the  country  were  consulted  as  to 
his  distressing  physical  condition,  but  with  little  avail.  ■  He  weakened 
rapidly,  and  died  at  his  home  in  El  Paso,  Tex.,  on  December  28th,  1915. 
In  July,  1915,  a  letter  to  the  writer  contained  the  following: 

"I  am  all  in,  old  Pard,  and  you  will  never  see  me  again.  How  long 
I  will  linger  I  can't  say.  I  suffer  all  the  time,  and  won't  be  at  all  sorry 
when  the  time  comes  for  me  to  go." 

Although  his  years  were  frequently  beset  with  obstacles  which 
would  have  daunted  feebler  souls,  Mr.  Follett  never  faltered  in  his 
dogged  pursuit  of  whatever  task  or  aim  was  before  him.  Blessed  with 
a  tough  physique  as  a  young  man,  he  readily  sacrificed  himself  to  any 
conditions  of  toil,  often  living  under  unsanitary  conditions  and  with 
improper  food,  as  he  whipped  himself  on  to  his  many  separate  tasks. 

These  early  hardships  and  deprivations  after  a  time  affected  his 
health,  so  that  the  last  twenty  years  of  his  busy  career  were  passed 
under  an  almost  steady  strain  of  pain,  more  or  less  acute,  while  he 
hung  on  to  his  duties  with  unflinching  courage.  The  writer  has  seen 
him  at  work  over  reports  day  after  day  with  a  big  bottle  of  ugly 
looking  medicine  standing  by  his  manuscript.  A  frequent  dose  from 
the  bottle  would  assuage  his  suffering  sufficiently  to  enable  him  to 
prosecute  his  labors. 

This  physical  and  moral  heroism  was  equalled  by  his  incorruptible 
honesty  as  to  fact  and  opinion.  He  could  not  be  bought  or  influenced. 
He  declined  many  a  promising  job,  because  he  did  not  believe  it 
served  the  truth  or  an  upright  end. 

Mr.  Follett  was  a  keen  judge  of  human  nature,  and  possessed  a 
lively  sense  of  humor.  He  would  resolutely  pass  off  most  despairing- 
situations  in  his  work  with  a  brave  jest,  and  lose  little  delay  in  regrets 
and  repining.  He  was  fond  of  chess,  and  derived  the  utmost  pleasure 
from  attending  the  theater  whenever  he  was  in  New  York  City. 

In  1888,  he  was  married  to  Helen  Jordan  at  Pueblo,  Colo.,  who, 
with  two  sons,  William  L.,  Hydrographer,  United  States  Reclamation 
Service,  at  El  Paso,  Tex.,  and  Leslie  C,  aged  sixteen,  survives  him. 
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Mr.  Follett  contributed  in  high  measure  to  the  renowii  of  the  En- 
gineering Profession.  He  had  resistless  energy,  was  relentless  in  logic, 
and  never  shirked  the  smallest  detail.  He  was  a  valuable,  courageous, 
and  public  spirited  man,  wholly  devoted  to  his  family,  and  would 
divide  his  last  crust  with  any  friend. 

Mr.  Follett  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  July  5th,  1893. 


CARL  ROBERT  GRIMM,  M.  Am.  Soc.  C.  E.* 


Died  February  15th,  1916. 


Carl  Robert  Grimm  was  born  on  May  3d,  1849,  at  Neuwied-am- 
Ehein,  Germany.  He  was  graduated  from  the  Royal  Prussian 
Gewerbeschule  in  Coblenz,  in  1869.  After  serving  in  the  Franco- 
German  War  of  1870-71,  he  entered  the  Polytechnic  School  at  Aachen, 
and  finished  his  studies  in  1875  at  the  University  of  Berlin. 

After  one  year  as  a  Locomotive  Draftsman,  Mr.  Grimm  was  en- 
gaged, in  the  service  of  the  German  Government,  at  Strassburg,  in 
working  out  designs  for  plate  girders  and  in  experimenting  on  build- 
ing materials  for  railroads. 

In  1881,  Mr.  Grimm  came  to  the  United  States  and  began  his 
career  as  a  Bridge  Engineer  as  Draftsman  with  the  Phoenix  Bridge 
Company  at  Phoenixville,  Pa.  He  was  afterward  employed  with  the 
Dominion  Bridge  Company  in  Montreal,  Que.,  Canada;  the  Wrought- 
Iron  Bridge  Company  in  Canton,  Ohio ;  and  the  Mount  Vernon  Bridge 
Company  in  Mount  Vernon,  Ohio. 

In  1890,  he  was  appointed  Engineer  with  the  Tacony  Iron  and 
Metal  Company,  of  Philadelphia,  Pa.,  and  while  in  the  service  of  this 
Company  designed  the  steel  framework  which  caps  the  tower  of 
the  City  Hall  in  Philadelphia  and  supports  the  bronze  statue  of 
William  Penn.f 

From  1895  to  1897,  Mr.  Grimm  was  employed,  as  Designing  En- 
gineer, by  the  New  Jersey  Steel  and  Iron  Company,  of  Trenton, 
]Sr.  J.,  and  from  1898  to  1901  by  the  Elmira  Bridge  Company,  Limited, 
of  Elmira,  'N.  Y.  As  Engineer  of  this  Company,  he  designed  the 
Kinzua  Viaduct  on  the  Erie  Railroad  at  Bradford,  Pa.:}:  In  1907-08, 
he  was  employed  by  the  Pennsylvania  vSteel  Company. 

In  1908,  Mr.  Grimm  came  to  New  York  City,  where  he  continued 
to  reside  until  1913,  when  he  went  to  Europe.     During  this  time,  in 

*  Memoir  prepared  by  John  C.  Trautwine,  Jr.,  Assoc.  Am.  Soc.  C.  E.,  supple- 
mented by  material  on  file  at  the  Society  House. 

t  "The  Tower  of  the  New  City  Hall  at  Philadelphia,  Pa.",  by  C.  R.  Grimm,  M. 
Am.  Soc.  C.  E.,  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXI,  p.  249. 

t  "The  Kinzua  Viaduct  of  the  Erie  Railroad  Company",  by  C.  R.  Grimm,  M.  Am. 
Soc.  C.  E.,  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLVI,  p.  21. 
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1904  and.  again,  in  1908,  he  was  in  the  service  of  Gustav  Lindenthal, 
M.  Am.  Soc.  C.  E.,  whom  he  assisted  in  the  design  of  the  Hell  Gate 
Bridge  and  other  structures  for  the  New  York  Connecting  Railway. 
He  was  also  engaged  in  literary  work,  his  book  on  "Secondary  Stresses 
in  Bridge  Trusses",  having  been  published  in  1908. 

On  his  return  to  Europe  in  1913,  Mr.  Grimm  settled  in  Paris, 
France,  where  he  was  engaged  in  consulting  work  until  1914  when  he 
went  to  Neuwied-am-Rhein,  Germany,  where  he  died  after  a  short 
illness.  He  is  survived  by  his  widow,  who  is  a  native  of  the  State 
of  Ohio. 

Of  Mr.  Grimm,  Mr.  Lindenthal  writes  as  follows: 

"He  had  a  strong  sense  of  duty  and  loyalty  to  his  work ;  he  was  ex- 
ceedingly painstaking  and  particular  in  his  method  of  work,  and  had  a 
rare  sense  of  order.  He  had  great  merit  as  a  designing  engineer,  par- 
ticularly of  structural  details,  in  which  his  ideas  were  often  original 
and  always  carefully  worked  out  to  the  last  rivet. 

"His  work  on  'Secondary  Stresses  in  Bridge  Trusses'  is  witness  of 
his  painstaking  analysis  of  theoretical  niceties  and  of  his  great  use- 
fulness in  modern  designing. 

"He  had  been  a  most  valuable  assistant  to  me,  and  I  was  sorry 
when  he  made  up  his  mind  to  withdraw  from  regular  office  work  and 
give  more  attention  to  his  personal  aifairs." 

Besides  his  papers  on  the  City  Hall  Tower  at  Philadelphia,  Pa., 
and  the  Kinzua  Viaduct,  Mr.  Grimm  also  contributed  one  entitled 
"The  Arch  Principle  in  Engineering  and  Esthetic  Aspects,  and  Its 
Application  to  Long  Spans",*  which  was  presented  before  the  Society 
on  November  2d,  1910. 

Mr.  Grimm  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  June  4th,  1890. 


FREDERICK  WILLIAM  DOANE  HOLIJROOK,  M.  Am.  Soc.  C.  E.f 


Died  April  13th,  1916. 


Frederick  William  Doane  Holbrook,  the  son  of  Edward  Ridgeway 
and  Frances  Louise  (Doane)  Holbrook,  was  born  on  Beacon  Hill, 
Boston,  Mass.,  on  January  26th,  1840.  He  was  educated  in  the  public 
schools  of  his  native  city,  taking  a  Franklin  Medal  at  the  Adams 
School,  and  the  Abbott  Lawrence  Prizes  in  French  and  mathematics 
at  the  English  High  School. 

Professionally  self-taught  in  great  measure,  Mr.  Holbrook's  educa- 
tion was  enriched  and  enlarged  through  an  intense  thirst  after  knowl- 
edge, which  led  him,  at  all  times  and  everywhere  throughout  his  life, 

*  Transactions,  Am.   Soc.   C.  E.,   Vol.   LXXI,   p.  233. 

t  Memoir  prepared  by  Prank  O.  Maxson,  M.  Am.  Soc.  C.  E. 
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to  seek  information  beyond  that  applicable  to  or  offered  by  the  work 
on  which  he  was  immediately  engaged.  He  was,  therefore,  never  at 
a  standstill,  content  with  present  attainments,  but  was  reaching  for- 
ward to  new  acquirements  in  order  that  he  might  the  better  perform 
the  duty  of  to-day  and  be  prepared  for  that  to  which  he  might  be 
called  to-morrow. 

In  consequence,  the  positions  which  he  filled  have  been  important, 
and,  in  each,  we  find  him  doing  his  work  patiently,  carefully,  earnestly, 
and  conscientiously,  faithful  always  to  the  charge  committed  to  his 
ti'ust.  The  record  of  his  services  which  follows,  covering  an  active 
professional  life  of  fifty-five  years,  is  one  in  which  he  rightfully  took 
pride. 

He  began  his  engineering  work  in  the  ofiice  of  the  late  Thomas 
Doane,  M.  Am.  Soc.  C.  E.,  a  civil  engineer  of  Boston  and  Charles- 
town,  Mass.,  and,  in  1861,  became  Assistant  Engineer  of  the  Old 
Colony  Railroad,  with  an  office  at  Eall  River,  Mass.  When  the  Civil 
War  broke  out,  he  enlisted  at  once,  and  served  with  his  regiment  until, 
his  ability  coming  to  the  notice  of  the  Secretary  of  War,  he  was,  by 
special  order  of  that  officer,  transferred  to  the  Engineering  Department 
engaged  in  the  construction  of  the  defenses  of  the  City  of  Washington. 

Resuming  the  practice  of  his  profession  on  his  discharge  in  1SG5, 
Mr.  Holbrook  was  employed  as  Resident  Engineer  at  the  east  end  of 
the  Hoosac  Tunnel  for  two  years,  when  he  became  Division  Engineer 
of  the  Lebanon  Springs  Railroad  in  Vermont  in  1867,  of  the  Burling- 
ton and  Missouri  Railroad  in  Iowa  in  1868,  and  Assistant  Chief  Engi- 
neer and  Superintendent  of  the  latter  road  in  1869,  continuing  as  such 
until  1874,  when  he  was  appointed  City  Engineer  of  Plattsmouth,  Nebr. 

Recalled  to  the  East,  he  served  as  Division  Engineer  of  the  Troy, 
Greenfield  and  Hoosac  Tunnel  Line,  with  an  office  at  Shelburne  Falls, 
Mass.,  in  1875-76.  He  was  then  appointed  Assistant  Engineer  of  the 
Boston  Water- Works,  at  Framingham,  Mass.,  a  position  which  he  filled 
from  1876  to  1879. 

Returning  to  the  West,  Mr.  Holbrook  was  employed  from  1879  to 
1888  on  the  ISTorthern  Pacific  Railroad,  as  follows :  as  Principal  Assist- 
ant Engineer,  at  Mandan,  N.  Dak.,  in  1879-80;  as  Locating  Engineer, 
1880-81;  as  Division  Engineer,  Wisconsin  Division,  Superior,  Wis., 
1881-84;  as  Lease  Agent,  St.  Paul,  Minn.,  1884-86;  and  as  Division 
Superintendent,  Yellowstone  Division,  Glendive,  Mont.,  1886-88. 

The  farther  West  called  him,  however,  and,  in  1888-89,  he  was 
employed  as  Principal  Assistant  of  the  Seattle,  Lake  Shore  and  Eastern 
Railway  and  S.  E.  Construction  Co.,  at  Seattle,  Wash.,  becoming 
Manager  of  the  railroad  in  1889-90.  Afterward,  he  served  for  two  years 
as  Secretary  of  the  Board  of  Public  Works  of  the  City  of  Seattle, 
Wash. 
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On  December  5th,  1892,  Mr.  Holbrook  entered  the  Government 
Service  at  the  Puget  Sound  Naval  Station  as  Principal  Civilian 
Assistant,  and  continued  his  work  as  such  during  the  ensuing  twenty- 
three  years,  during  which  time  the  Station  developed  from  a  wil- 
derness to  a  fully  equipped  Navy  Yard,  with  piers,  dry  docks,  shops, 
water-works,  and  all  other  appliances,  second  to  none.  From  1898 
to  1903,  he  was  in  charge  of  all  engineering  work  at  the  Station,  and 
from  1899  to  1901  was  Acting  Head  of  Department,  and,  as  such, 
planned  and  constructed  the  improvements  of  those  years. 

During  the  later  years  of  his  life,  Mr.  Holbrook's  health  seriously 
declined,  mainly  through  an  accident  received  while  on  duty  at  the 
Navy  Yard,  but  his  indomitable  will  and  nervous  energy  kept  him 
steadily  at  work,  performing  his  duty  as  if  there  was  no  such  thing 
as  failing  bodily  strength.  Retaining  in  full  power  his  mental  vigor, 
he  labored  with  all  the  push  of  youth  in  the  accomplishment  of 
work  given  him  to  do,  and  it  was  only  a  few  weeks  before  his  death 
that  he  felt  compelled  to  resign  the  position  he  had  filled  so  long 
and  so  acceptably,  because  he  could  no  longer  make  his  enfeebled 
body  obey  his  will. 

The  writer's  intercourse  with  Mr.  Holbrook  during  the  time  that 
they  were  together  at  the  Puget  Sound  Naval  Station — somewhat  more 
than  a  year — was  rather  that  of  friend  with  friend  than  of  principal 
and  subordinate.  He  was  an  older  man  than  the  writer,  with  broader 
experience  and  knowledge,  and  was  unfailing  in  devotion  to  duty,  ever 
ready  to  undertake  and  perform,  capable,  intelligent,  and  faithful. 
Given  something  to  do,  he  did  it,  without  watching,  without  urging. 
He  made  each  job  his  own,  to  be  done  in  the  best  way,  in  the  least  time, 
and  at  the  least  expense,  considering  the  end  in  view  in  its  perfor- 
mance. It  is  no  wonder  then  that  he  was  relied  on,  trusted,  and 
believed  in  by  every  one  with  whom  he  had  to  do,  whether  employer 
or  employed.  From  their  first  meeting  the  writer  can  recall  no  time 
when  there  was  a  veil  of  formality  between  Mr.  Holbrook  and  himself. 
The  work  proposed,  planned  or  ordered,  was  talked  over  as  those 
discuss  subjects  in  which  they  are  mutually  interested,  and  so  the 
friendly  official  association  soon  extended  to  personal  matters,  and 
there  grew  that  happy  sense  of  fellowship  which  the  passing  years 
left  unbroken.  The  writer  feels  assured  that  his  experience  has  been 
that  of  every  one  who  knew  Mr.  Holbrook;  that  everybody  who  met 
him,  in  public  or  in  private,  found  him  a  Man. 

On  Mr.  Holbrook's  seventy-sixth  birthday,  on  January  26thj  1916, 
which  was  also  the  birthday  of  his  wife,  the  office  force  of  the  Puget 
Sound  Navy  Yard,  Department  of  Public  Works,  in  which  he  had  been 
continuously  employed  since  December  5th,  1892,  until  his  resigna- 
tion a  few  days  previous,  on  account  of  ill-health,  sent  him  a  large 
box  of  beautiful  flowers,  and  with  it  a  letter  signed  by  officers  and 
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men  alike,  embodying  a  very  flattering  address  concerning  his  services 
in  the  past,  and  their  best  wishes  for  his  future  happiness  and  health. 
This  genuine  exi^ression  of  good  will  and  appreciation  touched  Mr. 
Holbrook's  heart,  and,  in  a  letter  to  the  writer,  after  reference  to  this 
incident,  and  after  stating  his  endeavor  always  to  assist  all  who  came 
to  him,  he  continued: 

"I  recognize  that  the  only  permanent  satisfaction  obtained  in  life 
is  that  due  to  helping  others  even  in  small  matters,  and  also  how  little 
it  takes  to  gratify  both  those  of  tender  years,  and  the  aged,  who  are 
so  often  neglected." 

And  this  satisfaction  Mr.  Holbrook  deserved  and  received. 

Mr.  Holbrook  was  a  charter  member  of  the  Pacific  ISTorthwest  Society 
of  Engineers;  a  member  of  John  F.  Miller  Post,  G.  A.  R. ;  of  St. 
John's  Lodge,  ISTo.  9,  F.  and  A.  M.;  of  Seattle  Chapter  No.  3,  Royal 
Arch  Masons;  and  of  Seattle  Commandery,  Knights  Templar.  He 
belonged  to  the  Old  School  Boys  Association  of  Boston,  Mass.,  and 
was  eligible  for  membership  in  the  Sons  of  the  American  Revolution. 
His  funeral  was  held  under  the  auspices  of  the  Masonic  Fraternity. 

He  was  married  to  Miss  Nellie  J.  Barker,  at  Medford,  Mass.,  on 
August  14th,  1862,  and  is  survived  by  his  wife,  two  sons,  Paul  and 
Fred.  P.,  and  by  a  daughter,  Jennie,  all  of  Seattle,  Wash. 

Mr.  Holbrook  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  October  6th,  1886. 


WILLIAM  EDWIN  HOYT,  M.  Am.  Soc.  C.  E.* 


Died  April  2d,  1916. 


William  Edwin  Hoyt,  son  of  Alfred  Metcalf  and  Harriet  Fabyan 
Hoyt,  was  born  in  Portsmouth,  N.  H.,  on  July  3d,  1845.  He  was  fitted 
for  college  at  Phillips  Exeter  Academy,  and  was  admitted  in  1865. 
Becoming  dissatisfied  with  a  strictly  classical  collegiate  course,  how- 
ever, he  left  at  the  end  of  his  Sophomore  year  and  entered  the  Massa- 
chusetts Institute  of  Technology,  where  he  continued  his  engineering 
studies  through  the  regular  course,  and  was  graduated  in  June,  1868, 
with  the  degree  of  Bachelor  of  Science  in  Civil  Engineering. 

Mr.  Hoyt  had  his  first  experience  in  professional  work  several  years 
before  he  began  his  studies  at  the  Institute.  During  his  summer 
vacations,  while  at  the  Academy  and  in  college,  he  was  employed  on  the 
Government  fortifications  which  were  then  building  at  the  entrance 
6i  Portsmouth  Harbor,  his  father  having  charge  of  this  work  under 
Col.  J.  N.  McConib,  of  the  United  States  Army  Engineer  Corps.    For 

*  Memoir  prepared  by  George  W.  Kittredge,  M.  Am.  Soc.  C.  E.,  and  others  con- 
nected with;  the  New  York  Central  Railroad  Company.  owoh    liJ  !..  iifiiOrt 
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the  protection  of  the  harbor  and  adjoining  coast,  three  forts  wero  bviilt, 
Fort  Constitution,  Fort  McClary,  and  another  extensive  earthwork 
on  the  east  side  of  the  Piscataqua  River,  and  the  experience  gained 
in  this  work  of  massive  construction  was  of  great  value  to  the  young 
engineer. 

Mr.  Hoyt's  connection  with  railroad  work  began  in  1868,  on  the 
Chicago,  Burlington  and  Quincy  Railroad,  where  he  was  employed 
for  a  considerable  time  in  making  surveys  for  branch  lines.  After- 
ward, he  was  sent  to  take  charge  of  building  an  important  extension 
in  Iowa.  On  its  completion  he  returned  to  Illinois  and  built  two 
divisions  of  the  Dixon,  Peoria  and  Hannibal  Railroad,  a  subsidiary 
of  the  Burlington.  Mr.  Hoyt  was  then  engaged  for  some  time  in  the 
examination  and  inspection  of  new  railroads  which  had  been  built  for 
the  Chicago,  Burlington  and  Quincy  Railroad  in  Illinois  and  Iowa. 

In  1873,  at  the  time  when  activity  in  railroad  building  had  in  some 
degree  abated,  Mr.  Hoyt  went  to  Europe  in  order  to  familiarize  him- 
self with  English  and  Continental  engineering  practice  and  study 
the  best  examples  of  engineering  work  abroad.  Considerable  time  was 
spent  in  England.  Austria,  Switzerland,  Italy,  and  France,  especially 
in  the  mountainous  districts,  where  railroad  building  had  been  attended 
with  unusual  difficulties  on  accoimt  of  great  natural  obstacles. 

After  gaining  valuable  knowledge  and  experience  in  this  manner, 
he  returned  to  the  United  States  and  established  himself  as  a  Civil 
and  Consulting  Engineer  in  Boston,  Mass.  He  soon  received  an 
offer  from  the  Massachusetts  Institute  of  Technology  to  devote  part 
of  his  time  to  the  instruction  of  students  of  the  Engineering  School, 
and  the  Departments  of  Field  Engineering  and  of  Bridge  and  Roof 
Construction  were  put  into  his  hands.  In  addition  to  the  regular 
outside  work  of  his  office,  Mr.  Hoyt  superintended  these  Departments 
of  the  Institute  for  several  years,  until  other  matters  demanded  his 
attention  away  from  Boston,  and  he  was  obliged  to  devote  himself 
to  more  active  occupation. 

In  1880,  Mr.  Hoyt  was  employed  to  inspect  railroads  in  Canada  in 
the  interest  of  Eastern  capitalists,  and,  subsequently,  he  entered  the 
services  of  the  Lake  Erie  and  Western  Railroad  as  Locating  Engineer 
of  its  contemplated  branch  from  the  main  line  to  St.  Louis,  Mo. 

Early  in  the  spring  of  1881,  before  the  Lake  Erie  and  Western 
surveys  were  completed,  Mr.  Hoyt  was  appointed  Chief  Engineer  of 
the  Buffalo,  Rochester  and  Pittsburgh  Railway  Company,  in  charge 
of  construction  and  maintenance,  and  this  position  he  held  for  almost 
twenty  years.  Under  his  administration,  important  extensions  of 
the  road  in  New  York  State  and  in  Pennsylvania  were  surveyed  and 
built,  increasing  its  length  more  than  threefold,  with  a  corresponding 
gain  in  carrying  capacity  and  earning  power. 
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In  1900  Mr.  Hoyt  entered  the  service  of  the  New  York  Central 
and  Hudson  River  Railroad  Company  to  take  important  assignments 
in  the  Engineering  Department. 

In  1901,  he  was  sent  by  the  National  City  Bank  to  Mexico  to 
study  the  railway  systems  and  make  a  detailed  report  on  their  con- 
dition, their  capacity,  and  their  prospects. 

In  1905,  he  was  sent  to  the  International  Railway  Congress  in 
Europe  as  an  official  representative  of  the  New  York  Central  Lines, 
and  made  an  extended  contribution  to  the  discussion  of  that  body. 

During  Mr.  Hoyt's  connection  with  the  New  York  Central  Railroad 
in  his  later  years,  he  occupied  a  unique  position.  His  thorough 
knowledge  of  railroad  affairs  and  his  broad  and  comprehensive  treat- 
ment of  his  subject  made  him  a  particularly  valuable  expert  witness 
for  the  Company  in  any  matters  involving  its  relations,  not  only  with 
municipalities,  but  with  State  and  Government  commissions.  His 
grasp  of  detail  and  his  accuracy  were  remarkable  for  a  man  of  his 
advanced  age. 

Mr.  Hoyt  served  as  Health  Commissioner  of  Rochester,  N.  Y., 
from  1892  to  1897.  He  was  a  member  of  the  American  Railway  Engi- 
neering Association,  the  Society  of  Colonial  Wars,  and  the  National 
Geographic  Society.  In  Rochester,  he  was  a  member  of  the  Genesee 
Valley  Club,  the  Country  Club,  and  the  Fortnightly  Club,  and,  in 
New  York  City,  of  the  Transportation  Club. 

In  1876,  Mr.  Hoyt  was  married  to  Susan  Rogers  White,  of  Boston, 
Mass.,  who,  with  two  children,  Dr.  C.  Wentworth  Hoyt  and  Mrs.  C. 
Henry  Mason,  both  of  Rochester,  N.  Y.,  survives  him. 

Mr.  Hoyt  had  a  host  of  friends  and  few  enemies.  He  was  a  man 
of  extraordinary  personality,  combining  a  hearty  geniality  with  an 
inborn  sense  of  personal  dignity.  His  sense  of  humor  was  a  delight 
to  his  friends;  and  his  counsel  was  much  sought. 

His  eager,  reverend  curiosity  concerning  life  and  its  meaning 
and  possibilities,  which  grew  in  his  mind  with  the  passing  years;  his 
candor  of  spirit,  which  came  to  shine  ever  whiter  and  clearer  as 
that  spirit  found  refinement  by  life's  experience,  and  truth  came  ever 
to  be  more  loved  and  error  to  be  more  despised;  the  integrity  of 
character  which  the  long  years  of  honest-mindedness  and  faithful 
work  developed;  and  his  wealth  of  friendliness,  which  accumulated 
with  the  growing  knowledge  of  the  years,  justly  earned  for  him  his 
enviable  reputation. 

In  every  aspect  of  his  vigorous  and  useful  life  Mr.  Hoyt  gave  the 
utmost  of  those  sterling  qualities  which  formed  his  remarkable  per- 
sonality. 

Mr.  Hoyt  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers,  on  March  5th,  1884. 
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JOHN  HOWARD  JOHNSTON,  M.  Am.  Soc.  C.  E.* 


Died  May  8th,  1913. 


John  Howard  Johnston  died  suddenly  in  Lima,  Peru,  on  May  8th, 
1913,  at  the  age  of  about  63.  Born  in  America,  he  served,  as  a  boy, 
in  the  Civil  War.  Subsequently,  he  entered  the  Scientific  Department 
of  Dartmouth  College,  from  which  he  was  graduated  in  the  Class 
of  1870. 

In  September,  1870,  he  was  engaged  on  the  construction  of  the 
Westfield  and  Holyoke  Eailroad,  of  Massachusetts,  and  afterward 
served  as  Draftsman  with  the  Hartford  and  Saybrook,  or  Connecticut 
Valley,  Eailroad. 

In  March,  1871,  Mr.  Johnston  went  to  Peru,  where  he  was  employed 
on  the  location  and  construction  of  several  railroads,  among  which 
were  the  Arequipa  and  Puno  Railway,  the  Jaliaca  and  Cuzco  Railway, 
the  Lima  and  Oroya  Railway,  etc. 

A  few  years  after  his  arrival  in  Peru,  Mr.  Johnston  entered  into 
partnership  with  the  late  Mr.  Jacob  Backus  and  started  the  Backus 
and  Johnston  Brewery  at  Lima.  This  business  proved  a  great  success, 
and  about  1890  was  sold  to  an  English  Company. 

Being  full  of  energy,  Mr.  Johnston  was  not  satisfied  to  retire  from 
business,  and  he  and  Mr.  Backus  began  mining  and  concentrating  at 
Casapalca,  Peru,  about  14  000  ft.  above  sea  level.  At  that  time,  as 
the  railroad  did  not  reach  Casapalca,  all  the  machinery  for  the  plant 
had  to  be  transported  by  mule.  It  was  work  of  this  arduous  kind 
which  especially  appealed  to  Mr.  Johnston. 

After  six  years,  having  developed  his  mining  and  smelting  interests 
there  into  a  profitable  business  in  which  he  still  retained  his  interest, 
he  left  Casapalca  and  retired  to  Southern  France.  Automobiling  was 
then  in  its  infancy,  and  motoring  became  Mr.  Johnston's  principal 
hobby.    He  was  the  inventor  of  the  Xenia  carbureter. 

Mr.  Johnston  spent  several  years  between  Paris  and  his  villa  at 
Cimiez,  but,  in  1909,  his  restlessness  took  him  again  to  Peru.  He 
constructed  at  Casapalca  a  modern  smelter  which  now  produces  8  000 
tons  of  copper  and  3  000  000  oz.  of  silver  annually.  He  became  so 
interested  in  his  work  there  that  for  three  years  he  never  left  the  place. 
At  his  age,  the  high  altitude  eventually  undermined  even  his  iron 
constitution,  for,  after  an  apparently  slight  illness,  he  went  down 
to  Lima  where  he  died  on  May  8th,  1913,  quite  suddenly,  in  his  sleep. 

Mr.  Johnston's  energy  and  genial  manner  endeared  him  to  all 
who  came  in  contact  with  him,  and  few  foreigners  in  Peru  have  been 
more  respected  and  admired  by  the  Peruvians. 

•  Memoir  prepared  by  Henry  Cachard,  Esq.,  Paris,  France. 
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He  introduced  two  industries  in  Peru — brewing  and  smelting — and, 
in  spite  of  the  natural  difficulties  of  the  country,  he  made  a  great 
success  of  both. 

Mr.  Johnston  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  March  1st,  1870. 


HENRY  COATHUPE  MAIS,  M.  Am,  Soc.  C.  E.* 


Died  February  25th,  1916. 


Henry  Coathupe  Mais  was  born  at  Westbury-on-Trym,  near  Clifton, 
England,  in  1827.  He  was  educated  at  a  private  school  in  Bath  and  at 
the  Bristol  and  Bishop's  Colleges,  respectively,  at  Bristol,  England, 
and  completed  his  studies  under  the  tutorship  of  Mr.  John  Exley,  of 
Cambridge,  England. 

In  1844,  Mr.  Mais  was  articled  as  a  pupil  to  Mr.  William  Michael 
Penistone,  one  of  the  Chief  Engineers  under  Sir  I.  K.  Brunei,  during 
the  completion  of  the  Bristol  and  Exeter  Railway,  and,  subsequently, 
on  the  surveys  and  construction  of  the  Wilts,  Somerset,  and  Weymouth 
Railways.  On  this  work  Mr.  Mais  had  every  opportunity  of  gaining 
a  thorough  knowledge  and  training  in  the  principles  and  practice  of 
railway  location  and  construction.  After  completing  his  articles  he 
went  to  Birmingham  where  he  spent  18  months  in  the  Engineering 
Department  of  the  Broad  Street  Foundry. 

In  June,  1850,  Mr.  Mais,  with  the  proprietor  of  the  Broad  Street 
Foundry,  purchased  a  large  assortment  of  engineering  tools,  patterns, 
and  machinery,  and  went  to  Sydney,  New  South  Wales,  Australia,  with 
the  intention  of  establishing  an  engineering  and  manufacturing  busi- 
ness there,  but  the  discovery  of  gold  on  the  Turon  River  and  at  other 
localities,  almost  immediately  after  their  arrival  in  that  country,  un- 
settled business  to  such  an  extent  that  they  were  compelled  to  abandon 
their  original  intentions. 

In  1851,  Mr.  Mais  accepted  the  position  of  Engineer  to  the  Sydney 
Railway  Company  which  had  been  formed  to  construct  the  line  from 
Sydney  to  Parramatta.  He  held  this  position  for  18  months  and  then 
entered  the  service  of  the  City  Commissioners  as  one  of  the  Assistant 
Engineers  where  he  remained  until  1856,  when  he  joined  the  late 
E.  D.  Nicolle,  in  a  manufacturing  and  general  engineering  business  in 
Sydney,  and  carried  out  some  extensive  mechanical  work,  among  which 
was  the  erection  of  the  first  hardwood  sawmills  at  Ourimbah,  near 
Gosford,  New  South  Wales. 

In  June,  1858,  Mr.  Mais  went  to  Victoria  where  he  was  engaged  as 
Engineer  and  Manager  for  Cornish  and  Bruce,  the  Contractors  for  the 

*  Memoir  prepared  by  the  Secretary  from  material  on  file  at  the  Society  House. 
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ct)iistructioii  of  the  Melbourne  to  Bendigo  Railway,  first  on  Sections 
•2  and  o,  and,  subsequently,  on  Sections  4,  5,  and  G,  which  were  com- 
pleted in  1802. 

He  was  then  appointed  Engineer  and  Manager  of  the  Melbourne 
and  Suburban,  and  of  the  Brighton  Railway  Companies,  the  lines  of 
which  extended  from  Melbourne  to  Hawthorn  and  Brighton  Beach, 
respectively.  He  retained  this  position  until  June,  1866,  when  these 
companies  and  the  Hobsons  Bay  Railway  Company  were  amalgamated, 
and  the  whole  system  became  the  property  of  the  State. 

In  1865,  Mr.  Mais  had  been  appointed  by  the  Victorian  Government 
as  a  member  of  a  Board  of  Inquiry  to  investigate  matters  connected 
with  building  contracts  for  the  Ivew  and  Ararat  Lunatic  Asylums,  and 
also  as  a  member  of  a  Board  of  Experts  to  examine  into  and  report  on 
the  value  of  private  wharf  frontages,  buildings,  etc.,  on  .the  north  bank 
of  the  River  Yarra,  with  the  view  of  the  purchase  of  these  properties 
by  the  Government.  He  was  also  one  of  three  engineers  appointed  by 
the  Tasmanian  Government  to  examine  and  report  on  the  construction 
of  the  main  line  railway  between  Launceston  and  Hobart,  which  report 
was  to  enable  that  Government  to  ascertain  whether  the  Railway  Com- 
pany in  question  had  carried  out  its  undertaking  in  a  manner  such  as 
would  entitle  it  to  payment  of  interest  guaranteed  by  the  Government. 

In  1866  Mr.  Mais  entered  the  Victorian  Water  Supply  Department, 
where  he  remained  until  April,  1867,  when  he  accepted  the  position  of 
Engineer-in-Chief  of  South  Australia,  an  office  which  he  held  con- 
tinuously for  21  years  until  he  resigned  in  1888.  During  these  years, 
in  addition  to  this  position,  Mr.  Mais  held  the  following  appointments: 
General  Manager  of  Railways,  including  charge  of  the  Maintenance 
and  Locomotive  Departments,  from  1867  to  1879;  Engineer  of  Waters 
Works  from  1867  to  1878 ;  and  Engineer  of  Harbors  from  1880  to  1888. 
He  also  constructed  1  473  miles  of  railway ;  8  000  lin.  ft.  of  wharves 
and  jetties;  built  several  first  and  second-order  lighthouses;  erected 
the  fortifications  at  Glanville  and  Largs  Bay,  Port  Adelaide;  and  had 
general  charge  of  public  works  and  roads  outside  District  Councils, 
involving  altogether  an  expenditure  of  £10  500  000.  He  had  also  served 
as  a  Justice  of  the  Peace  for  South  Australia  for  more  than  34  years. 

In  December,  1882,  under  the  direction  of  the  Government  of  South 
Australia,  Mr.  Mais  made  a  tour  around  the  world,  which  extended 
over  nine  months,  visiting  Ceylon,  Italy,  Switzerland.  France,  Great 
Britain,  and  the  United  States,  and  returning  to  Sydney  via  San  Fran- 
cisco, Cal.  On  his  return  in  1883,  he  embodied  his  observations  in  a 
report  which  was  published  and  laid  before  Parliament,  and  for  which 
he  was  granted  a  special  sum  of  £815. 

On  his  retirement  from  the  office  of  Engineer-in-Chief  of  South 
Australia  in  1888,  Mr.  Mais  returned  to  Melbourne  and  engaged  in 
private  practice  as  a   Consulting  Engineer  and  Arbitrator,   in  which 
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latter  capacity  he  acted  in  important  disputes  between  railway  con- 
tractors and  the  Governments  of  Victoria,  New  South  Wales,  Queens- 
land, and  Tasmania,  respectively.  In  1891,  he  was  offered  the  position 
of  Engineer-in-Chief  of  West  Australia,  but  declined,  in  order  to 
continue  his  consulting  practice. 

Among  the  works  carried  out  by  Mr.  Mais  were  the  following:  In- 
specting private  railway  lines  in  South  Australia;  designing  and  erect- 
ing a  hydraulic  sluicing  plant  for  gold  mining;  from  1895  to  1897, 
Inspecting  and  Consulting  Engineer  in  Victoria  for  extensive  gold 
milling  and  mining  machinery  for  West  Australia;  and  from  1900  to 
1902  as  Consulting  Engineer  for  the  Charlotte  Plains  Electric  Trans- 
mission Company,  the  New  Havillah,  Charlotte  Plains,  and  Junction 
Deep  Leads  of  the  Victoria  Gold  Mines,  on  the  erection  of  extensive 
steam  and  electrical  machinery  for  power  purposes.  In  1902,  he  was 
appointed  and  served  as  a  member  of  a  Committee  to  test  and  report 
on  the  merits  of  certain  locomotive  spark-arresting  appliances  for  the 
Victorian  Government. 

In  1912,  after  having  been  in  active  practice  in  Melbourne,  Vic- 
toria, as  a  Consulting  Engineer  for  nearly  25  years,  Mr.  Mais,  owing 
to  ill-health,  retired  to  his  home  in  South  Yarra,  Melbourne,  where  he 
died  on  February  25th,  1916. 

He  was  elected  a  Member  of  the  Society  of  Engineers,  London,  in 
1873,  and  a  Member  of  the  Institution  of  Civil  Engineers,  London,  in 
1879,  having  held  the  position  of  Chairman  of  the  Victorian  Advisory 
Committee  of  that  Society  since  1890.  He  was  also  a  Member  of  the 
Institution  of  Mechanical  Engineers  of  London,  England. 

Mr.  Mais  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  June  6th,  1883. 


CHARLES  HENRY  PRESTON,  M.  Am.  Soc.  C.  E.* 


Died  April  20th,  1916. 


Charles  Henry  Preston,  the  second  son  of  Aaron  Lee  and  Susan  M. 
Preston,  was  born  on  Bundy  Hill,  Lisbon,  Conn.,  on  September  12th, 
1852. 

At  an  early  age  Mr.  Preston  showed  a  liking  for  mechanics,  and  began 
his  career  with  the  Greeneville  Mills  at  Norwich,  Conn.,  working  as  a 
millwright  apprentice.  While  thus  engaged  he  took  up  the  study  of 
architecture,  later  completing  a  course  at  the  Northwestern  University, 
in  Chicago,  111. 

During  his  career,  Mr.  Preston  designed  and  supervised  the  building 
of  many  of  the  larger  private  and  public  buildings,  besides  some  of 
the  most  important  mills,  in  the  New  England  and  Middle  States. 
*  Memoir  prepared  by  Charles  B.  Elwell,  M.  Am.  Soc.  C.  E. 
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Mr.  Preston  was  not  only  a  giant  in  stature,  but  a  big  man  in  every 
sense  of  the  word.  He  was  an  optimist  of  the  most  pronounced  type 
and,  being  blessed  with  a  kind  and  sympathetic  nature,  won  a  host 
of  admiring  friends  who  will  miss  the  hearty  greeting  which  was 
familiar  to  all  who  knew  him. 

Besides  being  a  member  of  many  fraternities,  he  belonged  to  the 
Putnam  Phalanx  (a  military  order)  and  was  a  Thirty-second  Degree 
Mason.  He  was  also  a  member  of  the  American  Association  of 
Architectural  Engineers. 

Mr.  Preston  had  been  working  unusually  hard,  and  was  suffering 
from  nervous  exhaustion  when  he  contracted  the  grippe;  this  was 
followed  by  inflammatory  rheumatism,  making  a  combination  which 
even  his  strong  constitution  could  not  withstand,  and  he  died  at  his 
home  in  Norwich,  Conn.,  on  April  20th,  1916,  after  an  illness  of  three 
weeks. 

He  is  survived  by  his  wife  and  one  son,  Charles  H.  Preston,  Jr., 
M.  Am.  Soc.  C.  E.,  who  is  a  prominent  civil  engineer  of  Waterbury, 
Conn. 

Mr.  Preston  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  5th.  1909. 


JAMES  VINCENT  ROCKWELL,  M.  Am.  Soc.  C.  E. 


Died  May  24th,  1916. 


James  Vincent  Kockwell,  son  of  the  late  Col.  James  Vincent  Rock- 
well, U.  S.  A.,  and  Eckley  West  Rockwell,  was  born  in  Prince- 
ton, Ind.,  on  September  22dy  1877.  He  spent  his  boyhood  at 
the  various  army  posts  to  which  his  father  was  assigned,  and, 
like  most  sons  of  officers,  could  hardly  be  said  to  have  had  a  home 
ill  the  ordinary  sense  of  the  word,  as  applied  to  a  definite  locality. 
He  was  prepared  for  college  at  the  Troy  Academy,  Troy,  IST.  Y.,  and 
on  his  completion  of  the  course  in  1894,  he  entered  Rensselaer  Poly- 
technic Institute,  from  which  he  was  graduated,  in  1898,  with  the 
degree  of  Civil  Engineer.  In  his  preparatory  work,  as  well  as  at 
Rensselaer,  he  stood  first  in  his  class. 

Born  in  the  service,  and  reared  under  the  influence  of  service  con- 
ditions, Mr.  Rockwell  found  it  impossible  to  deny  the  call  in  his  blood 
when  w^ar  with  Spain  broke  out,  in  the  spring  of  his  graduating  year. 
He  enlisted  as  a  private  of  volunteers  on  May  2d,  1898,  deliberately 
sacrificing,  as  he  then  thought,  the  3^  years  of  college  work  and  his 
future  professional  career  as  an  engineer.  On  July  1st,  1898,  Mr. 
Rockwell  was  discharged  from  the  service  with  the  volunteer  troops, 

*  Memoir  prepared  by  Leonard  M.  Cox,  M.  Am.  Soc.  C.  E. 
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in  order  to  accept  an  appointment  as  Assistant  Engineer  in  the  Navy, 
with  the  rank  of  Ensign,  and  took  the  oath  of  office  under  this  appoint- 
ment on  Jiily  2d,  1898.  He  was  permitted  to  return  to  Kensselaer 
Polytechnic  Institute  for  graduation  with  his  class,  of  which  he  was 
President,  and  was  distinguished  as  honor  man  by  having  his  diploma 
held  until  all  the  others  had  been  delivered.  A  number  of  his  class 
had  enlisted  for  the  war,  and  could  not  be  present  at  Commencement. 
The  Board  of  Trustees  delivered  the  diplomas  of  the  absentees  to  Mr. 
Pockwell,  with  the  statement  that  they  knew  of  none  more  worthy  to 
receive  them.  -i^jiA  • 

Mr.  Kockwell  served  at  the  Navy  Yard,  New  York,  and  the  Navy 
Yard,  Norfolk,  Va.,  during  the  summer  and  fall  of  1898,  and  wa^ 
honorably  discharged  from  the  Naval  Service  in  February,  1899.  He 
then  accepted  a  position  as  Assistant  Engineer  with  the  Chicago  and 
Northwestern  Eailroad,  and  continued  in  the  service  of  that  Company 
until  July,  1.903,  rising  steadily  in  the  ranks  of  its  Engineering  StaflF, 
and  enjoyiiig  the  esteem  of  his  superiors. 

The  first  competitive  examination  for  commission  as  Assistant 
C^ivil  Engineer,  United  States  Navy,  under  the  law  authorizing  the 
grade,  was  held  at  the  Navy  Yard,  New  York,  in  June,  1903.  Mr. 
Rockwell's  Navy  Yard  service  during  the  Spanish  War  had  attracted 
the  attention,  of  Rear-Admiral  Endicott,  U.  S.  N.,  Past-President, 
Am.  Soc.  C.  E'.,  at  that  time  Chief  of  the  Bureau  of  Yards  and  Docks, 
and  it  was  on  the  suggestion  of  that  officer  that  he  entered  this 
examination  as  one  of  the  large  number  of  applicants.  The  ordeal  was 
most  severe  and  consumed  the  better  part  of  two  weeks,  covering  prac- 
tically the  entire  scope  of  the  standard  technical  course,  as  well  as 
practical  design  and  Construction  of  the  types  of  structure  with  which 
the  maritime  engineer  has  to  do.  Mr.  Rockwell  stood  first  in  this 
examination  and  was  commissioned  Assistant  Civil  Engineer,  U.  S.  N., 
with  the  rank  of  Lieutenant  (Junior  Grade),  on  June  27th,  1903.  His' 
first  duty  was  at  the  Navy  Yard,  Boston,  Mass.,  where  he  was  stationed 
from  July  27th  to  September  3d,  1903. 

From  September  8th,  1903,  to  October  28th,  1904,  he  was  at  the 
Naval  Academy,  Aiinapolis,  Md.,  where  he  served  as  Resident  Engi- 
neer on  the  construction  of  the  new  Academy  buildings,  and  as  In- 
structor in  Mathematics  and  Physics.  From  October  29th,  1904,  to 
July  24th,  1906,  he  was  on  duty  at  the  Naval  Station,  San  Juan, 
Porto  Rico,  where  he  was  married  in  July,  1906,  to  Miss  Isabel 
Romero.  From  August  15th,  1906,  to  July  25th,  1909,  he  was  stationed 
at  the  Mare  Island  Navy  Yard,  as  Senior  Assistant  to  the  Public  Works 
Officer,  Civil  Engine6r  H.  H.  Rousseau,  U.  S.  N,,  M.  Am.  Soc.  C.  E., 
and  on  the  appointment  of  that  officer  as  Chief  of  the  Bureau  of  Yards 
and  Docks,  Mr.  Rockwell  was  left  in  charge  for  one  year,  an  unusual 
mark  of  confidence  in  an  officer  of  his  age  and  length  of  service. 
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From  August  2d.  1909,  to  January  25th,  1910,  he  was  on  duty  at 
tlie  works  of  the.  General  Electric  Company,  Schenectady,  N.  Y., 
inspecting  electrical  equipment  for  use  by  the  Government.  From 
February  1st,  1910,  to  March  23d,  1911,  he  was  stationed  at  the  NaA-y 
Yard,  New  York,  as  Senior  Assistant  to  the  Public  Works  Officer. 
From  March  28th,  1911,  to  January  20th,  1913,  he  was  on  duty  at 
the  Navy  Yard,  Charleston,  S.  C,  as  Public  Works  Officer  of  the 
station.  During  this  duty,  he  designed  the  concrete  wharf  and  sea-wall 
which  has  recently  been  completed,  a  structure  supported  on  pile- 
founded  piers,  built  within  a  steel  cylindrical  coffer-dam,  and 
involving  difficult  engineering  problems.  From  January  25th,  1913, 
to  April  20th,  1915,  he  was  on  duty  at  the  Bureau  of  Yards  and  Docks, 
Washington,  D.  C,  where  he  had  charge  of  requisitions  and  certain 
of  the  contract  work. 

From  April  30th  to  July  15th,  1915,  Mr.  Eockwell  served  as  Senior 
Assistant  to  the  Public  Works  Officer,  Navy  Yard,  New  York,  and  from 
July  21st,  1915,  to  May  24th,  1916,  he  was  on  duty  at  the  United  States 
Aeronautic  Station,  Pensacola,  Fla.  Upon  reporting  he  found  him- 
self in  the  position  of  Planning  Superintendent  for  the  entire  station, 
but  despite  the  arduous  duties  involved  thereby,  he  formed  the  con- 
viction that  all  officers  on  duty  at  the  Navy's  only  flying  station  should 
qualify  as  pilots,  and,  acting  on  this  conviction,  he  immediately  ap- 
plied for  flying  work.  He  had  completed  the  course  of  instruction 
and  on  May  24th,  1916,  was  undergoing  one  of  the  prescribed  final 
tests,  when  the  accident  which  Caused  his  death  occurred. 

Mr.  Rockwell  was  an  able  officer,  a  skilled  engineer,  and  a  gentle- 
man. Somewhat  reserved  by  nature,  he  nevertheless  possessed  qualities 
which  endeared  him  to  his  friends.  He  was  a  man  of  excellent  judg- 
ment and  strong  convictions  which  he  never  hesitated  to  express. 
He  had  quite  a  sense  of  humor  and  a  quaint  philosophy  of  life  which 
made  it  impossible  for  him,  or  for  those  associated  with  him,  to 
magnify  the  difficulties  of  any  task  or  any  problem.  Perhaps  his 
views  regarding  aviation  duty  best  illustrate  the  man : 

"Don't  worry,"  he  said  in  his  personal  correspondence,  *^I  have 
passed  the  reckless  age;  I  am  not  going  into  this  for  glory.  I  feel 
that  shore-going  staff  officers  should  prepare  themselves  with  a  view 
to  relieving  line  officers  from  shore  duty  in  time  of  war — they  will 
be  needed  at  sea.  Besides,  I  have  an  idea  that  my  Commandant  would 
like  to  see  all  of  his  officers  qualify." 

True  to  his  service  training,  his  thoughts  were  first  of  his  duty, 
as  he  saw  it.  Civil  Engineer  Rockwell  was  not  a  man  to  take  unneces- 
sary chances — he  did  not  want  to  die,  but  if  death  had  to  come  to 
him,  he  would  have  wished  it  to  be  "in  the  line  of  duty."  Surely  those 
who  have  sacrificed  themselves   in   developing  the  air  branch   of  the 
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service  deserve  a  place  in  the  memory  of  their  fellow-countrymen 
with  the  hero  who  falls  in  battle. 

He  is  survived  by  his  wife  and  three  young  children;  his  mother, 
Mrs.  James  Rockwell,  of  Washington,  D.  C, ;  a  brother,  Charles  K. 
Rockwell,  late  Captain,  Corps  of  Engineers,  U.  S.  A. ;  and  a  sister, 
Miss  Helen  Rockwell. 

Mr.  Rockwell  was  elected  a  Junior  of  the  American  Society  of 
Civil  Engineers  on  April  3d,  1900;  an  Associate  Member  on  February 
4th,  1903,  and  a  Member  on  November  5th,  1907. 


HENRY  ROHWER,  M.  Am.  Soc.  C.  E.^ 


Died  May  4th,  1916. 


Henry  Rohwer,  the  son  of  Henry  and  Margaret  Rohwer,  was  born 
on  October  17th,  1847,  on  his  father's  estate  near  Rensburg,  Holstein, 
Germany.  This  estate  had  belonged  to  the  family  for  several  centuries, 
the  house  in  which  Mr.  Rohwer  was  born  being  some  200  years  old 
at  the  time  of  his  birth.  He  attended  the  provincial  schools,  and, 
later,  Dr.  Jessen's  Polytechnic  Institute,  at  Hamburg,  from  which  he 
was  graduated  at  the  head  of  his  class  in  1865,  receiving  as  a  Govern- 
ment Prize,  a  position  as  Civil  Engineer  on  the  East  Holstein  Rail- 
way. On  resigning  this  position  to  take  up  further  studies  at  the 
Royal  Polytechnic  School,  at  Hanover,  his  Chief  Engineer  wrote: 

"Mr.  Henry  Rohwer  has  been  engaged  as  Civil  Engineer  on  the 
East  Holstein  Railway,  in  the  field,  and  in  the  office.  All  work 
entrusted  to  his  supervision  has  been  executed  by  him  diligently  and 
carefully.  Mr.  Rohwer  is  a  man  of  unusual  attainments  and  of  a 
most  attractive  personality,  an  able  leader  and  governor  of  men." 

At  the  Royal  Polytechnic  School,  Mr.  Rohwer  took,  in  addition  to 
the  regular  civil  engineering  work,  a  course  in  Architecture,  and 
special  studies  in  the  general  principles  of  machinery.  He  stood 
again  at  the  head  of  his  class  when  he  was  graduated,  with  the 
degree  of  Civil  Engineer,  in  1869. 

Broken  in  health  from  over  study,  Mr.  Rohwer's  physicians  ordered 
a  sea  voyage,  suggesting  a  trip  to  South  America,  but  he  decided  to 
come  to  the  United  States.  He  went  directly  to  Omaha,  where  he 
found  employment  with  the  Burlington  and  Missouri  River  Rail- 
road in  Nebraska,  successively  as  Topographer,  Engineer  in  charge 
of  location  and  construction,  Resident  Engineer  of  that  road  and 
Acting  Chief  Engineer  of  the  Omaha  and  Southwestern  Railroad. 
He  did  his  work  so  well  that  when  the  Chief  Engineer  of  the  Burling- 

*  Memoir  prepared  by  W.  S.  Dawley  and  John  Lyle  Harrington,  Members, 
Am.  Soc.  C.   E. 
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ton  and  Missouri  Kailroad,  Col.  Thomas  L.  Doane,  resigned,  in  187C,  to 
accept  the  position  of  Consulting  Engineer  of  the  Hoosac  Tunnel,  he 
recommended  that  Mr.  Rohwer  be  named  his  successor.  This  recom- 
mendation was  approved,  and  Mr.  Rohwer  was  offered  the  position. 
He  decided,  however,  to  do  private  work,  and  opened  an  office  in 
Omaha  for  general  practice  as  a  Civil  Engineer.  During  this  early 
connection  with  the  Burlington,  one  of  Mr.  Rohwer's  advanced  parties 
was  massacred,  their  instruments  buried,  and  their  property  appro- 
priated by  the  Sioux  Indians.  He  himself  was  twice  taken  by  the 
Indians,  but  escaped  injury  through  the  good  offices  of  the  interpreters. 

In  1877,  engineering  work  being  slack,  Mr.  Rohwer  was  one  of 
fourteen  candidates  for  the  position  of  City  Engineer  of  Omaha. 
He  was  especially  reconnnended  and  vouched  for  by  such  men  as 
Messrs.  Robert  R.  Livingston,  Surveyor-General,  William  Cleburn, 
Division  Engineer,  E.  Lane,  Engineer  and  Superintendent  of  the 
Building  and  Bridges  Department  of  the  Union  Pacific  Railroad  Com- 
pany, and  the  Hon.  A.  S.  Paddock.  United  States  Senator.  He  was 
selected  and  appointed  by  Mayor-elect,  Col.  R.  H.  Wilbur,  and,  two 
years  later,  was  re-appointed  by  Mayor  Chase. 

While  City  Engineer,  Mr.  Rohwer  resurveyed  and  monumented 
much  of  the  city ;  established  street  grades ;  made  a  topographical 
map  of  the  city;  planned  a  sewer  system  and  began  its  construction; 
designed  water-works ;  in  short,  did  everything  pertaining  to  the  Engi- 
neering Department  of  a  young  and  growing  community. 

In  1881,  Mr.  Rohwer  again  took  up  railroad  work,  and  was  given 
charge  of  the  location  and  construction  of  the  first  50  miles  of  the 
Oregon  Short  Line,  from  Granger,  Wyo.,  west.  Before  the  completion 
of  this  50  miles,  he  was  assigned  to  the  Portneuf  River  Canyon 
work  and  the  construction  of  the  line  across  the  Bannock  and  Shoshone 
Indian  Reservations.  As  Resident  Engineer,  he  located  the  line 
across  Snake  River  at  "American  Falls",  made  the  triangulation, 
and  took  the  necessary  levels,  overcoming  unusual  difficulties. 

In  1883  he  was  selected  by  the  Chief  Engineer,  the  late  Jacob 
Blickensderfer,  M.  Am.  Soc.  C.  E.,  to  act  as  Resident  Engineer  of 
the  Hodges  Pass  Tunnel.  This  tunnel  pierces  the  Uintah  Range 
of  the  Wasatch  Mountains,  is  1  532  ft.  in  length,  and  was  very  diffi- 
cult to  construct  on  account  of  the  many  kinds  of  material  and 
large  volume  of  water  encountered,  eight  separate  veins  of  coal,  with 
various  clays,  sands,  and  rock,  being  found.  The  tunnel  was  lined 
throughout  with  California  redwood,  and  was  extended  on  each  end 
by  snowsheds  of  the  same  material  to  a  total  length  of  ^  mile.  The 
plans  were  well  made,  the  work  was  well  and  carefully  done,  no 
lives  were  lost,  and  many  compliments  were  paid  to  the  engineer  and 
contractor.  On  the  completion  of"  this  tunnel  in  1884,  Mr.  Rohwer, 
against  the  wish  of  his  Chief  Engineer,  decided  to  resign  and  again 
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take  up  private  practice.  He  returned  to  Omaha  where  he  became 
interested  in  the  making  of  brick,  designing  and  patenting  a  "con- 
tinuous brick  kiln"  which  has  special  merit  and  gives  much  satis- 
faction where  fuel  is  expensive.  He  constructed  a  number  of  these 
kilns  throughout  the  United  States. 

In  1885,  Mr.  Rohwer  again  returned  to  railroad  work  and,  under 
Mr.  S.  H.  H.  Clark,  President  of  the  Missouri  Pacific  Railroad,  located 
and  built  the  Omaha  Belt  Railway  and  the  Missouri  Pacific  Exten- 
sion to  Lincoln,  Nebr.  In  1887  he  was  made  Engineer  in  Charge  of 
Maintenance  of  the  Missouri  Pacific  Railway  and  its  branches,  which 
position  he  held  until  March  1st,  1901,  when  he  was  advanced  to  the 
position  of  Chief  Engineer  of  the  Missouri  Pacific  Railway  and  the 
St.  Louis,  Iron  Mountain  and  Southern  Railway,  Leased  and  Operated 
Lines.  The  following  is  a  part  of  the  work  done  while  Mr.  Rohwer 
was  Chief  Engineer  of  these  lines:  Plans  and  estimates  for  revision 
of  alignment  and  reduction  of  gradients  on  900  miles  of  road,  this 
work  being  completed  as  planned  on  some  550  miles;  surveys  for 
some  1 100  miles  of  new  line,  of  which  about  700  miles  were  built. 
These  new  lines  include:  The  Memphis,  Helena  and  Louisiana  Rail- 
way, 230  miles  in  length,  with  its  two  large  draw-bridges  (440  ft. 
and  370  ft.)  across  the  Arkansas  and  White  Rivers ;  the  Eldorado- 
Bastrop  Railway,  44  miles  in  length,  with  the  Ouchita  Draw  and 
its  2  miles  of  trestle  approach;  and  the  White  River  Railway,  240 
miles  in  length,  through  the  Ozarks  of  Missouri  and  Arkansas,  cost- 
ing more  than  $8  000  000.  This  line,  for  most  of  its  length,  was 
of  heavy  construction,  necessitating  five  timnels,  totaling  2  miles  in 
length,  and  many  steel  bridges  and  viaducts,  the  latter  often  reach- 
ing a  height  of  100  ft.  or  more.     This  is  a  road  of  great  scenic  beauty. 

Mr.  Rohwer  represented  his  Company  on  the  Board  of  Engineers 
for  the  Thebes  Bridge,  and  acted  as  Chairman  of  that  Board.  He 
was  at  the  same  time  a  member  of  the  Board  of  Chief  Engineers  for 
the  Kansas  City  ISJ'ew  Union  Depot  and  Terminals. 

After  1906  he  maintained  a  consulting  engineer's  of&ce  in  St.  Louis, 
devoting  his  time  to  consulting  and  expert  service,  making  reports  on 
railroads,  water-works,  power-plants,  etc.  He  acted  as  Consulting 
Engineer  for  investors,  financial  institutions,  and  municipalities. 
In  the  latter  capacity  he  reported  on  the  location  and  cost  of  the 
municipal  "Free  Bridge,"  and  his  report,  published  by  the  City,  de- 
cided the  location  of  that  bridge. 

Mr.  Rohwer  was  an  early  advocate  of  good  roads.  His  address 
at  the  first  Good  Roads  Convention  of  the  State  of  Missouri,  held 
at  Sedalia,  in  January,  1893,  was  published  in  full  in  its  proceed- 
ings, and  contained  the  strongest'  arguments  advanced.  He  was  at 
that  time  called  by  his  friends  "The  Father  of  Good  Roads." 
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Mr.  Eohwer  was  a  Charter  Member  of  the  American  Railway 
Eng:ineeringr  Association;  a  Member  of  the  Eng:ineers'  Club  of  St. 
Louis;  a  Member  of  the  Society  of  German  Engineers,  of  Berlin, 
Germany;  and  a  Charter  Member  of  the  Fraternity  "Hannovera", 
founded  in  1866,  of  Hanover,  Germany.  He  served  as  a  member  of 
the  Roadway  Committee  of  the  American  Railway  Engineering  Asso- 
ciation, and  was  active  in  the  St.  Louis  Club. 

He  was  always  a  hard  worker,  and  his  associates  recognized  his 
superior  ability  for  carrying  out  those  undertakings  which  required 
continuous  and  careful  attention  as  well  as  unusual  technical  attain- 
ments.    One  contractor  writes: 

"As  a  contractor,  I  had  the  good  fortune  to  work  under  Mr.  Henry 
Rohwer  during  the  greater  part  of  the  time  that  he  was  Chief  Engi- 
neer of  the  Missouri  Pacific  and  Iron  Mountain  Railroads.  He  was 
an  honorable  man,  slow  to  anger,  scrupulously  just,  and  always  ready 
to  commend  work  well  done.  The  majority  of  contractors  were 
always  glad  to  do  work  under  him,  knowing  they  would  receive  fair 
treatment  at  his  hands,  consequently,  construction  work  under  his 
management  was  prosecuted  promptly  and  to  the  satisfaction  of  all 
parties  concerned." 

Aside  from  his  eminence  as  an  engineer,  Mr.  Rohwer  was  a  good 
man  and  greatly  devoted  to  his  home  and  family.  He  was  married 
on  October  8th,  1873,  to  Anna  Sievers,  of  Omaha,  ISTebr.,  who  survives 
him,  with  three  of  their  five  children,  Oscar  H.  D.,  Henry  G.  A.,  and 
Anna  Louise. 

His  only  recreation  was  taken  with  his  family.  He  kept  them 
'near  him  whenever  possible.  He  had  them  for  a  year  at  his  camp 
when  constructing  the  Hodges  Pass  Tunnel.  At  that  time  there 
were  no  white  settlers  in  Southwestern  Wyoming,  and  the  Indians 
of  the  reservations  crossed  were  not  at  all  times  friendly.  While  an 
officer  of  the  Missouri  Pacific  Railway,  it  was  his  custom  to  take  one 
or  more  of  his  family  with  him  when  making  trips  down  the  line. 

At  the  funeral  services,  his  pastor  spoke  of  him  as  the  most  modest 
of  men.     His  daughter  writes  of  him  as  follows: 

"The  devotion  of  Mr.  Rohwer  to  his  family  was  exemplary,  and 
his  life  was  one  beautiful  harmony.  In  the  gentleness  so  charnefceristic 
of  himself,  despite  weakness,  pain,  and  growing  apprehension,  the 
only  greeting  ever  received  was  a  smile.  His  death  has  its  own  i>eculiar 
pathos,  and  he  met  it,  as  he  met  all  else  in  life,  with  a  resolute 
determination.  There  was  no  outward  expression  of  inward  lassitude, 
nor  was  there  a  portrayal  of  weakness  or  of  waning  fortitude.  His 
was  a  long  heroic  uncomplaining  struggle,  and  every  obligation  on 
the  part  of  his  family  was  lovingly  met.  Sclerosis  of  the  arteries, 
affecting  the  heart,  caused  undescribable  suffering,  both  mental  and 
physical.  He  bade  the  members  of  his  family  farewell  the  day  before 
his  death,  which  occurred  on  the  afternoon  of  May  4th,  1916.  The 
remembrance  of  his  personal  qualities  and  the  beauty  and  rarity  of 
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his  spirit,  together  with  the  love  and  esteem  in  which  he  was  held 
by  all  who  knew  him,  to  some  degree,  temper  the  grief  of  those  who 
mourn  him." 

Mr.  Rohwer  was  of  a  quiet,  unobtrusive  disposition,  and  did  not 
seek  the  world's  plaudits;  but  he  fought  a  good  fight,  lived  an  honor- 
able and  useful  life,  and  earned  the  world's  esteem. 

Mr.  Rohwer  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  April  1st,  1903. 


GEORGE  WASHINGTON  YAUGHN,  M.  Am.  Soc.  C.  E.* 


Died  February  3d.  1916. 


George  Washington  Vaughn  was  born  at  Perry,  'N.  Y.,  on  Novem- 
ber 24th,  1829. 

He  began  his  engineering  career  about  1854,  when  he  made  the 
plans  and  surveys  for  bringing  from  the  mountains  of  California  what 
was  perhaps  the  first  water  supply  for  the  purpose  of  hydraulic  mining. 
This  work  was  followed  by  plans  for  a  series  of  dams  in  various  Cali- 
fornia streams.  He  then  took  up  Government  land  surveying  in  the 
Northwest. 

In  the  summer  of  1857,  Mr.  Vaughn  was  engaged  as  Levelman  on 
the  location  of  the  Winona  and  St.  Peter  Railroad,  the  first  railroad 
in  Minnesota,  and  served  as  Division  Engineer  on  the  construction 
of  that  road  until  April,  1858. 

On  the  completion  of  this  work,  he  accepted  a  very  lucrative  offer 
to  take  charge  of  the  construction  of  levees  on  the  Mississippi  River 
in  Arkansas.  While  he  was  engaged  on  this  work,  the  Civil  War 
broke  out,  and  he  enlisted  in  the  Federal  Army  and  was  assigned  the 
management  of  the  collection  of  rentals  of  business  and  public  build- 
ings in  Memphis,  turning  the  collections  over  to  the  War  Department. 

After  the  war.  Major  Vaughn,  with  a  few  others,  decided  to  locate 
a  town  in  the  State  of  Kansas,  and  accordingly  he  surveyed  and  laid 
out  the  Town  of  Ellsworth,  named  for  Col.  Ellsworth,  one  of  the  first 
to  fall  in  the  Civil  War.  It  is  now  the  seat  of  Ellsworth  County.  The 
first  site  chosen  for  the  town,  being  too  near  the  river,  was  threatened 
with  floods.  The  town  was  moved,  therefore,  and  Major  Vaughn's 
engineering  ability  was  called  into  play  to  devise  means  of  moving 
the  houses  back  to  the  new  site,  which  he  had  already  surveyed  and 
which  is  the  location  of  the  present  city. 

In  the  early  days  of  Ellsworth,  Major  Vaughn  and  others  were 
compelled  to  become  vigilantes  in  order  to  rid  the  community  of 
gamblers,    murderers,    and    cut-throats    by    the   primitive    method    of 

*  Memoir  prepared  by  the  Secretary  from  information  furnished  by  J.  M.  Willard, 
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hanging,  and  after  order  was  restored,  respectable  people  were  encour- 
aged to  settle  there. 

Major  Vaughn  decided,  however,  that  Leavenworth  was  more  de- 
sirable as  a  residence,  on  account  of  the  better  educational  advantages 
open  to  his  children,  and  in  1869,  he  purchased  a  home  in  that  city, 
which  he  continued  to  occupy  until  his  death. 

He  then  took  up  railroad  engineering,  and  from  April  to  August, 
1869,  served  as  Division  Engineer  on  the  Leavenworth,  Atchison  and 
Northwestern  Railway,  now  part  of  the  Missouri  Pacific  System.  In 
1870  and  1871,  he  was  engaged  as  Chief  Engineer  of  the  Kansas 
Central  Railway,  a  narrow-gauge  road  running  west  from  Leavenworth. 
On  the  completion  of  this  road,  Major  Vaughn  served  until  1874  as 
Chief  Engineer  of  the  Wyandotte,  Kansas  City  and  Northwestern  Rail- 
way (now  also  a  part  of  the  Missouri  Pacific  System)  running  from 
Kansas  City  to  Lexington,  Mo.  In  1875  and  1876  he  was  Superin- 
tendent of  the  same  line,  and  in  1878  he  was  again  appointed  Chief 
Engineer  of  the  Kansas  Central  Railroad. 

In  1879,  he  was  engaged  as  Resident  Engineer  on  the  Denver  and 
Rio  Grande  Railroad,  in  charge  of  the  location  and  construction  of 
two  lines  over  the  Continental  Divide,  one  at  Ten-Mile  Pass  and  the 
other  at  Marshall  Pass. 

In  1880,  Major  Vaughn  went  to  Mexico  as  Chief  Engineer  of 
the  Northern  Division  of  the  Mexican  Central  Railway  and  of  the 
Mexican  National  Railway  north  of  the  City  of  Mexico  where  he 
made  his  headquarters,  completing  the  line  to  San  Miguel  and  a 
branch  to  Morelia. 

In  1886  and  to  April,  1887,  he  was  Chief  Engineer  of  the  Leaven- 
worth, Northern  and  Southern  Railway,  now  a  part  of  the  Santa  Fe 
System,  and  from  April,  1887,  to  December,  1890,  he  was  Assistant 
Chief  Engineer  of  the  Chicago,  Santa  Fe  and  California  Railway,  a 
line  connecting  Kansas  City  with  Chicago,  111. 

On  the  completion  of  this  line  Major  Vaughn  was  made  Consulting 
Engineer  of  the  Atchison,  Topeka  and  Santa  Fe  Railroad.  He  served 
as  Vice-President  and  Chief  Engineer  of  the  Santa  Fe,  Prescott  and 
Phoenix  Railway,  with  headquarters  at  Prescott,  Ariz.,  from  1892 
to  1895,  but  he  did  not  like  the  routine  of  the  office  and  resigned  to 
return  to  his  home  in  Leavenworth,  Kans. 

In  1897,  he  was  called  to  Chicago  to  take  charge  of  the  work 
known  as  the  16th  and  Clark  Streets  Track  Elevation.  This  comprised 
the  elevation  of  the  tracks  of  nine  railroads  operating  1 000  trains 
per  day,  and  was  accomplished  without  the  stoppage  of  traffic  during 
construction.  It  was  considered  one  of  the  greatest  engineering 
achievements  of  its  kind  in  the  world. 

On  the  completion  of  this  work  in  1899,  Major  Vaughn  was  ap- 
pointed  Engineer   in   Charge   of   the   Joint   Track   Elevation   for   the 
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Illinois  Central,  the  Atchison,  Topeka  and  Santa  Ye,  and  the 
Chicago  and  Alton  roads,  to  extend  the  track  elevation  from 
18th  Street  west  3  miles,  at  a  cost  of  $1  000  000  per  mile.  This  work 
was  completed  in  1905.  In  1906  he  was  called  to  take  charge  of  the 
track  elevation  of  the  Atchison,  Topeka  and  Santa  Fe  Railway  through 
the  City  of  Joliet,  111. 

On  completing  this  work,  in  1911,  Major  Vaughn  felt  that,  after 
his  long  career  of  sixty  years  of  engineering  work,  he  deserved  retire- 
ment, and  he  returned  to  his  home  in  Leavenworth  to  enjoy  the  quiet 
of  his  remaining  years. 

His  life  of  sturdy  honesty  and  high  principles,  together  with  his 
marked  ability,  made  a  character  such  as  is  not  often  met  in  these 
days,  and  led  to  an  impregnable  position  in  the  Engineering  Profession. 

Major  Vaughn  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  June  3d.  1891. 


JAMES  KNAPP  WILKES,  M.  Am.  Soc.  C.  E.^ 


Died  January  8th,  1916. 


James  Knapp  Wilkes  was  born  in  Danbury,  Conn.,  on  August  21st, 
1859.  He  was  the  only  son  of  Matthew  and  Henrietta  Knapp  Wilkes, 
whose  ancestors  settled  in  Connecticut  in  the  Seventeenth  Century. 

After  he  was  graduated  from  the  Danbury  High  School  in  18Y6, 
he  took  up  the  study  of  scientific  and  engineering  subjeqts  under 
private  tutors  for  two  years,  and  in  1880  was  graduated  from  the 
State  Normal  College  at  Albany,  N.  Y.  During  the  same  year  Mr. 
Wilkes  entered  the  office  of  Mr.  D.  G.  Penfield,  of  Danbury,  Conn.,  and 
was  engaged  in  general  engineering  work  in  that  vicinity,  including 
the  construction  of  the  New  York  and  New  England  Railroad  between 
Danbury,  Conn.,  and  Hopewell  Junction,  N.  Y. 

In  1884  he  opened  an  engineering  office,  and  engaged  in  private 
work;  he  also  performed  all  the  engineering  work  required  for  the 
Borough  of  Danbury. 

In  1887  Danbury  became  a  city,  and,  in  addition  to  his  private 
duties,  Mr.  Wilkes  was  appointed  City  Engineer,  having  charge  of 
all  the  municipal  work,  including  regulating,  grading,  and  paving 
streets,  the  construction  of  sewers,  and  the  extension  of  the  water 
supply,  together  with  the  distribution  system  and  the  enlargement 
of  the  dams  and  reservoirs.  In  addition  to  his  duties  for  the  City 
of  Danbury,  he  also  constructed  and  designed  a  dam  and  pipe  line 
near  Bethel,  Conn.,  besides  being  engaged  as  expert  on  legal  questions 
arising  from  the  development  of  water  power  in  that  vicinity. 

In  1890  Mr.  Wilkes  went  to  New  Rochelle,  N.  Y.,  as  Assistant  Engi- 
neer in  charge  of  the  construction  of  sewers  which  had  been  designed 
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and  were  being  constructed  \mdor  the  direction  of  the  late  Horace 
Crosby,  M.  Am.  Soc.  C.  E. 

In  1891  he  was  again  called  to  Danbury  to  take  up  the  work  of  City 
Engineer,  and  he  held  that  office  until  1893,  when  he  was  appointed 
Chief  Engineer  of  the  Sewerage  Commission  of  New  Rochelle,  N.  Y., 
which  position  he  held  for  6  years,  having  charge  of  the  design 
and  extensions  of  the  sewers  and  storm- water  drains,  as  well  as 
a  sewage  purification  works,  by  chemical  precipitation,  for  taking 
care  of  the  sewage  from  the  westerly  half  of  the  city.  Owing  to  the 
rapidly  increasing  growth  of  the  city,  it  became  necessary  to  remove 
the  original  eastern  outlet,  in  order  to  prevent  the  pollution  of  the 
shores  and  bathing  beaches.  Mr.  Wilkes  solved  the  problem  by  carrying 
the  sewage  through  a  tunnel  driven  under  Hudson  Park  and  a  sub- 
merged pipe  under  the  harbor,  3  000  ft.  into  Long  Island  Sound.  In 
addition  to  this  sewerage  construction,  he  also  had  charge  of  the 
maintenance  and  repairs  of  the  sewers  and  drains  throughout  the  city. 

In  1899  Mr.  Wilkes  was  engaged  by  the  Metropolitan  Street  Rail- 
road in  the  construction  of  a  double-track  electric  system  through 
42d  Street,  New  York  City. 

In  1900  he  was  employed  by  The  Hoffman  Engineering  and  Con- 
tracting Company,  as  Engineer  in  the  constrviction  of  the  foundations 
for  the  new  cadet  quarters  at  the  United  States  Naval  Academy, 
Annapolis,  Md. 

In  1901  he  was  Superintendent  for  Mr.  W.  A.  Engeman,  on  the 
construction  of  a  railroad  from  the  Connecticut  River  to  Benvenue 
granite  quarries  and  the  erection  of  cableways  at  quarries  near  Middle- 
town,  Conn. 

In  1902  Mr.  Wilkes  was  appointed  City  Engineer  of  New  Rochelle, 
N.  Y.,  which  i)osition  he  held  until  1912,  having  charge  of  all  engi- 
neering matters  pertaining  to  the  city,  the  work  consisting  principally 
in  the  improving  and  paving  of  streets,  extending  sewers,  and  building 
a  30-in.  inverted  siphon  sewer  under  Echo  Bay.  In  1912  he  resigned 
as  City  Engineer  and  formed  the  Wilkes-Casey  Engineering  and  Con- 
tracting Company,  of  which  he  was  President,  carrying  on  general  con- 
struction work  for  municipal  and  private  operation,  the  Company's 
work  being  confined  principally  to  the  States  of  New  York  and 
Connecticut. 

Mr.  Wilkes  was  taken  sick  on  January  1st,  1916,  and  died  of 
pneumonia  at  his  home  in  New  Rochelle  on  January  8th,  1916.  In 
1885  he  was  married  to  Capitola  Baker,  of  Patterson,  N.  Y.,  who, 
with  one  daughter,  survives  him. 

Mr.  Wilkes  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  June  3d,  1891,  and  a  Member  on  April 
3d,  1906.  He  was  also  a  Charter  Member  of  the  Connecticut  Society 
of  Civil  Engineers.  ' 
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ARTHUR  FRANCIS  WROTNOWSKl,  M.  Am.  Soc.  C.  E* 


Died  October  28th,  1911. 


Arthur  Francis  Wrotnowski,  the  son  of  Stanislaus  Wrotnowski  and 
Catharine  Ozibulska  Wrotnowski,  was  born  on  October  14th,  1843,  at 
Clermont,  France,  where  his  father  was  then  a  beet  sugar  manufac- 
turer. When  he  was  eleven  years  old,  he  came  to  the  United  States 
with  his  parents  who  settled  at  Baton  Kouge,  La.,  where  his  father 
had  a  cane-sugar  mill. 

During  the  Civil  War  (1862)  he  enlisted  in  the  Federal  Army  and 
was  made  Lieutenant-Colonel  of  an  Engineering  Corps  stationed  in 
Texas  during  the  latter  years  of  the  war. 

In  January,  1868,  Col.  Wrotnowski  was  married  to  Miss  Josephine 
Rachel  Thomas,  of  Philadelphia,  Pa. 

During  the  construction  of  the  jetties  at  the  mouth  of  the  Missis- 
sippi River,  he  served  on  the  Board  of  State  Engineers  of  Louisiana 
and,  in  1876,  he  was  appointed  Chief  State  Engineer  of  that  Board. 
He  was  also  Supervising  Architect  of  the  Custom  House  at  New 
Orleans,  La.,  which  was  being  remodeled,  from  1878  to  1881. 

During  1882-83,  he  was  in  charge  of  the  harbor  works  at  Vera 
Cruz,  Mexico,  under  a  French  company  which  discontinued  the  work 
there  in  1883. 

Mrs.  Wrotnowski  died  in  May,  1883,  and  in  the  following  year. 
Col.  Wrotnowski  having  invested  heavily  in  Florida,  made  his.  home 
there,  in  order  to  look  after  his  investments.  He  founded  the  Town 
of  Clermont,  called  after  his  birthplace  in  France. 

In  February,  1885,  he  was  married  to  Miss  Angle  Bladen,  of 
Philadelphia,  Pa. 

In  1887-88  he  was  connected  with  the  East  Coast  Canal  Company 
of  Florida  and,  in  1889,  went  to  Tampico,  Mexico,  as  Resident  Engi- 
neer in  charge  of  the  construction  of  the  jetties  at  the  mouth  of  the 
Panuco  River,  which  were  being  built  by  the  Mexican  Central  Railway 
and  of  which  the  late  E.  L.  Corthell,  President,  Am.  Soc.  C.  E.,  was 
Consulting  Engineer  in  charge.  These  works  were  completed  in  1892, 
and  Col.  Wrotnowski  then  opened  an  engineering  office  in  New 
Orleans,  La. 

In  1895  he  had  charge,  for  a  few  months,  of  the  harbor  works  of 
Vera  Cruz,  Mexico,  then  being  built  by  Sir  Weetman  Pearson,  now 
Lord  Cowdrey. 

About  1897,  he  removed  to  the  western  coast  of  Mexico  and  settled 
at  Guaymas  and  Hermosillo,  Sonora.  He  constructed  a  number  of 
buildings  in  these  two  cities,  among  which  were  the  State  Penitentiary, 
markets,  bank,  etc.,  etc. 
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Col.  Wrotnowski's  declining  years  were  marred  by  prolonged  ill 
health,  and  he  only  survived  his  second  wife  by  about  6  months.  He 
died  on  October  28th,  1911,  in  Nogales,  Ariz.,  where  he  had  gone  for 
his  healtli,  and  is  buried  there.  He  is  survived  by  one  daughter  by 
his  first  marriage,  Mrs.  C.  F.  de  Ganahl,  of  New  York  City,  and  by 
two  daughters  and  a  son,  by  his  second  marriage,  Mrs.  Van  Archibald 
Smelker  and  Mrs.  William  Wells  Griffith,  both  of  Nogales,  Ariz.,  and 
Arthur  Corthell  Wrotnowski,  of  San  Diego,  Cal. 

Col.  Wrotnowski  was  elected  a  Member  of  the  American  Society 
of  Civil  Engineers  on  July  12th.  1877. 


GEOKGE  LENOX  CRAWFORD,  Assoc.  M.  Am.  Soc.  C.  E.  * 


Died  February  3d,  1916. 


George  Lenox  Crawford  was  born  near  Napoleon,  Henry  County, 
Ohio,  on  June  23d,  1864.  He  attended  the  public  schools,  and,  during 
vacations,  assisted  his  father  in  drainage  engineering,  etc.,  which  fact 
probably  influenced  his  choice  of  a  profession. 

In  June,  1886,  Mr.  Crawford  entered  the  service  of  the  Union 
Pacific  Railroad  as  Chainman  and  Rodman,  and,  from  that  time  until 
September,  1890,  he  was  employed  as  Rodman,  Transitman,  Assistant 
Engineer,  and  Field  Engineer,  with  the  Tremont,  Elkhorn  and  Missouri 
Valley  Railroad,  the  St.  Louis  and  San  Francisco  Railway,  the  New 
Orleans  and  Northwestern  Railway,  and  the  Springfield  (Mo.)  Electric 
Street  Railway,  respectively. 

In  September,  1890,  he  began  the  work  with  which  he  was  identified 
during  the  latter  part  of  his  professional  life,  namely,  coal-mining 
engineering,  as  Principal  Assistant  to  the  Chief  Engineer  of  the 
Kansas  and  Texas  Coal  Company,  at  St.  Louis,  Mo.  In  this  capacity, 
Mr.  Crawford  had  charge  of  surveys  and  of  the  design  and  installation 
of  coal-mining  and  coal-handling  plants. 

From  September,  1892,  to  1894,  he  was  engaged  in  private  practice 
as  Consulting  Engineer  on  mining  and  irrigation  work  at  Springfield, 
Mo.,  and  also  at  Gunnison,  Colo. 

In  November,  1894,  Mr.  Crawford  returned  to  railroad  engineering 
as  Engineer  of  the  Bridge  and  Building  Department  of  the  Colorado 
and  Southern  Railway,  at  Pueblo,  Colo.,  which  position  he  retained 
until  November,  1895,  when  he  again  took  up  private  practice. 

From  November,  1897,  to  July,  1898,  Mr.  Crawford,  as  Chief  Engi- 
neer, made  surveys,  plans,  and  estimates  for  a  double-track,  electric 
and  steam  railroad  for  the  Kansas  City-Leaven  worth  Electric  Railway, 
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1216  MEMOIR  OF   GEORGE   LENOX   CRAWFORD  [Memoirs. 

Power  and  Mining  Company  of  Leavenworth,  Kans.,  but  the 
project  was  never  carried  out.  In  August,  1898,  he  went  to 
Wyoming  as  Assistant  Engineer  on  the  construction  of  the  new 
steel  main  line  of  the  Union  Pacific  Railroad  from  Granger  to 
Piedmont,  and  from  January  to  June,  1899,  he  served  as  Transitman 
on  location  and  in  charge  of  the  construction  of  the  tunnel  and  bridges 
on  the  La  Veta  Cut-Off  of  the  Denver  and  Rio  Grande  Railroad. 

In  June,  1899,  Mr.  Crawford  returned  to  the  practice  of  coal-mining 
engineering,  in  which,  except  during  his  term  as  City  Engineer  of 
Grand  Junction,  Colo.,  he  continued  until  his  death.  From  June,  1899, 
to  January,  1905,  he  was  Chief  Engineer  of  the  Northern  Coal  and 
Coke  Company  at  Denver,  Colo.,  in  charge  of  mine  surveys,  the  design 
and  construction  of  coal-mining  plants,  and  in  making  estimates  and 
reports  on  coal  properties,  etc.  From  that  position,  he  went,  as  Chief 
Engineer,  to  the  Rocky  Mountain  Fuel  Company,  and,  in  May,  1907, 
he  was  appointed  General  Superintendent  and  Chief  Engineer  of  the 
Tarn  O'Shanter  Montezuma  Mines  and  Development  Company.  For 
this  latter  Company,  he  designed  a  hydro-electric  power  plant  and  an 
aerial  tramway  and  terminals,  and  had  charge  of  the  construction  of 
a  50-ton  concentrating  mill. 

In  February,  1908,  Mr.  Crawford  again  took  up  consulting  work, 
which  he  continued  until  April,  1909,  when  he  was  elected  City  Engi- 
neer of  Grand  Junction,  Colo.,  which  office  he  held  until  1913.  While 
in  this  position  he  designed  and  constructed  sewers,  pavements,  and 
a  water-supply  line  for  that  city.  In  1913,  he  again  returned  to  private 
practice  as  a  Consulting  Engineer  with  headquarters  at  Denver,  Colo., 
until  1914,  when  he  was  appointed  General  Superintendent  of  The 
Pike's  Peak  Fuel  Company,  at  Colorado  Springs,  Colo.,  which  posi- 
tion he  held  until  his  death,  on  February  3d,  1916,  from  cerebro- 
spinal meningitis  following  an  attack  of  pneumonia. 

From  his  boyhood,  Mr.  Crawford  had  been  a  hard  worker.  Owing 
to  the  fact  that  his  father  died  while  he  was  still  young,  he  had  to 
forego  any  college  or  technical  training  except  that  which  he  obtained 
through  his  own  efforts  and  studies ;  nevertheless,  he  was  well  educated 
in  the  best  sense  of  the  word. 

He  was  a  man  of  high  moral  character,  modest  and  unassuming, 
but  efficient  and  thorough,  and  a  true  friend  once  his  friendship  was 
won.    His  honor  v/as  his  first  and  highest  concern. 

He  was  a  member  of  the  Plymoiith  Congregational  Church,  and  a 
Mason,  having  been  a  member  of  Union  Lodge  No.  7,  of  Denver,  Colo. 

The  following  resolutions  on  Mr.  Crawford's  death,  which  were 
adopted  by  the  Colorado  Association  of  Members  of  the  American 
Society  of  Civil  Engineers,  of  w^hich  he  was  a  member,  were  presented 
before  the  meeting  of  that  Association  on  February  12th,  1916: 
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"Ef'soJved:  That  we,  the  members  of  the  Colorado  Association  of 
]\fembors  of  the  American  Society  of  Civil  Engineers,  deeply  deplore 
our  loss,  recognizing  at  the  same  time  in  his  removal  a  loss  not  only 
to  ourselves,  but  to  the  connnunity  at  large;  and,  further, 

"Resolved:  That  this  statement  and  these  resolutions  be  spread 
upon  the  records  of  this  organization  and  that  a  copy  thereof  be  sent 
to  his  family  with  an  expression  of  our  most  sincere  sympathy." 

Mr.  Crawford  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  September  3d,  1912. 
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Valley."    J.  C.  Allison.     (To  be  presented  Sept.  6rh   1916.) May, 


!o  wslvsM 


PAPERS  IN  THIS  NUMBER 


ADDRESS   AT  THE   ANNUAL  CONVENTION,    IN   PITTSBURGH,    PA.,    JUNE    27th. 

1916.    Clemens  Herschel. 
"TUNNEL    WORK     ON      SECTIONS    8,     9.    10,    and    Jl,    BROADWAY-LEXINQTON 

AVENUE  SUBWAY,  NEW  VORK  CITY."    Israel  V.  Werbin.      (To  be  presented 

Sept.  20th,  1916. 
"  EARTH  PRESSURES:      A     PRACTICAL      COMPARISON      OF     THEORIES      AND 

EXPERIMENTS."    L.  D.  Cornish. 
"  UNDERPINNING   TRINITY  VESTRY  BUILDING   FOR  SUBWAY  CONSTRUCTION." 

H.  deB.  Parsons.    (To  be  presented  Oct.  4th,  1916.) 


PAPERS  AND  DISCUSSIONS  CURRENT  IN  PROCEEDINGS 


"  Suggested  Changes  and  Extension   of  the  United  States   Weather  Bureau 

Service  In  California."    Gkorgb  S.  Binckley  and  Charles  H.  Lee Feb.,  1915 

Discussion Apr.,  May,  Aug.,  1915,  Mar.,  1910 

"  Induced  Currents  of  Fluids."    F.  zur  Nkdden Aug.,  1916 

Discussion.     (Author's  Closure.) ,.... Nov.,  Dec,  1915,  Aug.,  1916 

"  A  Study  of  the  Depth  of  Annual  Evaporation  from  Lalce  Conchos,  Mexico." 

Edwin  Durtea,  Jr.,  and  H.  L.  Haehl Sept.,  1915 

Discussion Dec,  1915,  Jan.,  Feb.,  Mar.,  Apr.,  May,  1916 

"  Chemi'Hydrometry  and  Its  Application  to  the  Precise  Testing  of  Hydro- 
Electric  Generators."    Benjamin  F.  Groat Nov.,  1915 

Discussion.     (Author's  Closure.) Jan.,  Feb.,  Apr.,  Aug:.,  JDie 

"  The  Failure  and  Righting  of  a  Million-Bushel  Grain  Elevator."    Alexander 

Allaire Dec,  1915 

Discussion Mar.,  May,  Aug.,  1916 

"  A    Review    of    the    Report  of    Captain    Andrew  Talcott,   Chief   Engineer, 
jviexicoand  Pacific  Railroad,  Eastern  Division,  from  Vera  Cruz  to  City 

of  Mexico:  Explorations,  Surveys,  Estimates,  1858."    Emile  Low Dec,  1915 

Discussion.     (Author's  Closure.) Feb.,  Mar.,  Apr.,  Aug.,  1916 

*'  Cohesion   in    Earth :  The    Need   for  Comprehensive  Experimentation   to 

Determine  the  Coefficients  of  Cohesion."    William  Cain Dec,     1915 

Discussion.     (Author's  Closure.) Feb.,  Apr.,  Aug.,     1916 

Progress  Report  of  Special  Committee  on  Materials  for  Road  Construction 

and  on  Standards  for  Their  Test  and  Use Dec,     191S 

Discussion Aug.,    1916 

Progress  Report  of  the  Special  Committee  on  A  National  Water  Law Dec,     1915 

Progress  Report  of  the  Special  Committee  on  Steel  Columns  and  Struts Dec,       " 

Progress  Report  of  the  Special  Committee  on  Floods  and  Flood  Prevention.. Dec,        " 

Discussion Mar.,  Apr.,  May,  Aug.,    1916 

"  Secure  Subway  Supports."    A.  B.  Lueoer  and  W.  J.  R.  Wilson Jan.,        " 

Discussion.     (Author's  Closure.) Mar.,  Apr.,  Aug.,       " 

"A  Study  of   the  Behavior  of   Rapid   Sand    Filters   Subjected  to  the  High- 
Velocity    Method    of    Washing."      Joseph   W.  Ellms   and    John   S. 

Gettrust Jan.,       •' 

Discussion.     (Author's  Closure.) Mar.,  Apr.,  May,  Aug.,       " 

'*  The  Effects  of  Straining  Structural  Steel  and  Wrought  Iron."    Henrt  S. 

Pkichard Jan.,       " 

Discussion.     (Author's  Closure.) Mar.,  Apr.,  May,  Aug.,       " 

"The  Flow  of  Water  in  Irrigation  Channels."     George  Henry  Ellis Feb., 

Discussion.     (.Author's  Closure.) Apr.,  May,  Aug.,       " 

"Method  of  Designing  a  Rectangular  Reinforced  Concrete  Flat  Slab,  Each 
Side  of  Which  Rests  on  Either  Rigid  or  Yielding  Supports."     A.  C. 

Janni Feb., 

Discussion Apr.,  May,  Aug., 

"Temperature  Stresses  in  a  Series  of  Spans."    Tresham  D.  Gregg Feb., 

Discussion Aug., 

"  Designing  an   Earth  Dam  Having  a  Gravel  Foundation,  with  the  Results 

Obtained  in  Tests  on  a  Model."    James  B.  Hays Mar., 

Discussion May,  Aug.,       " 

Progress  Report  of  the  Special  Committee  to  Codify  Present  Practice  on  the 

Bearing  Value  of  Soils  for  Foundations Mar., 

Discussion May,  Aug., 

"  Design  of  a  Drift  Barrier  Across  White  River,  Near  Auburn,  Washington." 

H.  H.  \V oi.FP A  pr. , 

Discussion Aug., 

"  The   Preservation   of   Sandy    Beaches   in    the    Vicinity    of    New  York    City." 

Elliott  J.  Dent May, 

Discussion Aug., 

"  Surges  in  an  Open  Canal."    R.  D.  Johnson May, 

Discussion Aug., 

"The  Properties  of  Balsa  Wood   (Ochroma  Lagopus)."     R.  C.  Carpenter.. May,      '' 

Discussion Aug., 

"  Control  of  the  Colorado   River  as  Related  to  the  Protection    of  Imperial  j 

Valley."    J.C.Allison.     (To  be  presented  Sept.  6th,  191().) May,       "      I 


PROCEEDINGS 


OF   THE 


AMERICAN  SOCIETY 


OF 


CIVIL  ENGINEERS 


VOL.  XUI— No.  7 


AMERICAN 
SOCIETY  OF 

CIVIL 

^ENGINEERSi 

^FOUNDEDi 

J852i 


September,  1916 


Published  at  the   House   of  the  Society,  220  West  Fifty-seventh  Street,  New  York, 
the  Fourth  Wednesday  of  each  Month,  except  June  and  July. 

Copyrighted  1916,  by  the  American  Society  of  Civil  Engineers. 

Entered  as  Second-Class  Matter  at  the  New  York  City  Post  Office,  December  15th,  1896. 

Subscription,  ^8  per  annum. 


♦ 


PU  15LrCLir>KARY 

PROCEEDINGS 


OF    THE 

AMERICAN  SOCIETY 

OF 

CIVIL  ENGINEEES 

(INSTITUTED  1852) 


VOL.    XLII— No.    7 

SEPTEMBER,    1916 


Edited  by  the  Secretary,  under  the  direction  of  the  Committee  on  Publications. 

Reprints  from  this  publication,  which  is  copyrighted,  may  be  made  on  condition  that 

the  full  title  of  Paper,  name  of  Author,  page  reference,  and  date 

of  presentation   to   the  Society,   are   given. 


CONTENTS 


Society  Affairs Papes  .591  to  644. 

Papers  and  Discussions Pages  1219  to  1314. 


NEW  YORK  1916 

Entered  according  to  Act  of  Congress,  in  the  year  1916,  by  the  American  Society  of 
Civil  Engineers,  in  the  office  of  the  Librarian  of  Congress,  at  Washington. 


imericmt 


ngin^^rs 


OFFICERS    FOR     1916 

President,  CLEMENS  HERSCHEL. 
V  ice -Presidents 
Term  expires  January.  1917:  Term  expires  January.  1918. 

DANIEL   BONTECOU  ALFRED   CRAVEN 

RICHARD   MONTFORT  PALMER  C.  RICKETTS 

Secretary,  CHARLES   WARREN   HUNT 
Treasurer,  LINCOLN   BUSH 
Directors 


Term  expires  January, 

1917: 
GEORGE   W.   FULLER 
ARTHUR   S.   TUTTLE 
CHARLES   H.   KEEFER 
MORTIMER   E.    COOLEY 
EUGENE   E.   HASKELL 
ISHAM    RANDOLPH 


Tertn  expires  January, 

1918: 
JOHN   V.   DAVIES 
GEORGE   A.   HARWOOD 
JOHN   E.    GREINER 
JOHN   F.    COLEMAN 
JOHN   B.   HAWLEY 
HERBERT  S.  CROCKER 


Ter77i  expires  January, 

1919: 
VIRGIL   G.    BOGUE 
ALEX.  C.  HUMPHREYS 
OTIS   F.   CLAPP 
RICHARD   KHUEN 
FRANK  G.  JONAH 
EDWIN   DURYEA,    Jr. 


Assistant  Secretary,  T.   J.   McMINN 


Standing    Committees 

(The  President  of  the  Society  is  ex-officio  Member  of  all  Committees) 

On  Finance:                            On  Publications :  On  Library: 

GEORGE   W.   FULLER  ARTHUR   S.   TUTTLE  GEORGE   A.   HARWOOD 

ALFRED   CRAVEN  VIRGIL   G.    BOGUE  JOHN   V.    DAVIES 

VIRGIL   G.    BOGUE  ALEX.  C.  HUMPHREYS  HERBERT   S.CROCKER 

OTIS   F.   CLAPP  JOHN   E.   GREINER  MORTIMER   E.   COOLEY 

FRANK  G.  JONAH  JOHN   F.   COLEMAN  CHAS.   WARREN   HUNT 


i 


Special    Committees 

On  Concrete  and  Reinforced  Concrete  :  Joseph  R.  Worcester,  J.  B.  Greiner, 
W.  K.  Hatt,  Olaf  Hoff,  Richard  L.  Humphrey,  Robert  W.  Lesley,  Emil  Swensson, 
A.  N.   Talbot. 

On  Engineering  Education  :   Desmond  FitzGerald,  Onward  Bates,  D.  W.  Mead. 

On  Steel  Columns  and  Struts  :  George  H.  Pegram,  James  H.  Edwards, 
Clarence  W.  Hudson,  Charles  F.  Loweth,  Rudolph  P.  Miller,  Ralph  Modjeski,  Frank 
C.  Qsborn,  Lewis  D.  Rights,  George  F.  Swain,  Emil  Swensson,  Joseph  R.  Worcester. 

On  Materials  for  Road  Construction  :  W.  W.  Crosby,  A.  W.  Dean,  H.  K. 
Bishop,   A.  H.   Blanchard,  George  W.  Tillson,  Nelson  P.   Lewis,  Charles  J.   Tilden. 

On  Valuation  of  Public  Utilities  :  Frederic  P.  Stearns,  Charles  S.  Churchill, 
Leonard  Metcalf,  William  G.  Raymond,  Henry  E.  Riggs,  Jonathan  P.  Snow,  William 
J.  Wilgus. 

To  Investigate  Conditions  of  Employment  of,  and  Compensation  of. 
Civil  Engineers  :  Nelson  P.  Lewis,  S.  L.  F.  Deyo,  Dugald  C.  Jackson,  William  V. 
Judson,  George  W.  Tillson,  C.  F.  Loweth,  John  A.  Bensel. 

To  Codify  Present  Practice  on  the  Bearing  Value  of  Soils  for  Founda- 
tions, etc.  :  Robert  A.  Cummings,  Edwin  Duryea,  Jr.,  E.  G.  Haines,  Allen  Hazen, 
James  C.  Meem,  Walter  J.  Douglas. 

On  a  National  Water  Law  :  F.  H.   Newell,  W.  C.  Hoad,  John  H.  Lewis. 

To  Report  on  Stresses  in  Railroad  Track  :  A.  N.  Talbot,  A.  S.  Baldwin, 
J.  B.  Berry,.  G.  H.  Bremner.  John  Brunner,  W.  J.  Burton,  Charles  S.  Churchill. 
W.  C.  Gushing,  Robert  W.  Hunt,  George  W.  Kittredge,  Paul  M.  LaBach,  C.  G.  E. 
Larsson,  G.  J.  Ray,  Albert  F.  Reichmann,  H.  R.  Safford,  F.  E.  Turneaure,  J.  E. 
Willoughby. 


The   House  of  the   Society   is  open   from   9  a.    m.    to   10   P.   m.   every   day,    except 
.^undays.  Fourth  of  July,  Thanksgiving  Day,  and  Christmas  Day. 

House  of  the  Society — 220  West  Fifty-seventh  Street,  New^  York. 

Telephone   I^umber 1446   Circle. 

Cable   Address "Ceas,    New   York." 


Vol.  XLII.  SEPTEMBER,   1916  No.  7. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1  S  ->  -J. 


PROCEEDINGS 

This  Society   is  not  respousible  for  any  statement  made  or  opinion   expressed 
in  its  publications. 


SOCIETY    AFFAIRS 

CONTENTS 

Minutes  of  Meetings  :  Pagf 

Of  the  Society,  September  6th,  1916 h91 

Of  the  Board  of  Direction,  September  12th,  191t) 592- 

Announcements : 

Hours  during  which  the  Society  House  is  open 593- 

Future  Meetings. .593 

Searches  in  the  Library. 693^ 

Papers  and  Discussions 694 

Local  Associations  of  Members  of  the  American  Society  of  Civil  Engineers 594 

Minutes  of  Meetings  of  Special  Committees 599' 

Privileges  of  Engineering  Societies  Extended  to  Members 600 

Accessions  to  the  Library  : 

Donations 603 

By  purchase 607 

Membership  (Additions,  Changes  of  Address,  Deaths) 608 

Recent  Engineering  Articles  of  Interest .'. 616 


MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


September  6th,  191 6. — The  meeting  was  called  to  order  at 
8.30  P.  M.;  T.  Kennard  Thomson,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  85  members  and  8  guests. 

The  minutes  of  the  meetings  of  May  l7th.  May  24th,  June  7th,  and 
of  the  Annual  Convention  (June  27th,  1916),  were  approved  as  printed 
in  Proceedings  for  August,  1916. 

A  paper  by  J.  C.  Allison,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "Con- 
trol of  the  Colorado  River  as  Related  to  the  Protection  of  Imperial 
Valley"  was  presented  by  the  Secretary  who  also  read  communications 
on  the  subject  from  Messrs.  A.  L.  Sonderegger  and  J.  A.  Ockerson. 

The  Secretary  announced  the  following  deaths: 

Don  Juan  Whittemore  (Past-President),  of  Milwaukee,  Wis., 
elected  Member,  July  10th,  1872;  Honorary  Member,  January  6th, 
1911;  died  July  16th,  1916. 

Thomas  Appleton,  of  Gardiner,  Me.,  elected  Member,  April  4th, 
1883 ;  died  August  3d,  1916. 
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Miguel  de  Teive  e  Argollo,  of  London,  England,  elected  Member, 
October  2d,  1895 ;  died  May  14th,  1916. 

Edward  Canfield,  of  Middletown,  N.  Y.,  elected  Member,  Decem- 
ber 3d,  1879 ;  died  August  18th,  1916. 

Henry  Arthur  Hall,  of  Sumner,  Wash.,  elected  Member,  May  7th, 
1902;  died  June  6th,  1916. 

Arthur  Hider,  of  Greenville,  Miss.,  elected  Member,  September 
7th,  1881 ;  date  of  death  unknown. 

Joseph  Otis  Osgood,  of  New  York  City,  elected  Junior,  May  3d, 
1876;  Member,  March  5th,  1879;  died  June  28th,  1916. 

William  Eodney  Patterson,  of  Chicago,  111.,  elected  Member,  May 
4th,  1909;  died  July  20th,  1916. 

Ernest  Frederick  Tabor,  of  St.  Ignatius,  Mont.,  elected  Member, 
May  1st,  1907 ;  died  August  20th,  1916. 

Frank  Joseph  Conlon,  of  Brooklyn,  N.  Y.,  elected  Associate  Mem- 
ber, March  2d,  1915 ;  died  June  28th,  1916. 

Stanley  Hastings  McMullen,  of  Jeffersonville,  Ind.,  elected  Asso- 
ciate Member,  November  3d,  1915;  died  July  12th,  1916. 

Roy  Karl  Schlafly,  of  Columbus,  Ohio,  elected  Associate  Member, 
September  3d,  1913 ;  date  of  death  unknown. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

September  I2th,  1916. — The  Board  met  at  10.30  p.  m.;  Vice- 
President  Craven  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  Messrs.  Bush,  Davies,  Endicott,  Harwood,  and  Tuttle. 

Ballots  for  Membership  were  canvassed,  resulting  in  the  election 
of  19  Members,  50  Associate  Members,  5  Associates,  and  19  Juniors, 
and  the  transfer  of  25  Juniors  to  the  grade  of  Associate  Member. 

Nine  Associate  Members  were  transferred  to  the  grade  of  Member. 

A  Report  from  the  Membership  Committee  was  received  and  acted 
upon. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

October  4th,  1916.— 8.30  P.  M.— This  will  be  a  regular  business 
meeting.  A  paper  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  entitled 
''Underpinning  Trinity  Vestry  Building  for  Subway  Construction", 
will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  August,  1916. 

October  i8th,  1916.— 8.30  P.  M. — At  this  meeting  a  paper  by 
J.  B.  Lippincott,  M.  Am.  Soc.  C.  E.,  entitled  "A  Method  of  Determin- 
ing a  Reasonable  Service  Rate  for  Municipally  Owned  Public  Utili- 
ties", will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

November  ist,  1916.— 8.30  P.  M. — A  regular  business  meeting  will 
be  held,  and  a  paper  by  F.  H.  Peters,  Assoc.  M.  Am.  Soc.  C.  E., 
entitled  "A  Complete  Method  for  the  Classification  of  Irrigable 
Lands",  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

SEARCHES   IN  THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  searches 
have  been  made,  and  bibliographies  and  other  information  on  special 
subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In 
that  case  the  material  may  be  reproduced  by  photography,  and  this 
can  be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which 
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is  small.  This  method  is  particularly  useful  when  there  are  drawings 
or  figures  in  the  text,  which  would  be  very  expensive  to  reproduce 
by  hand. 

PAPERS   AND   DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  \vill  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN   SOCIETY  OF  CIVIL   ENGINEERS 
San  Francisco  Association,  Organized  1905. 

President^  H.  L.  Haehl;  Secretary,  E.  T.  Thurston,  57  Post  Street, 
San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
6  P.  M.,  at  the  Palace  Hotel,  on  the  third  Tiiesday  of  February,  April, 
June,  August,  and  October,  and  the  third  Friday  of  December,  the 
last  being  the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

(Abstract  of  Minutes  of  Meeting) 

August  15th,  1916. — The  meeting  was  called  to  order  at  the  Palace 
Hotel ;  President  H.  L.  Haehl  in  the  chair ;  E.  T.  Thurston,  Secretary ; 
and  present,  also,  74  members  and  guests. 
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The  jiuosts  of  the  Association  at  this  nieotiiif?  were  Wilbur  J. 
Watson,  M.  Am.  Soc.  C.  E.,  and  Mr.  Harlan  D.  Miller,  of  Cleveland. 
Ohio,  E.  E.  Howard,  M.  Am.  Soc.  C.  E.,  of  Kansas  City,  Mo.,  and 
Charles  Evan  Fowler,  M.  Am.  Soc.  C.  E.,  of  Seattle,  Wa^h. 

The  Secretary  read  a  preliminary  report  of  the  Committee 
appointed  to  consider  the  suggestions  contained  in  President  Haehl's 
Inaugural  Address  on  ''The  Growth  in  Power  and  Usefulness  of  the 
Association".  In  view  of  the  fact  that  the  projwsed  amendments  to 
the  Constitution  of  the  Society  will  greatly  affect  this  problem,  the 
Committee  recommended  that  the  matter  be  held  in  abeyance  pending 
final  action  on  the  amendments. 

Messrs.  Cattell,  Duryea,  and  Couchot,  a  committee  appointed  to 
attend  the  public  hearing  before  a  Board  of  United  States  Army 
Engineers,  in  the  matter  of  the  San  Francisco-Oakland  Bridge,  re- 
ported that  plans  for  such  a  bridge  had  been  submitted  by  Messrs. 
Wilbur  J.  Watson  and  Harlan  D.  Miller,  and  by  Mr.  Charles  Evan 
Fowler,  and  as  these  gentlemen  were  present  at  the  meeting,  suggested 
that  they  be  called  on  to  speak. 

Brief  addresses  were  made  by  Messrs.  W^atson,  Miller,  Howard, 
and  Fowler,  and  Mr.  Fowler  showed  stereopticon  views  of  bridge  struc- 
tures, illustrating  the  evolution  of  bridges  and  exhibiting  interesting 
details  of  modern  bridge  construction. 

The  entertainment  provided  by  the  Committee  consisted  of  a 
male  quartet  from  the  University  of  California.  President  Haehl 
appointed  Messrs.  Charles  Oilman  Hyde,  F.  S.  Foote,  Jr.,  and  B.  ,A. 
Etcheverry,  as  the  Entertainment  Committee  for  the  October  meeting. 

A  paper  on  "The  Proper  Relation  of  Responsibility  and  Authority" 
was  presented  by  Mr.  George  L.  Dillman,  but,  owing  to  the  lateness 
of  the  hour,  on  motion,  duly  seconded,  discussion  thereon  was  post- 
poned until  some  future  meeting. 

Adjourned. 

Colorado  Association,  Organized  1908. 

President,  Thomas  W.  Jaycox;  Secretary-Treasurer,  L.  R. 
Hinman,  1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  xlmerican  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  M.,  at  Daniels 
&  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association,  Organized  1912. 

President,  Paul  H.  Norcross;  Secretary-Treasurer,  Thomas  P. 
Branch,  Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 
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Baltimore  Association,  Organized  I9i4. 

President,  H.  D.  Bush;  Secretary-Treasurer,  Charles  J.  Tilden, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

President,  Eobert  Hoifmann;  Secretary-Treasurer,  George  H. 
Tinker,  Hickox  Building,  Cleveland,  Ohio. 

District  of  Columbia  Association,  Organized  1916. 

President,  A.  P.  Davis;  Secretary-Treasurer,  John  C.  Hoyt,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Illinois  Association,  Organized  1916. 

President,  Onward  Bates;  Secretary-Treasurer,  E.  N.  Layfield, 
4251  Vincennes  Avenue,  Chicago,  111, 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Louisiana  Association,  Organized  1914. 

President,  W.  B.  Gregory;  Secretary,  E.  H.  Coleman,  920  Hibernia 
Building,  New  Orleans,  La. 

Northwestern  Association,  Organized  1914. 

President,  W.  L.  Darling;  Secretary,  Ralph  D.  Thomas,  Minne- 
apolis, Minn. 

Philadelphia  Association,  Organized  1913. 

President,  Edward  B.  Temple;  Secretary,  W.  L.  Stevenson,  412 
City  Hall,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

President,  J.  P.  Newell;  Secretary,  J.  A.  Currey,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  1914. 

President,  J.  A.  Ockerson;  Secretary-Treasurer,  Gurdon  G.  Black, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

President,  George  Butler;  Secretary-Treasurer,  J.  R.  Comly,  4105 
Falcon  Street,  San  Diego,  Cal. 
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Seattle  Association,  Organized  1913. 

President,  A.  O.  Powell;  Secretary-Treasurer,  Carl  H.  Reeves, 
4722  Latoiia  Avenue,  Seattle,  Wash. 

The  roiiular  moetinii-s  of  the  Association  are  held  at  12.15  p.  M.,  on 
the  last  Monday  of  each  month,  at  The  Northold  Inn,  212  University 
Street. 

(Ahstract  of  Minutes  of  Meetings) 

July  31st,  1916.— The  meeting  was  called  to  order  at  12.15  P.  M., 
at  The  Northold  Inn;  President  A.  0.  Powell  in  the  chair;  Carl  H. 
Reeves,  Secretary;  and  present,  also,  IG  members  and  guests. 

The  minutes  of  the  meeting  of  Jime  26th,  1916,  were  read  and 
approved. 

The  President  announced  that  he  had  appointed  Messrs.  Henry  L. 
Gray,  Chairman,  T.  A.  Noble,  and  Paul  P.  Whitham,  as  delegates 
to  the  Water  Code  Conference  which  was  held  in  Tacoma,  Wash.,  on 
July  nth-12th,  1916. 

Mr.  A.  Miinster,  Chairman  of  the  Soils  Committee,  reported  on 
the  work  and  meetings  of  that  Committee. 

In  the  absence  of  Mr.  Gray,  a  brief  report  on  the  work  of  the 
Water  Code  Conference  was  presented  by  Mr.  Noble,  in  which  he 
stated  that  a  Conference  Committee  of  seven  had  been  appointed  to 
compile  suggestions  received  relative  to  the  Water  Code  and  to  draw 
up  a  bill  to  be  submitted  to  a  general  meeting  of  the  Conference  to 
be  held  in  North  Yakima  in  November. 

The  President  called  the  attention  of  the  meeting  to  the  fact  that 
the  Conference  Committee  was  composed  of  three  lawyers,  three 
engineers,  and  one  business  man,  and  that  of  the  three  engineers,  all 
of  whom  were  members  of  the  Society,  two  were  also  members  of 
the  Association. 

Mr.  Bertram  D.  Dean,  representing  the  Association  on  the  Creosoted 
Timbers  Committee,  presented  a  progress  report  of  the  work  of  that 
Committee. 

The  resignation  of  Mr.  Arthur  T.  Nelson,  as  a  member  of  the 
Association,  on  account  of  removal  from  the  city,  was  read  and  accepted. 

A  discussion  of  the  relations  between  the  National  Engineering 
Societies  and  the  Local  Associations  of  their  members,  which  had 
been  set  down  for  this  meeting,  was  opened  by  Mr.  Ernest  B.  Hussey, 
and  the  subject  was  also  discussed  by  Messrs.  Fuller,  Noble,  Powell, 
and  Reeves. 

On  motion,  duly  seconded,  it  was  decided  to  appoint  a  committee 
to  report  on  this  subject  as  discussed  and  printed  on  page  317,  ei  seq., 
of  the  May,  1916,  Proceedings  of  the  Society. 

Mr.  A.  D.  Butler,  Secretary  of  the  Spokane  Association,  addressed 
the  meeting,  referring  briefly  to  the  relationship  between  the  various 
technical  associations  of  Spokane  and  the  National  Societies,  and 
also  to  the  proposed  Water  Code  of  the  State  of  Washington. 

Adjourned. 

August  28th,  1916.— The  meeting  was  called  to  order  at  12.15  P.  M., 
at  The  Northold  Inn;  President  A.  O.  Powell  in  the  chair;  Carl  H. 
Reeves,  Secretary;  and  present,  also,  15  members  and  guests. 
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The  minutes  of  the  meeting  of  July* 31st,  1916,  Vere  t-ea^  and, 
after  slight  correction,  approved. 

The  President  announced  that,  in  accordance  with  the  action  of 
the  Association  at  its  meeting  of  July  31st,  1916,  he  had  appointed 
Messrs.  A.  H.  Fuller,  E.  B.  Hussey,  and  Joseph  Jacobs  as  a  committee 
to  report  on  the  subject-matter  covered  on  page  317  et  seq.,  of  the 
May,  1916,  Proceedings  of  the  Society,  namely,  the  relations  existing 
between  National  Engineering  Societies  and  local  associations  of  their 
members. 

On  motion,  duly  seconded,  Messrs.  H.  F.  Flynn  and  P.  A.  Franklin 
were  appointed  as  additional  members  of  this  Committee. 

Mr.  C.  C.  Moore  was  appointed  to  fill  the  vacancy  on  the  Soils  Com- 
mittee caused  by  the  removal  of  Mr.  J.  R.  West  to  China. 

The  question  of  a  change  in  the  place  for  holding  the  regular 
monthly  meetings  and  luncheons  was  discussed,  and  the  Secretary- 
Treasurer  was  instructed  to  see  what  other  arrangements  could  be 
made  and  to  act  with  President  Powell  in  making  a  selection. 

Mr.  Henry  L.  Gray,  Chairman  of  the  Water  Code  Conference  Com- 
mittee, presented  his  report  in  a  letter  to  the  President.  After  dis- 
cussion by  Messrs.  Hussey,  Powell,  Gray,  Jacobs,  and  Dean,  on  motion, 
duly  seconded,  the  letter  report  was  accepted  and  placed  on  file,  and 
the  Committee  was  instructed  to  amend  the  present  Water  Code 
Bill  to  cover  the  ideas  set  forth  in  the  Report  and  the  suggestions  made 
by  the  members  who  discussed  it. 

On  motion,  duly  seconded,  the  question  of  co-operation  with  the 
local  architects  in  re  a  licensing  bill  to  be  presented  to  the  next  Legis- 
lature, was  referred  to  the  Legislative  Committee. 

Adjourned. 

Southern  California  Association,  Organized  1914. 

'J.  President  William  Mulholland;  Secretary,  W.  K.  Barnard,  701 
Central  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  June,  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary.   , 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

July  I2th,  1916. — The  meeting  was  called  to  order  at  the  Hotel 
Clark,  at  6.45  P.  m.;  Vice-President  Louis  C.  Hill  in  the  chair;  F.  G. 
Dessery,  Temporary  Secretary,  acting  as  Secretary. 

The  minutes  of  the  meetings  of  the  Association,  of  April  8th,  1916, 
and  of  the  Board  of  Directors,  of  May  12th,  1916,  were  read  and 
approved. 
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The  Secretary  read  a  letter  from  F.  H.  Newell,  M.  Am.  Soc.  C.  E., 
addressed  to  Mr.  J.  B.  Lippiucott,  relative  to  a  "Federal  Water  LaV. 
The  subject  was  discussed  by  Mr.  Hill,  and  it  was  suggested  that  a 
committee  be  appointed  to  co-operate  in  the  matter.  President 
Mulholland  appointed  Messrs.  Hill,  Hawgood,  and  Quinton,  as  such 
Committee. 

A  paper  by  Mr.  J.  C.  Allison,  entitled  "Control  of  the  Colorado 
River  as  Eelated  to  the  Protection  of  Imperial  Valley",  was  presented 
by  the  author,  and  the  subject  was  discussed  by  Messrs.  Hill,  Binckley, 
Smith,  Olberg,  Dennis,  and  Moody. 

Mr.  Harold  Fisk  Holley  was  admitted  as  a  Member  of  the  Asso- 
ciation. 

On  motion,  duly  seconded,  the  following  resolution  was  adopted 
unanimously : 

"Whereas,  It  is  the  duty  of  every  patriotic  engineer  to  prepare 
himself  to  be  of  the  greatest  service  to  his  country  in  time  of  need ;  and 

"Whereas,  The  Engineering  Corps  of  California  is  striving  to  effect 
this  object;  therefore  be  it 

"Resolved,  by  the  Southern  California  Association  of  Members  of 
the  American  Society  of  Civil  Engineers,  that  we  heartily  endorse  the 
purposes  of  the  California  Corps  of  Engineers." 

Mr.  Binckley,  of  the  Meteorological  Committee,  reported  progress. 
On  motion,  duly  seconded,  a  vote  of  thanks  was  given  Mr.  Allison 
lor  his  instructive  paper. 
Adjourned. 

Spokane  Association,  Organized  1914. 

President,*  Ulysses  B.  Hough;  Secretary,  A.  D.  Butler,  Spokane, 
Wash. 

Texas  Association,  Organized  1913. 

President,  John  B.  Hawley;  Secretary,  J.  F.  Witt,  Dallas,  Tex. 
Utah  Association,  Organized  1916. 

President.  E.  C.  La  Rue;  Secretary-Treasurer,  H.  S.  Kleinschmidt, 
306  Dooley  Building,  Salt  Lake  City,  Utah. 

MINUTES   OF   MEETINGS   OF 

SPECIAL   COMMITTEES 

TO   REPORT   UPON    ENGINEERING    SUBJECTS 

Special  Committee  on  Steel  Columns  and  Struts 

June  28th,  1916.— The  meeting  was  called  to  order  at  12  m.,  on 
the  Steamer  Sxinshine  during  the  trip  down  the  Monongahela  River, 
at  the  Annual  Convention,  Pittsburgh,  Pa.  Present,  George  H. 
Pegram  (Chairman),  Charles  F.  Loweth,  George  F.  Swain,  and  Lewis 
D.  Rights  (Secretary).  Dr.  G.  R.  Olshausen,  of  the  Bureau  of 
Standards,  was  also  present. 

The  minutes  of  the  meeting  of  April  6th,  1916,  were  approved 
as  written.  aiasnigna  = 
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For  the  Committee  on  Initial  Sets,  Dr.  Olshausen  reported  prog- 
ress. Attention  was  called  to  the  discussion  before  the  Annual 
Meeting  of  the  American  Society  for  Testing  Materials  on  the  rela- 
tion between  yield  point,  elastic  limit,  and  proportional  limit.  Dr. 
Olshausen  stated  that  he  had  submitted  a  discussion  on  these  subjects 
to  that  Society,  and  agreed  to  send  copies  of  his  discussion  to  the 
members  of  the  committee,  together  with  a  report  on  the  same  subjects 
which  he  had  recently  made  to  other  departments  of  the  United  States 
Government.     The  Committee  was  continued. 

Dr.  Olshausen  reported  that  the  Bureau  of  Standards  had  not 
had  an  opportunity  to  make  the  necessary  experiments  preliminary 
to  proceeding  with  the  transverse  tests. 

On  motion,  duly  seconded,  the  matter  of  special  grades  of  steel 
and  the  question  of  heat  treatment  were  left  open,  to  be  considered 
in  connection  with  a  subsequent  programme. 

After  adjourning  at  1  P.  M.  for  luncheon,  the  meeting  was  called 
to  order  at  2  p.  M. 

After  considerable  discussion,  on  motion,  duly  seconded,  the  Chair- 
man and  Secretary  were  ordered  to  prepare  an  abstract  of  all  the 
discussions  which  have  been  received  on  Safe  Working  Stresses  and 
to  submit  it  to  the  members  of  the  Committee.  Mr.  J.  R.  Wprcester 
M'ill  be  requested  to  submit  his  closing  discussion  at  a  subsequent 
meeting. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  33  West  Thirty-ninth 

Street,  New  York  City. 
American   Institute  of  Mining  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
Architekten=Verein  zu  Berlin,  Wilhelmstrasse  92,  Berlin  W.   66, 

Germany. 
Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
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Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  40  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920 
Walnut  Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  31  South  Front  Street, 
Harrisburg,  Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Build- 
ing, Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,  The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 
and  St.  Ann  Streets,  New  Orleans,  La. 

Memphis  Engineers'  Club,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  Ingenieur=  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 
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Pacific  Northwest  Society  of  Engineers,  312  Central  Building, 
Seattle,  Wash. 

Rochester  Engineering  Society,  Kochester,  N.  Y. 

Sachsischer  Ingenieur=-  und  Architekten-Verein,  Dresden,  Ger- 
many. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Vermont  Society  of  Engineers,  George  A.  Reed,  Secretary,  Mont- 
pelier,  Vt. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chi- 
cago, 111. 
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(jb'rom  August  2d  to  September  5th,  191G) 

DONATIONS* 
WATER  WORKS  HANDBUOK 

Compiled  by  Alfred  Douglas  Flinn  and  Robert  Spurr  Weston, 
Members,  Am.  Soc.  C.  E.,  and  Clinton  Lathrop  Bogert,  Assoc.  M.  Am. 
Soc.  C.  E.  Cloth,  9^  X  61  in.,  illus..  9  +  824  pp.  New  York,  McGraw- 
Hill  Book  Company.  Inc.;  London,  Hill  l^ublishing  Co.,  Ltd.,  1916. 
^(3.00. 

This  book  gives,  the  preface  states,  a  usable  compilation  of  information, 
old  and  new,  on  hydraulics  and  water  supplies,  for  the  water-works  engineer 
and  superintendent,  the  designer,  constructor,  operator,  and  inspector.  The  subject- 
matter,  which  has  been  accumulated  by  the  compilers  in  the  course  of  their 
practice  in  the  various  branches  of  water-works  engineering,  is  arranged  by 
grouping  the  contents  under  the  natural  topics,  each  topic  being-  subdivided  and 
its  divisions  arranged  sequentially.  All  matter  not  readily  classified  is  arranged 
under  the  heading.  Miscellany.  The  user  is  assumed  to  be  familiar  with  mathe- 
matics, hydraulics,  the  natural  sciences,  and  water-works  construction,  operation 
and  maintenance,  and  to  possess  ordinary  mathematical  tables.  Instead  of  rules 
or  formulas,  data  have  been  given,  in  some  cases,  from  which  the  engineer  can 
make  his  own  determinations  in  accordance  with  local  conditions,  etc.  Descriptions 
of  materials,  apparatus,  equipment,  methods,  formulas,  and  business  concerns  are 
included,  but  mention  of  them,  it  is  stated,  does  not  necessarily  imply  approval 
by  the  compilers.  The  specification^;  included  have  been  stripped,  it  is  said,  of 
useless  non-technical  matter  and  woids,  in  order  that  the  user  may  amplify  and 
arrange  his  own  materials  in  proper  form  when  preparing  a  contract.  The  Contents 
are:  Part  I,  Sources  of  Water  Supply;  Part  II,  Collection  of  Water;  Part  III, 
Transportation  and  Delivery  of  Water;  Part  IV,  Distribution  of  Water;  Part  V, 
Character   and   Treatment   of   Water  ;    Index. 

MOSQUITO  CONTROL  IN  PANAMA: 

The  Eradication  of  Malaria  and  Yellow  Fever  in  Cuba  and  Panama. 
By  Joseph  A.  Le  Prince  and  A.  J.  Orenstein.  With  an  Introduction 
bv  L.  O.  Howard.  Cloth,  Si  x  6^  in.,  illus.,  17  +  335  pp.  New  York 
and  London,  G.  P.  Putnam's  Sons,  1916.    $2.50. 

One  of  the  authors,  Mr.  Le  Prince,  was  with  General  Gorgas,  as  his  Chief 
Assistant,  during  the  health  campaign  against  malaria  and  yellow  fever  in  Cuba. 
When  General  Gorges  was  sent  to  the  Canal  Zone  by  the  Isthmian  Canal  Com- 
mission, Mr.  Le  Prince  went  with  him,  and  this  book  contains  a  carefully  prepared, 
detailed  record  of  how  both  places  were  cleared  of  mosquitoes,  and  consequently 
of  malaria  and  yellow  fever,  the  study  made  of  their  habits,  etc.,  the  methods 
used  to  eradicate  them  and  protect  the  people  from  their  bite,  the  system  of 
inspection  installed,  etc.,  etc.  The  work  of  these  men  has  been  an  object  lesson 
for  sanitarians  all  over  the  world,  and  has  demonstrated,  it  is  stated,  that  it  is 
possible  for  the  white  man  to  live  healthfully  in  the  tropics.  This  record  of  their 
■work,  therefore,  should  prove  of  great  practical  importance  as  a  guide  in  future 
■work'  of  the  same  character,  especially  in  the  tropics,  as  well  as  of  permanent 
historic  value  of  work  already  accomplished.  The  Contents  are:  Part  I,  Ant^ 
Malaria  Campaign  :  The  Status  of  Knowledge  of  Anti-Malaria  Work  in  1904  and 
the  Previous  Campaign  in  Havana  ;  The  Situation  on  the  Isthmus  in  1904,  Before 
American  Occupation  ;  Meteorological  and  Topographical  Conditions  ;  The  Species 
of  Anopheles  on  the  Isthmus  ;  Anopheles  Propagation  Areas ;  Harboring  Places 
and  Food  of  Anopheles  ;  Flight  and  Attraction  of  Mosquitoes  ;  Attack  on  Propagation 
Areas  by  Pilling  ;  By  Drainage  ;  By  Oiling ;  By  Larvacides  ;  By  Natural  Rnemies  ; 
By  Clearing  Bodies  of  Water  ;  By  Removal  of  Jungle  ;  Screening  and  Practical 
Destruction  of  Adult  Anopheles  in  Houses ;  The  Results  Accomplished  by  the 
Anti-Malaria  Campaign.  Part  II,  The  Yellow  Fever  Campaign  :  The  Campaign  in 
Havana  ■  The  Situation  on  the  Isthmus  before  Sanitary  Work  was  Started  ;  Geography, 
Meteorology  etc.,  and  Their  Bearing  on  the  Presence  of  Aedes  Culopus  ;  The  First 
Sanitary  Work  Done  in  Panama;  The  Anti-Yellow  Fever  Campaign  and  Its  Results; 
Measures  Taken  to  Keep  the  Isthmus  Free  from  Yellow  Fever  ;  The  Value  of  Yellow 
Fever  Eradication  in  the  Construction  of  the  Panama  Canal  ;  Index.  •  ■::;  •.     . 


*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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HANDBOOK  FOR  HIGHWAY  ENGINEERS : 


Part  I,  Principles  of  Design;  Part  II,  Practice  of  Design  and 
Construction.  By  Wilson  G.  Harger,  Assoc.  M.  Am.  Soc.  C.  E.,  and 
Edmund  A.  Bonney.  Second  Edition,  Entirely  Revised  and  Enlarged. 
Morocco,  7  X  4i  in.,  illus.,  16  +  609  pp.  New  York,  McGraw-Hill 
Book  Company,  Inc. ;  London,  Hill  Publishing  Co.,  Ltd.,  1916.     $3.00. 

In  the  preface  to  the  first  edition,  issued  in  1912,  and  in  the  secondary  title, 
it  is  stated  that  the  purpose  of  this  book  is  to  collect,  in  a  compact  and  converyent 
form,  information  ordinarily  used  in  the  design  and  construction  of  roads  warranting 
an  expenditure  of  from  $5  000  to  $30  000  per  mile.  The  book,  it  is  said,  has  been 
designed  to  meet  the  requirenients  of  both  experienced  and  inexperienced  road 
men,  and  the  collection  of  cost  data  and  the  tables,  it  is  hoped,  will  prove  useful 
to  all  who  are  engaged  in  road  work.  Considerable  progress  has  been  made  in 
the  practice  of  road  design  and  construction  since  the  publication  of  the  first 
edition  of  this  work,  and  this  has  necessitated  a  thorough  revision  of  the  subject- 
matter.  The  authors,  therefore,  have  brought  the  material  on  top  courses  up 
to  date  and  have  added,  it  is  stated,  considerable  data  on  tests,  designs,  costs, 
maintenance,  and  specifications,  as  well  as  approximately  100  pages  of  new  matter, 
and  a  more  complete  and  systematic  index.  The  Contents  are:  Part  I,  Principles 
of  Design  :  Grades  and  Alignment  ;  Sections :  Drainage  ;  Foundations  for  Broken 
Stone  Roads  ;  Top  Courses  and  Their  Maintenance  ;  Minor  Points  ;  Materials.  Part 
II,  Practice  of  Design  and  Construction  :  The  Survey  ;  Office  Practice ;  Cost  Data 
and  Estimates;  Notes  on  Construction;  Specifications;  Tables;  Appendix  A,  Traffic 
Rules  and  Regulations  of  the  State  of  Ohio  ;  Traffic  Regulations,  State  of  New 
York  ;  Index. 

THE  CONSTRUCTION  OF  ROADS  AND  PAVEMENTS. 

By  T.  R.  Agg.  Cloth,  di  X  Gi  in.,  illus.,  7  +  432  pp.  New  York, 
McGraw-Hill  Book  Company,  Inc.;  London,  Hill  Publishing  Co.,  Ltd., 
1916,    $3.00. 

This  book  was  written,  the  preface  states,  to  meet  the  need  for  a  concise 
presentation  of  approved  practice  in  the  construction  of  roads  and  pavements 
and  of  the  principle-^  involved  therein.  It  is  intended  primarily  for  use  as  a 
textbook  by  engineering  students  in  a  2-  or  3-hour  course  in  highway  engineering. 
The  author,  however,  has  also  included  typical  designs  and  specifications,  processes 
of  selecting,  testing,  and  mixing  materia4s,  descriptions  of  plant  used,  methods 
of  construction,  results  of  traffic,  etc..  as  well  as  numerous  tables  and  examples 
of  practice  in  the  different  States,  which,  it  is  said,  should  make  it  valuable  as 
a  reference  book  for  highway  engineers.  The  Chapter  headings  are  :  The  Develop- 
ment of  Highway  Systems  ;  Surveys  and  Plans  for  Roads  and  Pavements  ;  The 
Design  of  Rural  Highways ;  The  ConstTuction  and  Maintenance  of  Earth  Roads  ; 
Testing  Non-Bituminous  Road  Materials  ;  Sand-Clay  Roads  ;  Gravel  Roads  ;  Water- 
Bound  Macadam  Roads  and  Pavements  ;  Concrete  Roads  and  Pavements ;  Vitrified 
Brick  Roads  and  Pavements  ;  Wood-Block  Pavements  ;  Stone-Block  Pavements ; 
Bituminous  Road  and  Pavement  Materials ;  Dust  Layers  and  Bituminous  Carpets ; 
Penetration  and  Mixed  Macadam  Roads  and  Pavements ;  Sheet  Asphalt  and 
Asphaltic  Concrete  Surfaces ;  Selection  of  Type  of  Surface  for  Rural  Highways ; 
Selection  of  Type  of  Pavement  Surface ;  The  Design  of  Pavements ;  Tests  for 
Bituminous   Road    and    Paving   Materials ;    Glossary  ;    Index. 

TACHEOMETER  SURVEYING 

With  Special  Notes  on  Plotting,  Care  and  Adjustment  of  Instru- 
ments, Field  Work,  and  Calculations.  By  M.  E.  Yorke  Eliot.  Cloth, 
7i  X  5  in.,  illus.,  10  +  148  pp.  London,  E.  &  E.  N.  Spon,  Ltd.;  New 
York,  Spon  &  Chamberlain,  1916.     $2.00. 

The  author,  it  is  stated,  has  endeavored  in  this  book  to  give  such  information 
relative  to  the  ai  tual  handling  of  instruments  in  the  field  and  the  methods 
adopted  for  working  out  the  calculations  in  the  office  as  will  enable  the  engineering 
student  to  teach  himself  the  practice  which  is  based  on  theory.  To  that  end  the 
first  four  chapters  of  the  book  are  devoted  to  preliminary  explanations  of  the 
tacheometer  and  the  methods  of  handling  it,  etc.  Chapters  V  to  VII,  inclusive, 
describe  the  working  out  of  an  actual  survey  with  the  instrument,  the  operations, 
and  the  reasons  for  them,  being  explained  step  by  step,  from  the  selection  and 
marking  of  the  station  points  through  the  field  work,  the  booking  of  figures,  and 
office   calculations   made  for   the   production   of  the   plan,  to   the  calculation  of   lines 
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and  areas,  etc.,  made  from  the  data  of  the  survey  or  from  the  plan  itself.  Explana- 
tions and  illu.^trations  of  alternative  methods  are  also  given.  Chapter  VIII  is 
devoted  to  the  adjustments  of  the  tacheometer,  with  a  short  description  of  recent 
and  practical  modifications  of  the  instrument,  and,  in  Chapter  IX,  the  principles  of 
construction  of  the  slide  rule  are  explained,  as  well  as  the  application  of  the 
instrument  to  the  reduction  of  field  notes.  The  Contents  are :  Instruments ;  The 
Handling  of  Instruments  ;  The  Survey  of  a  Simple  Enclosure  or  Figure  Bounded 
by  Straight  Lines  ;  Determination  of  Heights  and  Horizontal  Distances  when 
Vertical  Angles  are  Used  :  Field  Work  of  a  Contour  Survey  ;  Plotting  ;  Calculation 
of  Lines  and  Areas  from  Co-Ordinates  ;  Adjustments  of  the  Tacheometer  ;  The  Slide- 
Rule  ;   Field  Book:   Index. 

POCKET-BOOK  OF  USEFUL  FORMUL/E  AND  MEMORANDA 

For  Civil,  Mechanical  and  Electrical  Engineers.  By  Sir  Guilford 
L.  Molesworth  and  Harry  Bridges  Molesworth.  Twenty-seventh  Edi- 
tion, Eevised  and  Enlarged,  with  an  Electrical  Supplement,  by  Walter 
H.  Molesworth.  Cloth,  3i  x  5  in.,  illus.,  7  -f  936  pp.  London,  E.  &  F. 
N.  Spoil,  Ltd. ;  Xew  York,  Spon  &  Chamberlain,  1916. 

In  the  preface  to  this,  the  "Jubilee",  edition,  it  is  stated  that  fifty  years 
have  elapsed  since  the  first  edition  of  this  Pocket-Book  was  published,  at  which 
time  there  were  few,  if  any,  engineering  schools  or  textbooks.  Progress  in  every 
branch  of  engineering  has  been  enormous  in  these  fifty  years,  and  the  authors,  it 
is  said,  have  spared  no  pains  to  keep  pace,  in  this  edition,  with  such  advance. 
The  contents,  as  stated  in  the  title,  consists  of  concise  and  comprehensive  formulas 
and  tables  for  the  use  of  the  civil,  mechanical,  and  electrical  engineer  in  his  every- 
day work,  gathered  from  many  sources  and  bound  in  convenient  form  for  carrying 
in  the  pocket.  A  partial  list  of  Contents  is :  Levelling,  Surveying,  Latitude  and 
Longitude  ;  Strength  and  Weight  of  Materials  ;  Earthwork,  Brickwork,  Masonry, 
Arches  and  Tunnels ;  Struts,  Columns,  Beams,  Floors  and  Roof.s  ;  Girders  and 
Bridges  ;  Railways  and  Roads ;  Hydraulics,  Canals,  Sewers,  Waterworks,  Docks, 
Irrigation,  Breakwaters,  Diving  and  Dredging;  Heat,  Light,  Colour  and  Sound, 
Ventilation,  Warming,  Refrigeration  and  Gas ;  Laws  of  Motion,  etc.  ;  Mill-work, 
etc.  ;  Workshop  Recipes ;  Miscellaneous  Machinery,  etc.  ;  Steam  ;  Steam,  Oil,  and 
Gas  Engines  ;  Animal  Power.  Water  Power,  and  Water  Motors ;  Wind,  Windmills, 
and  Pneumatic  Machines  :  Ships  and  Steam  Navigation  ;  Gunnery,  Projectiles,  etc.. 
Buoys  and  Moorings  ;  Chimneys,  etc.  ;  Aeronautics,  etc.,  etc. ;  Electrical  Supplement ; 
Index. 

FOWLER'S  MECHANICAL  ENGINEER'S  POCKET  BOOK.  1916. 

Edited  by  William  H.  Fowler.  Eighteenth  Annual  Edition.  Cloth, 
6  X  4  in.,  illus.,  66  +  576  pp.  Manchester,  England,  Scientific  Pub- 
lishing Co.,  1916.  2  shillings  6  pence.  (Donated  by  The  Norman, 
Remington  Co.) 

This  work  is  a  companion  volume  to  "Fowler's  Electrical  Engineer's  Handbook", 
and  includes  miscellaneous  tables  and  formulas  as  well  as  much  other  valuable 
data  for  the  use  of  the  mechanical  engineer.  The  Contents  are :  Steam  Boilers 
and  Fittings  ;  Fuels  and  Combustion  ;  Steam  Engines,  Steam  Turbines,  Locomotives  ; 
Steam  Tables  ;  Valves  and  Valve  Gears  ;  Internal  Combustion  Engines  ;  Hydraulics  ; 
Pumps  and  Pumping  Arrangements  ;  Gearing  and  Lubrication  ;  Hoisting  and 
Lifting  Machinery;  Iron  and  Steel;  Metals  and  Alloys;  Beams  and  Pillars;  Springs; 
Chemistry  ;    Ventilation    and    Heating ;    Index. 

FOWLER'S  MECHANICS'  AND  MACHINISTS'  POCKET  BOOK,  1916. 

Edited  by  William  H.  Fowler.  Eighth  Annual  Edition.  Boards, 
6x4  in.,  illus.,  50  +  460  pp.  Manchester,  England,  Scientific  Pub- 
lishing Co.,  1916.    7  pence.     (Donated  by  The  Norman,  Remington  Co.) 

In  a  secondary  title  it  is  stated  that  this  volume  contains  a  synopsis  of 
practical  rules  for  fitters,  turners,  millwrights,  erectors,  pattern  makers,  foundry- 
men,  draughtsmen,  apprentices,  students,  etc.,  thoroughly  revised  and  brought  up 
to  date.  The  Contents  are :  Handy  References  and  Tables,  Calculators ;  Materials 
Used  in  Machine  Construction  ;  Machine  Tool  Design  ;  Metal  Cutting  Tools,  Milling 
Cutters  ;  High-Speed  Tool  Steels,  Drilling  and  Boring  Metals ;  Screw  Threads, 
Screw  Cutting,  and  Taper  Turning:  Emery  and  Emery  Wheels,  Shop  Practice; 
Gearing,  Rope,  Belt,  and  Chain  Driving  :  Lifting  Ropes  and  Chains  ;  Index. 
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FOWLER'S  ELECTRICAL  ENGINEER'S  POCKET  BOOK,  1916. 

Edited  by  William  H.  Fowler.  Sixteenth  Annual  Edition.  Cloth, 
6x4  in.,  illus.,  50  +  512  pp.  Manchester,  England,  Scientific  Pub- 
lishing Company,  1916.  2  shillings  6  pence.  (Donated  by  The  ISTor- 
man.  Remington  Co.) 

This  book,  it  is  stated,  contains  exhaustive  information  on  electrical  engineering 
facts  and  data,  thoroughly  revised  and  brought  up  to  date.  The  Contents  are: 
Miscellaneous  Tables,  etc.  ;  Magnetism  and  Magnetic  Data  ;  Conductors  and  Insulat- 
ing Materials ;  Electric  Lighting  and  Wiring ;  Comparison  and  Measurement  of 
Resistances ;  Electrical  Measuring  Instruments  ;  Electricity  Meters ;  Primary  and 
Secondary  Batteries  ;  Dynamos  and  Motors ;  Alternate  Electric  Currents ;  Alter- 
nators ;  Transformers  ;  Alternate  Current  Motors ;  Switchboards,  Circuit  Breakers, 
and  Lightning  Arresters  ;  Power  Transmission  and  Distribution  ;  Converting  Plant ; 
Electric    Traction  ;    Rules    and    Regulations ;    Index. 

Gifts  have  also  been  received  from  the  following: 


Alabama-State  Highway  Dept.     2  pam. 
Aldershot  Gas,  Water  &  Dist.  Lighting  Co. 

1   pam. 
Am.   Road  Builders'  Assoc.      1   pam. 
Am.   Telephone  &  Telegraph   Co.      1   pam. 
Assoc,    of    Ontario    Land    Surveyors.       1 

pam. 
Australasian  Inst.  oC  Min.  Engrs.     6  vol., 

8   pam. 
Baltimore,    Md. -Water    Board.       1    bound 

vol. 
Belzner,   Theodore.     1   pam. 
Bilboa,   Spain-Junta  de  Obras  del  Puerto. 

1   bound  vol. 
Boston,  Mass. -City  Auditor.     1  bound  vol. 
Bowman,   Harry  F.      1  pam. 
British    Assoc,    for    the    Advancement    of 

Science.      1   bound  vol. 
British    Columbia-Minister    of    Mines.      1 

vol. 
Brockton,   Mass.-City   Engr.      1   pam. 
Buffalo,    Rochester   &   Pittsburgh    Ry. 

1  pam. 
Bureau   of  Ry.   Economics.      8   pam. 
Bureau    of    Ry.    News    and    Statistics. 

bound   vol. 
Bush,   H.   D.      1   pam. 
Case,  Gerald  O.     1   pam. 
Charleston,  S.  C. -Mayor. 
Colombia-Ministerio     de 

teriores.      1   pam. 
Detroit,    Mich.-Commr.    of    Public    Works. 

1  vol. 
Dooling,   Peter  J.      1   bound  vol. 
Egyptian    Delta   Light   Rys.    Co.,    Ltd.      1 

pam. 
Engrs.'  Club  of  Dayton.     1  pam. 
Fonda,  Johnstown  &  Gloversville  R.  R.  Co. 

1  pam. 
George,  James  Z.      1  pam. 
Georgia-Geol.    Survey.      1   bound  vol. 
Gloucester,  Mass. -Water  Commrs.     1  pam. 
Hering  &  Gregory.     405  bound  vol.,  1  457 

vol. 
Illinois,  Univ.  of.     2  bound  vol.,  1  vol. 
Institution  of  Mech  Engrs.       1  bound  vol. 
Inter.  Eng.  Congress.     1  bound  vol. 
Iowa-State  Highway  Comm.      1  pam. 
Jacobs,  Jacob  L.     1  pam. 
Lehigh   Valley    R.   R.   Co.      2   pam. 
Leland  Stanford,  Jr.,  Univ.     1  pam. 
MacArthur  Concrete  Pile  &  Foundation  Co. 

1  bound  vol. 
McKeesport,  Pa. -City  Comptroller.    1  pam. 


Co. 


1   bound  vol. 
Relaciones     Ex- 


Massachusetts-State    Dept.    of    Health.       1 

pam. 
Massachusetts-State   Highway    Comm.      1 

bound  vol. 
Metcalf  &  Eddy.     1  pam. 
Minnesota,  Univ.  of.     5  pam. 
Mississippi-Holly      Springs      Road      Dist. 

Comm.     1  pam. 
National  Elec.  Light  Assoc.      1   pam. 
National  Highways  Assoc,     maps. 
Nebraska-State  Ry.  Comm.     1  pam. 
New     Hampshire-Public     Service     Comm. 

2   pam. 
New      Jersey-Board     of     Commerce     and 

Navigation.     1  pam. 
New     Jersey-Bureau     of     Industrial     Sta- 
tistics.    1  bound  vol. 
New  Jersey-Civ.   Service  Comm.      1    pam. 
New   Jersey-Comptroller  of  the  Treasury. 

1  bound  vol. 
New    South   Wales-Metropolitan    Board   of 

Water  Supply.     1  vol. 
New  York  City-Dept.  of  Finance.     1  pam. 
New  York  City-Dept.  of  Health.     1  pam. 
New    York    State-Public    Service    Comm., 

Second  Dist.     6  pam. 
New  York  State  Chamber  of  Commerce.    1 

bound   vol. 
New  York  State  Univ.     3  pam. 
New    Zealand-Geol.     Survey     Branch.       1 

pam. 
New  Zealand-Minister  of  Rys.     1  pam. 
Pan-American   Scientific  Congress,   2d.      9 

pam. 
Pennsylvania-Bureau    of    Rys.       1    bound 

vol. 
Pennsylvania-Public    Service    Comm.      16 

pam. 
Pennsylvania-State  Forestry  Dept.    1  pam. 
Pennsylvania-State  Highway  Dept.    1  pam. 
Philippine  Islands,  Univ.  of.     1  pam. 
Presidents'  Conference  Committee.    2  pam. 
Quebec-Ministere   de   la    Colonisation,    des 

Mines  et  des  Pecheries.     1  vol. 
Reading,   Pa. -Bureau  of  Water.      1   bound 

vol. 
Rhodesia  Rys.  Co.,  Ltd.     1  pam. 
St.   Paul,   Minn. -Board  of  Water  Commrs. 

1  pam. 
Salt  Lake  City,  Utah-Board  of  Health.     1 

vol. 
Smithsonian  Institution.     1  vol. 
South  Dakota,  Univ.  of.     1  pam. 
Stocker,  Edward  C.      1  pam. 
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Svenska  Teknologforeningen.     1  panl. 
Tasmania-Geol.   Survey.      1   vol..    1    pam., 

1  map. 
Texas  Assoc,  of  Members  of  the  Am.  Soc. 

of  Civ.  Engrs.     10  pam. 
Tulane  Univ.     1  vol. 
Union  of  South  Africa-Gen.   Mgr.  of  Rys. 

and  Harbours.     1  vol. 
Union  of  South  Africa-Rand  Water  Board. 

1  vol. 
United  Shoe  Machinery  Co.     3  pam. 
U.  S. -Bureau  of  Insular  Affairs.      2  pam. 
U.  S. -Bureau  of  Mines.    6  pam. 
U.  S. -Bureau  of  Standards.     1  vol.,  2  pam. 
U.  S. -Bureau  of  the  Census.      1  pam. 


U.  S. -Coast  and  Geodetic  Survey.       2  pam. 

U.  S.-Commr.  of  Patents.      1  vol. 

U.  S.-Dept.  of  Agriculture.     9  pam. 

U.  S.-Engr.  Office,  Chicago,  111.       1  specif. 

U.  S.-Engr.  Office,  Dallas,  Tex.      1  specif. 

U.  S.-Gcol.  Survey.      5  vol.,  7  pam.,  9  maps. 

U.  S.-Lake  Survey  Offlcce.     1  pam. 

U.  S. -Office  of  Public  Roads.      2  pam. 

Universidad  Nacional  de  la  Plata.     1  pam. 

Vermont,  Univ.  of.     1  pam. 

West  Virginia-Geol.  Survey.     1  bound  vol., 

1  pam.,  1   map. 
Western  Univ.     1   pam. 
Woonsocket,  R.  I. -Water  Commrs.    1  pam. 
Wyoming,  Univ.  of.     2  pam. 


BY     PURCHASE 

Hydraulic  Flow  Reviewed :  A  Book  of  Reference  of  Standard 
Experiments  on  Pipes,  Channels,  Xotches,  Weirs,  and  Circular  Orifices, 
Together  with  New  Formulifi  Relating  Thereto.  By  Alfred  A.  Barnes. 
London,  1916. 

•   •'■    .f\    Inij-  


SUMMARY  OF  ACCESSIONS 

(From  August  2d  to  September  5th,  1916) 

Donations  (including  1  255  duplicates) 2  081 

By  purchase 1 

Total 2  082 
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MEMBERSHIP 

(From  August  4th  to  September  7th,  1916) 

ADDITIONS 

MEMBERS  Bate  of 

Membership. 

Elliott,  Malcolm.     U.  S.  Asst.  Engr.,  Louis-  )  Jun.  Nov.      5,  1907 

ville  and   Portland   Canal   Office,   Louis-   (.  Assoc.  M.  April     6,   1909 

ville,    Ky )   M.  June    24,  1916 

^,          T.            ,«^^  )    Jun.  Feb.       4,  1902 

Miller,   Stanley  Alfred.     Cons.   Ener..    1800  /     ,           ^.^  *      .,     .    ,^..o 

,,,             o^     r.  ^       T     T-             "^                  V  Assoc.  M.  April     6.   1909 

Monroe   St.,   Faducah,   ivy (,,  ,           ^       ,„,„ 

'       ^                                )   M.  June    24,   1916 

Perry,   Charles    Edwards.     Cons.   Hydr.   and  )    Assoc.  M.  Sept.     5,  1911 

San.  Engr.,  36  State  St.,  Albany,  N.  Y..    [   M.  Mar.    14,  1916 

ASSOCIATE    MEMBERS 

Cox,    John     Joseph.     Asst.     Prof.,     Civ.     Eng.,     Univ.     of 

Michigan,    Ann    Arbor,    Mich April   18,   1916 

Hammond,  Henry  Dennis.     Associate  Editor,  Engineering 

Record,  239  West  39th   St..  New  York  City Mar.    14.  1916 

Hastings,   Russell  Platt.     535   North   Com-  i    Jun.  Oct.        1,  1912 

stock  Ave.,  Wliittier,  Cal (    Assoc.  M.  May     31,   1916 

Legare,  Thomas  Keith.     City  Engr.,  City  Hall,  Columbia, 

S.    C Mar.    14,   1916 

McGrath,   John    Kilby.      Road    Engr.,    Fayetteville   Dist., 

Mt.    Hope,    W.    Va June    23,   1916 

Miller,    Roy    Everett.     Engr.,    Puget    Sound    Bridge    & 

Dredging  Co.,  432  Central   Bldg.,  Seattle,   Wash May     31,  1916 

Moth,   Robert  Henry.     Cons.   Engr.,   The   W.   J.   Sherman 

Co.,  Toledo   (Res.,  National  Hotel,  Cambridge),  Ohio.  May     31,  1916 

Mtjchemore,    Harrie    Langdon.     18    Summit  )    Jun.  Mar.      1,   1910 

Rd.,    Elizabeth,    N.    J [  Assoc.  M.  Aug.     31,  1915 

NoRDELL,     Carl     Hilder.     Engr.     of     Designs,     Sewerage 

Comm.,    City    Hall.    Milwaukee,    Wis June    23,   1916 

T.               TT            T.                        T^  I            -KT  \t       )    Jun.  Jan.       7,  1913 
Parker,  Henry  Brackette.     Delmar,  N.  Y..    ' 


\ 


Assoc.  M.  Mar.  14,  1916 
Post,    Clarence   W'illard.     Contr.    Engr.,    Eastern   Bridge 

&  Structural  Co.,  641A  Myrtle  Ave.,  Albany,  N.  Y..  June  23,  1916 
Schweizer,    Rudolph,    Jr.     Village    Engr.,    20    Edwin    St., 

Ridgefield    Park.    N.    J Mar.    14,  1916 

Shoemaker,  Roy  Hopkins.     Asst.  Engr.,  Bureau  of  Public 

Works,    Manila,    Philippine    Islands May     31,   1916 

Sjovall,    Arvid    Henry.     Dist.    Engi.,    Bureau    of    Public 

Works,    Capiz,    Capiz,    Philippine    Islands Mar.    14,   1916 

Telles,    Francisco    Teixeira    da    Silva.     Chf.    Municipal 

Engr,,   Prefeitura,    Santos,    Brazil June    23,  -1916 

Thayer,    James    Lawrence.     Chf.    Deputy    County    Engr., 

Lincoln   County,   Davenport,   Wash April   18,   1916 
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JUNIORS  Date  of 

Membership. 
AXDERSON.  Robert  Sumter.     Care,  Sanderson  &  Porter,  207 

Glallais   Bldg.,   Tulsa,   Okla Mar.  14,  191G 

LoiDA,  Joseph  Louis.  2016a  "Victor  St.,  St.  Louis,  Mo....  June  23,  1910 
Tracy.     Clarence     Cxtrtis.     Engr. -Draftsman,     The     New 

Jersey    Zinc    Co.,    Palmerton.    Pa Mar.  14,  1916 


CHANGES  OF  ADDRESS 

honorary  members 
Mackenzie.  Alexander.     Retired  Chf.  of  Engrs.  and  Maj.   Gen.,  U.  S.  A., 
1827  Belmont  Rd..  Wasliinpton,  D.  C. 

members 
Allaire,   Alexander.      Dist.  Mgr.,   The   Foundation   Co.,   Woolworth    Bidg., 

New  York  City. 
Anderson,  George  Gray.     Cons.  Engr.,  336  Consolidated  Realty  Bldg.,  Los 

Angeles,  Cal. 
Armstrong,  Walter  Root.     Engr.,  M.  of  W.,  U.  P.  System,  Omaha,  Nebr. 
Baker,     Holland     Williams.     U.     S.     Asst.     Engr.,     560     Carpenter     St., 

Columbus,  Ohio. 
BoGGS,  Frank   Cranstoun.     Maj.,   Corps   of   Engrs.,  U.   S.  A.;    Purchasing 

Depot  Engr.   Officer,  Room   512,   Gibbs  Bldg.,   San  Antonio,  Tex. 
Cole,  Harry  Outen.     120  Broadway,  Room  3529,  New  York  City. 
Contri,  Silvio.     10  rue  du  Laos,  Paris,. France. 
Conway,  George  Robert  Graham.     Care,  The  Mexican  Light  &  Power  Co., 

18  Manning  Arcade,  Toronto,  Ont.,  Canada. 
Cook,    Frederick    Scott.     Div    Engr.,    Dept.    of    Water    Supply,    Gas    and 

Electricity;   Res.,   Clinton  Ave.,  R.  2,  Plainfield,  N.  J. 
Crump,    Ralph    Lee.     Care,    Ford,    Bacon    &    Davis,    115    Broadway,    New 

York  City. 
Earle,   Thomas.     Vice-Pres.,    Bethelehem    Steel    Bridge    Corporation,    South 

Bethlehem,  Pa. 
Elliott,  James  Rutherford.     Cons.  Engr.,  2412  First  National  Bank  Bldg., 

Pittsburgh,  Pa. 
Enzian,  Charles.     Care,  P.  &  R.  C.  &  I.  Co.,  Pottsville.  Pa. 
EwiNG,  William  Wallace.     Special  Agt.,  Bureau  of  Foreign  and  Domestic 

Commerce,  Washington,  D.  C. 
Fisher,  Howell  Tracy.     8  Spring  Lane,  Englewood,  N.  J. 
Goodwin,    James    Bowman.     Asst.    Engr.,    Hydro-Elec.    Power    Comm.    of 

Ontario,  125  Culp  St.,  Niagara  Falls,  Ont.,  Canada. 
Gbanbery,  JtTLiAN  HASTINGS.     With  Richard  Norton,  Care,  Brown,  Shipley 

&  Co.,  123  Pall  Mall,  London,  England. 
Hazlehurst,    James    Nisbet.     Cons.    Municipal    Engr.,    P.    0.    Box    1273, 

Atlanta,  Ga. 
Hill,  Walter  Hovey.     Vice-Pre.s.,  Adams  County  Light  &  Power  Co.,  917 

Franklin  St.,  Boise,  Idaho. 
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MEMBEBS — (Continued) 

HODGMAN,  Harry.  U.  S.  Asst.  Engr.,  Missouri  Kiver  Impvt.,  Jefferson 
City,  Mo. 

Houston,  Gavin  Nelson.     Care,  Pershing  &   Titsworth,  Denver,  Colo. 

Howie,  Howard  Benson  Wilberforce.     Rockwood,  Tenn. 

HuTCHiNGs,  William  Evelyn.     1629  Everette  Ave.,  Louisville,  Ky. 

Jameson,  Charles  Davis.     Peking,  China. 

Johnson,  Lewis  E.  Care,  Bethlehem  Steel  Bridge  Corporation,  South 
Bethlehem,  Pa. 

Laird.  Harry  Snedden.     Lock  Box  588,  Clairton,  Pa. 

Mackenzie,  Alexander.  Retired  Chf.  of  Engrs.  and  Maj.  Gen.,  U.  S.  A., 
1827   Belmont  Rd.,  Washington,  D.   C, 

McNeal,  John.     Easton.  Pa. 

Palmer,  George  Frederick.  Care,  Holloway  Bros.  (London),  Ltd.,  Dor- 
nock,  nr.  Annan,  Scotland. 

Polleys,  William  Vaughan.     1413  Turks  Head  Bldg.,  Providence,  R.  I. 

Pollock,  Clarence  DuBois.  Cons.  Engr.  (Pollock  &  Taber),  Park  Row 
Bldg.,  New  York   City. 

Rhea,  Franic.     Care,  Samuel  A.  Rliea,  Saltsburg,  Pa. 

RiCHE,  Charles  Swift.  Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engr. 
Office,  508  Federal  Bldg.,  Chicago,  HI. 

Richmond,  Waldemar  Spaulding.  Civ.  and  Hydr.  Engr.,  429  West  Willis 
Ave.,  Detroit,  Mich.    ,    ^, [,.,;.  ^  .  .|    .,,,,(i 

Steece,  Emmet  Abner.  Supt.  of  Constr.,  U.  S.  Public  Bldgs.,  Falls 
City,   Nebr. 

Stevens,  John   Cyprian.     Hydr.  Engr.,  927   East  Kelly   St.,  Portland,  Ore. 

Stbickler,  Gratz  Brown.     615  Colorado  Bldg..  Washington,  D.  C. 

Taber,  George  Ayaiar.  Cons.  Piof.  of  Water  Supply  and  Sewage  Disposal, 
Brooklyn  Polytechnic  Inst. ;  Cons.  Engr.  (Pollock  &  Taber),  Park 
Row  Bldg.,  New  York  City.       ,, 

Taylor,  Hugh  McGehee.  Chf.  Engr.,  Ferrocarriles  del  Norte  de  Cuba, 
Moron,  Camaguey,  Cuba.  .i,,ii,  «t 

Van  Pelt,  Sutton.     Cons.  Engr.,  6828  Normal  Boulevard,  Chicago,  111. 

Walmsley,  Walter  Newbold.  Gen.  Mgr.,  Alabama  Power  Co.,  Birming- 
ham, Ala. 

Warner,  Edwin  Hall.     422  Title   Insurance  Bldg.,  Los  Angeles,  Cal. 

Yeatman,  Pope.     Min.  Engr.,  Ill  Broadway,  Room  1109,  New  York  City. 

ZiNN,  Aaron  Stanton.     Drexel  Arms  Hotel,  Chicago,  111. 

associate  members 

Adey,  John  Seager.     P.   0.  Box  164,  South  Bethlehem,   Pa. 

Alexander,  Robert  Lee.     Care,  Valuation  Dept.,  C,  M.  &  St.  P.  Ry.,  709 

Lyon  &  Healy  Bldg.,  Chicago,  111. 
Baldridge,    James    Ramsey.     Mgr.,    F.    W.    [Mark    Constr.    Co.,    Inc.,    1701 

Finance  Bldg.,  Philadelphia,  Pa. 
Baldwin,  Francis  Neal.     Terminal  Engr.,  Trans-Mississippi  Terminal  Ry., 

1342   Annunciation  St.,  New  Orleans,   La. 
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ASSOCIATE  MEMBERS   (Continued) 
Barnes,   Frank    William,   Jr.     Care,    Commonwealth    Acid- Phosphate    Co., 

Wellington  Station,  Medford,  Mass. 
Bartholomew,  Herbert.     712   Park  PL,  Elmira,  N.  Y. 
Begien,  Ralph  Norman.     Chf.  Engr.,  B.  &  0.  R.  R.,  Room   1302,  P..  &   0. 

Bldg.,  Baltimore,  Md. 
Bland,   Miles    Carlisle.     Engr.,    Erecting   Dept.,    Bethlehem    Steel    Bridge 

Corporation,  The  Monastery,  Harrisburg,  Pa. 
Brainerd,    Harold    Affleck.     Asst.    Engr.,    Am.    Bridge    Co.     (Res.,    3!»05 

Hawthorne  Ave.,  Forest  Park),  Baltimore,  Md. 
Britton,  George  Chester.     Brockwayville,  Pa. 
BuRXETTE,   Frank  Rupert^     With  Am.   Steel  &  Wire  Co.,  4228   West  3.3th 

St.,   Cleveland,   Ohio. 
BuBBELL,  Glenn  Smith.     Civ.  Engr.,  U.  S.  N. ;  Public  Works  Officer,  Naval 

Station,  Guam,  Mariana  Islands. 
Cantw^ell,  Herbert  Herluin.     Room   16.  Annex  Flower  Bldg.,  WatertoAvn. 

N.  Y. 
Carey,   Edward  Oilman.     Res.   Engr.,   Edward   De   V.   Tompkins,   Inc.,    11>6 

Savoy  St.,  Bridgeport,  Conn. 
Clyde,  Ray  Wedgewood.     Ames,  Iowa. 
Comstock,    Arthur    Francis.     Associate    in    Ry.    Eng.,    Univ.    of    Illinois, 

109  Transportation  Bldg.,  Urbana,  111.  ;. 

Cltler,  Leon  George.     1300  La  Clair  Ave.,  Swissvale,  Pa. 
Doebler,  Valentine  Sherman.     806  University  Parkway,  Baltimore,  Md. 
Dobsey,  Leander.     Mgr.,  Constr.  Dept.,  Cram  Eng.  Co.,  Maryland  Casualty 

Bldg.,  Baltimore,  Md. 
DuMouLiN,  Walter  Louis.     Mech.  Engr.,  Andes  Copper  Min.  Co.,  Chauaral, 

Chili. 
Fabrin,  James  Moore.     Engr.  and  Contr.   (Bartlett  &  Farrin),  1000  Central 

Station,  Chicago,  111. 
FiSHEB,  WiLBUB  HOWARD.     P.  0.  Box  37,  Santa  Fe,  N.  Mex. 
Fougneb,  Nicolay  Knudtzon.     Managing  Director,   Fougner's    Staal-Beton 

Skibsbygningskompani   A/S,   Toldbodgaten  3,   Christiania,  Norway. 
Gandolfo,   Joseph   HabringtoxV.     Civ.    Engr.    with    Westinghouse,    Church. 

Kerr  &  Co.,  37  Wall  St.,  New  York  City. 
Gerhard,  Norman  Paul.     Asst.  Engr.,  Board  of  Water  Supply,  Reservoir 

Dept.,  Ashokan   (Res.,  Route  1,  Saugerties),  N.  Y. 
Goodman,  Harry  Minott.     1366  South  King  St.,  Honolulu,  Hawaii.  , 

Gray,  Harold  Farnsworth.     Asst.  Health  Officer,  City  Hall,  San  Jose,  Cal. 
GuissiNGER,  John  Adams.     2156  Beverly  Rd.,  Brooklyn,  N.  Y. 
Hale,  Philip  Jewett.     Hawkesbury,  Ont.,  Canada. 
Hamilton,  Ross  Elroy.     New  Philadelphia,  Pa. 
Hattan,   William   Cary.     Supt.,   Thomas   &   Jones,   501    South    Flores    St., 

San  Antonio,  Tex. 
Hess,  John  Strider.     Constr.  Engr.,  Cudahy  Refining  Co.,  Vinita,  Okla. 
Hitchcock,    Walter   Andrew.       Cons.    Engr.,    1606    (  ity    Hall    Sq.    Bldg. 

(Res..  2956  Pine  Grove  Avf.),  Chicago,  111. 
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ASSOCIATE    MEMBEKS   (Continued) 
Hudson,  Leo.     Cons.  Engr.,  802  House  Bldg.,  Pittsburgh,  Pa. 
Huntsman,  Frank  C.     Div.  Engr.,  C,  B.  &  Q.  R.  R.,  Box  1380,  Lincoln, 

Nebr. 
Kaysee,  Edward  Mathew.     105  Chestnut  Ave.,  Waterbury,  Conn. 
Kelton,   Frank   Caleb.     Asst.   Prof.,   Civ.   Eng.,  Univ.  of  Arizona,   Tucson, 

Ariz. 
Keppel,  Paul  Henry.     Care,  Eng.  Dept.,  E.  I.  du  Pont  de  Nemours  &  Co., 

du  Pont  Bldg.,  Wilmington,  Del. 
Krause,  Louis  Gustav.     Asst.  Engr.,  Bureau  of  Eng.,  Public  Service  Comm. 

of  Pennsylvania,   129  North.  4th  St.,  Harrisburg,  Pa. 
Kyle,  George  Allen.     Care,  Chf.  Engr.,  G.  N.  Ry.,  St.  Paul,  Minn. 
Lee,  Alonzo  Church.     32  Chambers  St.,  Phillipsburg,  N.  J. 
LocKWOOD,  Richard  John.     Vice-Pres.  and  Gen.  Mgr.,  Apalachicola  North. 

R.  R.,  Port  St.  Joe,  Fla. 
Logan,  Chester  Russel.     Asst.  Supt.  of  Constr.,  New  Penitentiary,  Rural 

Route  3,  Box  34,  Lockport,  111. 
Maclean,  William  Eustace.     605  Credit  Foncier  Bldg.,  Vancouver,  B.  C, 
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SepteinluT.  I'tlti.  I  MKMKKRSHri" — DEATHS  ()L") 

DEATHS 

Appleton,   Thomas.     Elected    Member,    April    4th,    1883;    died    August    3d, 

1916. 
Caxfield,    Edward.     Elected    Member,    December    3d,    1879;     died    August 

18th,   1916. 
HiDER,    Arthur.     Elected    Member,    September    7th.    1881:     date    of    death 

unknown. 
Patterson.  William  Rodney.     Elected  Member,  May  4th,   1909;   died  July 

20th,   1916. 
Taboe,  Ernest   Frederick.     Elected   Member,   May    1st,    1907;    died   August 

20th,  1916. 


Total  Membership  of  the  Society,  September  7th,  1916, 

8  041. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(July  24th,  to  September  1st,  1916) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  he 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OP  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 
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(4 
(5 
(6 

(7 
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(9 

(11 

(12 

(13 
(14 

(15 
(16 

(17 

(18 
(19 

(20 

(21 

(22 
(23 
(24 
(25 
(26 
(27 
(28 
(29 


Proceedings,  Bngrs.  Club  of  Phila., 
Philadelphia,  Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia, Pa.,  50c. 

Journal,  Western  Soc.  of  Engrs., 
Chicago,   111.,   50c. 

Transactions,  Can.  Soc.  C.  E., 
Montreal,  Que.,  Canada. 

School  of  Mines  Quarterly,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Gesundheits  Ingenieur.  Miinchen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
boken,  N.  J.,  50c. 

Engineering  Magazine,  New  York 
City,  25c. 

Engineerinq  (London),  W.  H.  Wiley, 
4.32  Fourth  Ave.,  New  York  City, 
25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,  35c. 

Engineering  News,  New  York  City, 
i5e. 

Engineering  Record,  New  York 
(jity,   10c. 

Railicay  Age  Gazette,  New  York 
City,  15c. 

En(iineering  and  Mining  Journal, 
New  York  City,  15c. 

Electric  Railway  Journal,  New 
York  City,  10c. 

Railway  Review,   Chicago,   III.,    15c. 

Scientific  American  Supplement,  New 
York  City,  10c. 

Iron  Age,  New  York  City,   20c. 

Railway  Enqineer,  London,  Eng- 
land, Is.  2d. 

Iron  and  Coal  Trades  Revieio,  Lon- 
don, England,   6d. 

Railway  Gazette,  London,  England, 
6d. 

American  Gas  Light  Journal,  New 
York  City,  10c. ' 

Railway  Mechanical  Engineer,  New 
York  City,  20c. 

Electrical  Review,  London,  Eng- 
land, 4d. 

Electrical  World,  New  York  City, 
10c. 

Journal,  New  England  Water- Works 
Assoc,   Boston,   Mass.,   $1. 

Journal,  Royal  Society  of  Arts, 
London,   England,    6d. 


(30 
(31 


(32 


(33 
(34 

(35 

(36 

(37 
(38 


(39 
(40 
(41 
(42 
(43 
(44 

(45 
(46 

(47 

(48 

(49 

(50 
(51 
(52 
(53 

(54 
(55 


Annales  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium,  4  fr. 

Annates  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,   Belgium,   4   fr. 

Mcmoires  et  Compte  Rendu  des 
Travaux.  Soc.  Ing.  Civ.  de  France, 
Paris,   France. 

Le  Genie  Civil,  Paris,  France,   1   fr. 

Portefeuille  Economiques  des  Ma- 
chines, Paris,   France. 

Nouvelles  Annales  de  la  Construc- 
tion, Paris,   France. 

Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

Revue  de  Mecanique,  Paris,  France. 

Revue  Generale  des  Chemins  de 
Fer  et  des  Tramways,  Paris, 
France. 

Technisches  Gemeindeblatt,  Berlin, 
Germany,   0,   70m. 

Zentralhlatt  der  Bauvei'waltung , 
Berlin,   Germany,   60   pfg. 

Electrotechnische  Zeitschrift,  Ber- 
lin,  Germany. 

Proceedings,  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

Annales  des  Pouts  et  Chaiissees, 
Paris,    France. 

Journal,  Military  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,   50c. 

Coal  Age,  New  York  City,   10c. 

Scientific  American,  New  York  City, 
15c. 

Engineer,     Manchester, 
3d. 

Verein     Deutscher     In- 
Berlin,      Germany,      1, 


Mechanical 

England, 
Zeitschrift, 

genieure. 

60m. 
Zeitschrift 

Germany. 
Stahl    und    Eisen,    Dusseldorf, 

many. 
Deutsche    Bauzeitung,    Berlin, 

many. 
Rigasche     Industrie- Zeitung , 

Russia,  25  kop. 
Zeitschrift ,      Oesterreichischer 

genieur    und    Architekten    Verein, 

Vienna,  Austria,  70h. 
Transaciions,   Am.   Soc.   C.   E.,    New 

York  City,   $12. 
Transactions,   Am.    Soc.    M.    E.,    New 

York  City,  $10. 


filr    Bauwesen,     Berlin, 
Ger- 


Ger- 
Riga, 


In- 
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(56)  Transactions,  Am.  Inst.  Miu.  Engrs., 

New  York  City.  $6. 

(57)  Colliery     Guardian,      London,     Eng- 

land.  5d. 

(58)  Proceedinos,    Engrs."    Soc.    W.    Pa.. 

2511     Oliver     Bldg.,      Pittsburgh, 
Pa.,  ,50c. 

(59)  Proceedings,  American  Water-Works 

Assoc.   Troy.    N.  Y. 

(60)  Municipal  Engineering,  Indianapolis, 

Ind.,   25c. 

(61)  Proceedings,  Western  Railway  Club, 

225    Dearborn    St.,    Chicago,    111., 
25c. 

(62)  Steel   and   Iron,   Thaw   Bldg.,    Pitts- 

burgh,  Pa.,    10c. 

(63)  Minutes  of  Proceedings,  Inst.   C.  E., 

London,   England. 

(64)  Power,  New  York  City,  5c. 

(65)  Official  Proceedings,  New  York  Rail- 

road  Club,    Brooklyn,   N.   Y.,    15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,   6d. 

(67)  Cement      and      Engineering      News, 

Chicago,  111.,  25c. 

(68)  Mining    Journal,    London,    England, 

6d. 

(69)  Der  Eisenbau,  Leipzig,  Germany. 

(71)  Journal.   Iron   and   Steel   Inst.,   Lon- 

don,  England. 
(71o)    Carnegie       Scholarship       Memoirs, 
Iron     and     Steel     lust.,     London, 
England. 

(72)  American      Machinist,      New      York 

City,   15c. 

(73)  Electrician,    London,    England,    18c. 

(74)  Transactions,      Inst,     of     Min.     and 

Metal.,  London,  England. 

(75)  Proceedings,   Inst,   of   Mech.    Engrs., 

London,  England. 

(76)  Brick,   Chicago,   III.,   20c. 

(77)  Journal,     lust.     Elec.    Engrs.,     Lon- 

don, England,   5s. 

(78)  Beton    und   Eisen,    Vienna,    Austria, 

1,   50m. 

(79)  Forscherarbeiten,    Vienna,     Austria. 

(80)  Tonindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieurwesen,      Wiesbaden,      Ger- 
many. 

(82)  Mining     and     Engineering      World, 

Chicago,   III.,  10c. 

(83)  Gas  Age,  New  York  City,  15c. 

(84)  Le  Ciment,  Paris,  France. 

(85)  Proceedings,    Am.    Ry.    Eng.    Assoc, 

Chicago,    111. 

(86)  Engineering-Contracting,       Chicago, 

111.,  10c. 


(87)  Railiratf      Maintenance      Engineer, 

Chicago,   111.,   10c. 

(88)  Bulletin    of    the    International    Ry. 

Congress     Assoc,     Brussels,     Bel- 
gium. 

(89)  Proceedings,   Am.    Soc.   for  Testing 

Materials,  Philadelphia,  Pa.,  $5. 

(90)  Transactions,       Inst.       of       Naval 

Archls.,   London.   England. 

(91)  Transactions,     Soc.     Naval     Archts. 

and     Marine    Engrs.,     New    York 
City. 

(92)  Bulletin,       Soc.       d'Encouragement 

pour  rindustrie  Nationale,  Paris, 
France. 

(93)  Revue       de       Metallurgie,       Paris, 

France,  4  fr.  50. 

(95)  International    Marine   Engineering. 

Kew  York  City,   20c. 

(96)  Canadian   Engineer,  Toronto,   Ont., 

Canada,   10c. 

(98)  Journal,    Engrs.    Soc.    Pa.,    Harris- 

burg,   Pa.,   30c. 

(99)  Proceedings.  Am.  Soc.  of  Municipal 

Improvements,  New  York  City,  $2. 

(100)  Professional     Memoirs,     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.  C,  50c. 

(101)  Metal  Worker,  New  York  City,  10c. 

(102)  Or  gem     fiir     die     Fortschritte     des 

Eisenbahnwesens,  Wiesbaden,  Ger- 
many. 

(103)  Mining  Press,  San  Francisco,   Cal., 

10c. 

(104)  The    Surveyor    and   Municipal    and 

County    Engineer,    London,    Eng- 
land, 6d. 

(105)  Metallurgical     and     Chemical    En- 

gineering, New  York  City,  25c. 

(106)  Transactions,  Inst,  of  Min.  Engrs., 

London,   England,  6s. 

(107)  Schweiserische  Bauzeitung,  ZUrich, 

Switzerland. 

(108)  Iron  Tradesman,  Atlanta,  Ga.,  10c. 

(109)  Journal,  Boston  Soc.  C.  E.,  Boston, 

Mass.,   50c. 

(110)  Journal,  Am.   Concrete  Inst.,  Phil- 

adelphia,  Pa..   50c. 

(111)  Journal  of  Electricity ,  Poiver  and 

Gas,  San  Francisco,  Cal.,   25c. 

(112)  Internationale        Zeitschrift         fiir 

Wasser-Versorgung,  Leipzig,  Ger- 
many. 

(113)  Proceedings,  Am.  Wood  Preservers' 

Assoc,    Baltimore,    Md. 

(114)  Journal,    Institution    of    Municipal 

and    County    Engineers,     London, 
England,  Is.  6d. 

(115)  Journal,  Engrs.'  Club  of  St.  Louis, 

St.  Lous,   Mo.,   35c. 

(116)  Blast     Furnace     and     Steel     Plant, 

Pittsburgh,   Pa.,   15c. 


LIST  OF  ARTICLES 
Bridges. 

Vibrations    and    Oscillations    of    Bridges.'*      D.    H.    Remfry.      (23)      Serial    beginning 

June    23. 
Electric    Power    Input    for    Railroad    Bridges    Movable    in    a    Vertical    Plane.      Burton 

R.  Leffler.      (85)      July. 
Discussion   on    Impact.'*      L.    N.    Edwards.      (85)      July. 
Pretoria  Avenue   Bridge,    Ottawa.*      L.    McLaren    Hunter.      (96)      July    6. 
The  Economical  Section  for  Short  Span,   Reinforced  Arches  Carrying  Light  Highway 

Loadings.'*      C.    B.    McCullough.      (86)      July   26. 

*  Illustrated. 
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Bridges—  (Continued ). 

Bensalem  Avenue  Concrete  Arch  Bridge,   Philadelphia,   Pa.*      ,Tonathan  Jones.      (86) 

July  26. 
Large   Bridge  Pier  Construction   Using   Steel   Form;;.*      (86)      July   26. 
Military    Ponton    Bridges    Used    in    the    United    States    Army.*      Percy    E.    Barbour. 

.  (13)      July  27. 
New  Railway   Bridge  over  Ohio   at  Metropolis,    111.*      (13)      July   27. 
Solid   Floors   for  Through   Girder  Spans.*      (IS)      July   28. 

Abandoned   Bridge   Difficult   to   Destroy.*      J.   H.   Weatherford.      (14)      July    29. 
New  Wood  Floor  Construction  for  Bascule  Bridges.*      (13)      Aug.   3. 
A    Semi-Floating  Highway   Bridge.*      (14)      Aug.    5. 

Plate-Girder  Cantilever  Bridge.*      Arthur   G.   Hayden.      (13)      Aug.    10. 
New  Three-Track  Bascule   Bridge  at   Chicago.*      (15)    Aug.   11;    (18)    Aug.   12. 
Steel    Spans   and    Concrete   Arches   Combined   to   Form   Unusual    Bridge   at   Ninetieth 

Street,    Cleveland.*      (14)      Aug.    12. 
Mission    Bridge    in    Canadian    Northwest    Designed    as    Adornment    to    its    Location.* 

John   F.    Greene.      (14)      Aug.    12. 
South  Cantilever  Arm  of  Quebec  Bridge  Completed.*      A.  J.  Meyers.      (13)   Aug.  17; 

(96)    Aug.    17. 
Theory     of     Displacements     Applied    to    Analysis     of    Suspension     Bridges.*      C.     S. 

Whitney.      (14)      Aug.    19. 
Overflow    Bridges,    Types    of    Overflow    Bridges    used    in    M'Lennan    County,    Tpxas.* 

William   C.    Davidson.      (86)      Aug.    23. 
Popolopen  Steel  Arch  in  the  Hudson   Highlands.*      (13)      Aug.   24. 
Condition  of  Iron  in  the  Old  Keokuk  Bridge.*      George  C.  Hinckley.      (13)      Aug.  31. 
Quebec    Suspended-Span    Hoisting   Details   Completed.*      A.    J.    Meyers.      i.li)      Aug. 

31. 
Straightening   70-Ft.   I-Beams   Bent    by    Flood.*      (13)      Aug.    31. 
Note    sur    le   Calcul    des    Arcs    Elliptiques    Encastres.      G.    Guillaumin.      (43)      Nov., 

191.5. 
Strassenbriicke   iiber   die    Sihl    bei    Scheeren.*      Fritz   Lecher.      (107)      July    1. 

Electrical. 

Recent  Street  Lighting  Problems  and  Developments.      J.  R.  Cravath.      (4)      June. 
Some    Experiences    in    Connection    with    Chicago's    Street    Lighting    System.      Arthur 

C.  King.      (1)      June. 
Graphic  Determination  of  Hysteresis  Loss.*      A.  Castex.      (73)      July  14. 
Power     Requirements     and     Resources     of     New     South     Wales.*      William     Corin. 

(Abstract   of   paper   read   before  the   Elec.    Assoc,    of   Australia.)       (73)      Serial 

beginning   July    14. 
Instrument  Transformers*      Chas.   C.   Garrard.      (73)      Serial  beginning  July   14. 
Adjustable-Speed    Polyphase    Induction    Motors.*      (26)      July    14. 
The  Effects  of  Power  Factor  on  Voltage  Regulation.*      F.  A.  Annett.      (64)      July  18. 
New    Development    in    Switchgear    Control.*      A.    G.    Collis.      (12)      Serial    beginning 

July   21. 
A  New  Electrolytic  Interrupter.*      C.  A.   Oldroyd.      (19)      July  22. 
Power  System  of  the   Syracuse  Lighting  Co.*      Norman   G.   Meade.      (64)      July   25. 
Effects  of   Eddy  Currents.*      W.   N.   Cross.      (64)      July  25. 
Construction    of    an    Electrical    Subway    Crossing    on    a    Highway    Bridge.*      C.    M. 

Hartley.      (86)      July   26. 
Charging  Electric  Vehicle  Batteries.      (12)      July  28. 
Some     Mechanical     Analogies     in     Electricity     and     Magnetism.*      W.     S.     Franklin. 

(From    General   Electric   Revieiv.)       (73)      July    28. 
Electrolytic  Chlorine  for  Laundries.*      H.   P.   Hill.      (27)      July   29. 
Skin  Effect  and  its  Practical  Treatment.    (Transmission  wires.)*      Clem  A.  Copeland. 

(Ill)      Serial  beginning  July  29. 
Rates    for   Residence    Lighting,    Compilation    of   Population    Served    at   Various    Min- 
imum  Charges    and   Maximum   Net   Rates.*      (27)      July    29. 
Steel    Conductors   for   Transmission    Lines.*      H.    B.    Dwight.      (42)      Aug. 
Why   Motor  Drive    is   Best.*      William   H.    Easton.      (9)      Aug. 
The   High-Voltage   Potentiometer.*      Harris   J.    Ryan.      (42)      Aug. 
Insulator  Failures  under  Transient  Voltages.*      W.    D.   Peaslee.      (42)      Aug. 
Testing    for    Defective    Insulators    on    High    Tension    Transmission    Lines.*      B.    G. 

Flaherty.      (42)      Aug. 
Underground  Distribution  Systems.     G.  J.  Newton.      (42)      Aug. 
Temperature    Rise   of    Insulated   Lead-Covered    Cables.*      Richard    C.    Powell.      (42) 

Aug. 
A  Distribution  System  for  Domestic   Power  Service  from  Commercial  and  Engineer- 
ing  Standpoints.      Carl    H.   Hoge    and   Edgar    R.    Perry.      (42)      Aug. 
An    Artificial    Transmission    Line    with    Adjustable    Line    Constants.*      C.     Edward 

Magnusson   and   S.    R.    Burbank.      (42)      Aug. 
Characteristics    of   Admittance   Type    of    Wave   Form    Standard.*      Frederick    Bedell. 

(42)      Aug. 
Three   Thousand    Volt    Direct    Current    Substations.*      (64)      Aug.    1. 

*  Illustrated. 
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Alternator   Kxcitation   and   Exciters.*      Gordon   Fox.      (64)      Aug.    1. 

Tests    on    Oil-Switrhes.*      Bruno    Bauer.      (73)      Aug.    4. 

A    3  000    to    5  700-Kva.    Substation    Built    at    Low    Cost.*      L.    J.    McKenzie.      (27) 

Aug.  5. 
Reckoning     with     Costs     of     Superseded     Equipment.*      Edwin    D.    Dreyfus.      (27) 

Aug.   5. 
Long-Distauce  and   Cable  Telephony    (Underground   and   Submarine).*      B.   S.   Cohen 

and    J.    G.   Hill.      (73)      Serial   beginning    Aug.    11. 
Iron   and   Steel   Electrical   Conductors.*      T.   A.   Worcester.      (Abstract   from    Genrral 

Electric   Review.)       (12)      Aug.    11. 
New   Low-Resistance   Standards.      C.   V.   Drysdale.      (73)      Aug.    11. 
Electric   Signaling  with   Bare  Wires.*      (Abstract   from   Report  of   the   British   Home 

Office.)       (73)      Aug.    11. 
Graphical     Solution     of     Transmission     Line     Problems.*      T.    A.    Wilkinson.      (27) 

Aug.    12. 
The  World's  Largest  Direct-Current  Station.*      Fred  Allison.      (27)      Aug.   12. 
Ventilating    Electric    Machines.*      Gordon    Fox.      (64)      Aug.    15. 
Power  Factor  Meters.*      (12)      Aug.  18. 

Earth  Connections  for  Telephone  Exchanges.*      W.  H.   Grinsted.      (73)      Aug.   IS. 
Adapting   Direct-Current   Motors   to  Changed   Conditions.*      H.   L.    Smith.      (Abstract 

from   Electric   Journal.)       (73)      Aug.    18.    ■ 
The    Alr-Gap    Field    of    the    Polyphase    Induction    Motor.*      F.    T.    Chapman.      (73) 

Serial  beginning  Aug.  18. 
The  Manufacture  of  Electric   Cables.      (47)      Aug.   18. 
A   Method   of   Studying   Edison   Distribution    Systems.*      C.    E.    Bennett       (27)      Aug 

19. 
Analysis  of  Frequency  in  Oscillatory  Circuits.*      G.  W.   O.  Howe.      (27)      Aug.   19 
Mechanical   Strength  of   Copper  Wire   Splices.*      E.    R.    Shepard.      (27)      Aug.    19. 
Magnetic  Permeable  Cylindrical  Conductors.*      Clem  A.  Copeland.      (Ill)      Aug.   19. 
Experience  with  Electric  Heating  of  Dwellings.*      J.   D.   Ross.      (27)      Aug.   26. 
Building   up   a   Big   Power  Load  on   an   Electric   Railway.*      (17)      Aug.   26. 
Modern    Applications    of    Electricity    to    Medicine.*      Donald    K.    Lipnincott       (111) 

Aug.    26. 
Die   neuen   Telephon-Zentralen    in    Ziirich.*      (107)      July    22. 

Marine. 

The     Yield     of    Riveted     Connections     in     Shipbuilding.     Arthur     R.     Liddell.      (12) 

July    14. 
Design  of  an  Ideal  Thrust  Block.*      C.   P.  Tanner.      (Paper  read  before  the   Inst,   of 

Marine   Engrs.)       (47)      July    14. 
5-Ton   Electric   Cranes   for   Shipyards.*      (11)      July   21. 
Deflection    of    Ships    Due    to    Temperature    Influence.*      K.    Suyehiro.      (Paper    read 

before  the  Japanese  Inst,  of  Naval  Archts.)       (11)      July  28. 
The    Electrical    Equipment    of    a    Modern    Foreign    Submarine    Boat.*      Norman    H. 

Wood.      (26)      Serial   beginning  Aug.   4. 
Illumination    in  the   Navy    (U.   S.   A.)      C.   S.   McDowell.      (73)      Aug.    18. 
Les  Debuts   de  la  Navigation  Transatlantique   en  France.      E.   Evers   and   A.   Mallet 

(32)      Jan. 
La   Commande  Electrique   des   Gouvernails.*      A.   Foillard.      (33)      July    29. 

Mechanical. 

The  Electrically  Driven  Gyroscope  and  its  Uses.*      Elmer  A.  Sperry.      (2)      July. 

Diesel   Engines.*      F.   Reginald  Phipps.      (114)      July. 

On  the  Formation  of  Steam.*      James  Scott.      (21)      July. 

The  Formation  of  Aromatic   Compounds  from   the   Cracking  of  a   Gas  Oil.*      Gustav 

Egloff  and  Thomas  J.  Twomey.      (105)      July  1. 
Boiler-Room  Cost  Curves.*      J.  D.  Morgan.      (64)      July  4. 
Burning  Coke  Breeze.*      (64)      July  4. 

Operating  Costs  for  Municipal  Gas-Engine  Plant.*      H.  T.  Melling.      (64)      July  4. 
Developing  Efficiency  in  Central  Stations.*      C.  M.  Rogers.      (64)      July  4. 
Commercial  Motor  Vehicles  for  Railway  and  Industrial  Purposes.*      (23)      July  7 
Storage  of  Oil  Fuel.      (64)       July  11. 

Comparison  of  Modern  Coal-Gas  Plants.*      Vernon  Baker.      (66)      July  11 
Coal  Tar  and  its  Distillation.      H.  Zollikofer.      (66)      July  11. 
Flow  of  Oil  Through  Orifices.*      (64)      July  11. 
Boiler   House  Design    and   Operation.      W.   W.  Lackie.      (Paper    read   before   the    Inc 

Mun.  Elec.  Assoc.)       (11)      July  14. 
The  Sykes  Gear-Cutter  for  Double  Helical  Teeth.*      (11)      July  14. 
Operating     Conditions     at    Newark,     Ohio,     Power     Plant.*       W.     O.     Rogers       (64) 

July  18. 
The    Fractional    Distillation    of    Lubricating    Oils.*      J.    G.    O'Neill.      (Abstract    from 

Journal,  Am.  Soc.  Naval  Engrs.)       (64)      July  18. 
A  5  000-Hp.   Silent-Chain  Drive.*      John   R.  Allen.      (64)      July  18 


*  Illustrated. 
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Oil    Engines    and    Steam    Engines    in    Combination.     Geoffrey    Porter.      (Paper    read 

before   the   Diesel    Engine   Users   Assoc.)       (47)    July    21;    (11)    July   21;    (73) 

July  21  ;    (20)   Aug.  24. 
Aerodynamical  Properties  of  the  Triplane.*      J.  C.  Hunsaker.      (11)      July  21. 
Subsurface  Congestion  has  Become  an  Acute  Problem  in  New  York.*     C.  N.  Green. 

(24)      July  24. 
Design  of  a  Water  Brake.     Winslow  H.  Herschel.      (64)      July  25. 
Smoke  Abatement  at  a  Dayton  Power  Plant.*      Charles  C.  Moore.      (64)      July  25. 
Design   and    Construction    of   Textile-Machinery    Cams.*      Sumner    B.    Sargent.      (72) 

July  27. 
Features  in  Designing  the  Noiseless  Typewriter.*      Frank  A.  Stanley.     (72)    July  27. 
Pacific  Coast  Steel  Company's  Plants.*      (20)      July  27. 

Jigs  Used  in  Machining  Turret-Lathe  Details.*  Robert  Mawson.  (72)  July  27. 
Jigs  and  Fixtures  Used  in  Automobile  Work.*  Fred  H.  Colvin.  (72)  July  27. 
The    Arrangements    of    Machine    Shops.*      Joseph    Horner.      (11)      Serial    beginning 

July  28. 
Power  in  Rolling  Steel.     Charles  M.  Sames.      (47)      July  28. 
A  Simple  Diagram  for  Reducing  Tachometer  Readings.*      Frank  R.  Freeman.      (12) 

July  28. 
Diesel    Engine    Crankshafts.*      Philip    H.    Smith.      (Paper    read    before    the    Diesel 

Engine  Users  Assoc.)       (47)  July  28;    (73)  Aug.  11. 
Improvements   in   By-Product   Coke   Oven   Practice.*      G.    P.    Lishman.      (Paper    read 

before  the  Soc.  of  Chem.  Industry.)       (57)   July  28;    (22)    July  28. 
40-Ton  Block-Setting  Titan  Crane  at  Fishguard  Harbour  Works.*      (11)      July  28. 
Two  Notable  Floating  Cranes.      H.  H.  Broughton.      (73)      July  28. 
Modern  Agricultural  Tractor  Designs.*      Victor  W.  Page.      (46)      July  29. 
Gasoline  Tractor  Developed  in  Power  Ditching.*      Frank  C.  Perkins.      (14)      July  29. 
Automobiles  in  the  Great  War.     W.  P.  Bradley.      (Paper  read  before  the  Automobile 

Engrs.)       (19)      Serial  beginning  July  29. 
British  Methods  of  Handling  Coal.*      James  Steelman.      (19)      July  29. 
Air  Supply  Adjustments   in   Rochester  Gas   Works   Effect   Saving  of   64    Lb.   of   Fuel 

per  Ton  of  Coal  Carbonized.      William  H.  Earle.      (96)      July  31. 
How   to    Select    Prime    Movers    for    Industrial    Electrical    Generating    Plants.      H.    T. 

Luscomb.      (9)      Aug. 
Boiler  Settings  for  Smokeless  Combustion.*      Osborn  Monnett.      (55)      Aug. 
High  Temperature  Insulation.*      P.  A.   Boeck.      (55)      Aug. 
Dynamic  Balance.*      N.  W.  Aklmoff.      (55)      Aug. 
On  Some  Proposed  Electrical  Methods  of  Recording  Gas  Flow  in  Channels  and  Pipes 

Based   on   the  Linear  Hot-Wire  Anemometer.*      Louis   Vessot   King.      (3)      Aug. 
The  Measurement  of  Viscosity  and  a  New  Form  of  Viscosimeter.*      H.  C.  Hayes  and 

G.  W.  Lewis.      (55)      Aug. 
Making  the  Steam  Plant  Adequate  for  Both  Power  and  Heating.      Charles  L.  Hubbard. 

(9)      Aug. 
V/here  Belt  Drive  is  Superior.*      Henry  Harrison   Suplee.      (9)      Aug. 
The    Economics    of    Material    Handling    in    Manufacturing    Plants;    Belt    Conveyors.* 

Reginald  Trautschold.      (9)      Aug. 
Ou    the   Transmission    of    Heat   in    Boilers.*      E.    R.    Hedrlck   and    E.    A.    Fessenden 

(55)      Aug. 
Intermittent  Vertical  Retorts  at  Leeds.*      (66)      Aug.  1. 

Spanning  Brazos  River  with  10-In.  Mains.*      C.  R.  Sutton.      (83)      Aug.  1. 
Firing    Soft    Coal    under    Naval    Boilers.     William    L.    De    Baufre.      (Abstract    from 

Journal,  Am.  Soc.  Naval  Engrs.)       (64)      Aug.  1. 
The  Open  Door  to  Results  in  Burning.*      C.  O.  Arbogust  and  L.  J.  Sheridan.      (76) 

Serial  beginning  Aug.  1. 
Graphic  Analysis  of  Riveted  Boiler  Joints.*      Alphonse  A.  Adler.      (64)      Aug.   1. 
Practical  Methods  for  Testing  Refractory  Fire  Brick.*      C.  E.  Nesbitt  and  M.  E.  Bell. 

(76)      Serial  beginning  Aug.  1. 
Special  Valve  Diagram  Applied  to  Walschaert  Gear.*      B.  O.  Waters.      (64)      Aug.   1. 
The  Coal-Tar  Dye  Industry,   Past,  Present  and  Future.      Bernhard  C.  Hesse.      (105) 

Aug.   1. 
Economy  Test  of  Lentz  Engine  and  Boiler.     G.  C.  Long.      (64)      Aug.  1. 
Interesting  Methods  in  an  Old  New  England  Pump  Shop.*      Frank  A.  Stanley.      (72) 

Aug.   3. 
Using  Steam  Heat  for  Melting  the  Softer  Metals.*      Robert  Cramer.      (72)      Aug.   3. 
Drop-Forging   Dies    for   a    Link    Wrench    and    Turnbuckle.*      Robert    Mawson.      (72) 

Aug.  3. 
The  New  Home  of  the  Jacobs  Chuck.*      W.  E.  Freeland.      (20)      Aug.  3. 
Portland  Cement  Made  from  Oyster  Shells.*      H.  Struckmann.      (13)      Aug.  3. 
Care  of  Leather  Belts.*      J.  O.  Beneflel.      (72)      Aug.  3. 
Sandblasting  and   Sandblast  Machines.      J.   J.   Richardson.      (Abstract  of  paper   read 

before  the  Birmingham  Assoc,  of  Mech.  Engrs.)       (47)      Aug.  4. 
The  Fullerton,  Hodgart  and  Barclay  Vertical  Compressor.*      (22)      Aug.  4. 
Portable  Machine  Shop  for  U.  S.  Army.*      (27)      Aug.  5. 
Small  Industrial  Oil  Switches.*      (64)      Aug.  8. 

*  Illustrated. 
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Power  Cost  in  Paper  Mill.*      Thomas  Wilson.      (64)      Aug.  8. 

Production,  Properties  and  Use  of  Thermalene.*      (72)      Aug.  10. 

The   Diesel   Engine,    its   Field   In   Comparison   with   the    Steam   Turbine   in    Good-Size 

Plants.*      (20)      Aug.  10. 
The  "Radical"  Automatic*      (72)      Aug.  10. 
The  Lubrication  of  Gear-Teeth.*      (11)      Aug.  11. 
The  Lvmu-Rambush  Mechanical  Gas-Producer.*      (11)      Aug.  11. 

The  Whirling  Speed  of  Shafts.*      W.  M.  Wallace.      (12)      Serial  beginning  Aug.   11. 
Lifting  Magnets.*      (73)      Aug.  11. 
Describes    Gas-Fired    Furnace    for    Manufacturing    Gasoline    by    Rlttman    Process.* 

(24)      Aug.  14. 
Mechanical    Engineering    of    a    Synthetic    Phenol    Plant.*      Frederick    Pape.      (105) 

Aug.  15. 
A  New  Departure  in  Ammonia  Compression.*      Charles  H.  Bromley.      (64)      Aug.  15. 
Bye-Product  Gas-Oven  Designed  for  Town  Supply.*      (66)      Aug.  15. 
By-Products    Recovered    in    the    Manufacture    of    Coke.*      William    Hamlin    Childs. 

(Abstract   of   paper   read    before   the    Am.    Iron    and    Steel    Inst.)       (83)      Serial 

beginning  Aug.  15. 
Philip  Carey  Boiler  Plant.*      Thomas  Wilson.      (64)      Aug.  15. 
The  Working  Efficiency  of  Rolling  Steel.      Sidney  Cornell.      (105)      Aug.  15. 
The   Viscosity   of   a   Thermolized   Paraffin    Base  Oil.*      Gustav   Egloff    and    Robert   J. 

Moore.      (105)      Aug.   15. 
Drag   Line   Excavator   Trackway   for   Levee   Construction,    Baton   Rouge,    La.*      (86) 

Aug.  16. 
A  Self-Propelling  Grab  Bucket  Crane  Excavator  and  Unloader.*      (86)      Aug.   16. 
Making  Motor  Trucks  in  the  White  Plant.*      F.  L.  Prentiss.      (20)      Aug.  17. 
Manufacturing  Operations  at  the  Gleason  Works.*      E.  A.  Suverkrop.     (72)    Aug.   17. 
Results  of  Some  Tests  on  Milling  Cutters.*      Charles  N.  Underwood.      (72)      Aug.  17. 
Manufacture  of  a  Five-Piece  Typewriter  Frame.*      Frank  A.   Stanley.      (72)      Serial 

beginning  Aug.  17. 
Incombustible  Volatiles  Formed  in  Coking.      E.  Kuppers.      (Abstract  from  Gliickauf.) 

(57)      Aug.  18. 
Power  Required  in  Rolling  Metals.*      C.  B.  Davies.      (12)      Aug.  18. 
Electrical  Driving  of  Rolling  Mills.      (22)      Aug.  18. 
Interpretation  of  Fuel  Analyses.     E.  G.  Bailey.      (Abstract  of  paper  read  before  the 

Inter.  Ry.  Fuel  Assoc.)       (57)      Aug.  18. 
400  Brake  Horse-Power  Ftour-Cylinder  Gas  Engine.*      (12)      Aug.  18. 
Largest    Manufactured-Gas-Fired    Furnaces,    in    Operation,    Show    Decided    Economy 

over  Fuel-Oil-Fired  Installations.*      (24)      Aug.   21. 
Efficiency  in  the  Boiler  Room.*      Joseph   Harrington.      (64)      Aug.  22. 
New  Method  of  Determining  Factory  Costs.     William  Kent.      (20)      Aug.    24. 
Gas  Engine  Drive  in  Large  Machine  Shop.*      F.  L.  Prentiss.      (20)      Aug.  24. 
Tool    Manufacture    at    the    Smith    Premier    Typewriter    Works.*      E.    A.    Suverkrop. 

(72)      Aug.  24. 
Motor  Trucks   Descend   into  Deep   Building  Excavation.      (14)      Aug.   26. 
Double-Chamber  Acetylene  Lamp.*      (82)      Aug.  26. 

Handling  Coal  in  Large  Boiler  Houses.*      H.  V.   Schiefer.      (45)      Aug.   26. 
Small   Centrifugal   Blower  of  High   Pressure.*      Henry  F.   Schmidt.      (64)      Aug.   29. 
Coke-Oven  Gas  as  Fuel.*      A.  W.  Morgan.      (64)      Aug.  29. 

Initial  and  Operating  Costs  of  Power  Plants.      Robert  P.   Kehoe.      (64)      Aug.  29. 
Williams'  "Master  Form"  Gearing.*      Reginald  Trautschold.      (72)      Aug.   31. 
Economic  Value  of  Good  Shop  Illumination.     G.  H.  Stickney.      (72)      Aug.   31. 
Construction  of  Tip-Welded  Cutting  Tools.*      T.   Pilkington.      (72)      Aug.    31. 
Continuous    Package    Elevators    on    Philadelphia    Piers.*      Henry    J.    Edsall.      (13) 

Aug.  31. 
Deviation   of   Natural    Gas   from   Boyle's   Law.*      Robert   F.    Earhart   and    Samuel    S. 

Wyer.      (55)      Sept. 
Establishing    a    Standard    of    Measurement    for    Natural    Gas    in    Large    Quantities. 

Francis  P.   Fisher.      (55)      Sept. 
Instructions    for    Gas    Company    Fitters.     George    Wehrle.      (83)      Serial     oeginning 

Sept.  1. 
Conquering  the  Alps  by  Cable  Railway.      (15)      Sept.  1. 
La    RSeducation    Professionnelle    des    Blesses    et    des    Amputes    de    la    Guerre.*      Ch. 

Dantin.      (33)      Serial  beginning  July  29. 
Le  Transbordeur  Funieulaire  a  Voyageurs  du   Niagara    (Canada).*      (33)      Aug.    12. 
Beltrag    zur    Kenntnis    der    beim    Aufpressen    von    Scheibenradern    auf    ihre    Wellen 

entstehenden  Beanspruchungen.*     E.  Miiller.      (107)      June  24. 

Metallurgical. 

The  Rate  of  Driving  the  Blast  Furnace.*      J.  E.  Johnson.      (105)      July  1. 

The  Metallurgy  of  the  Rarer  Metals.      Joseph  W.  Richards.      (Paper  read  before  the 

Am.  Inst,  of  Chem.  Engrs.)       (105)      July  1. 
Sources  of  Metal  Loss  in  Copper  Refining.*      Lawrence  Addicks.      (105)      July  1. 

*  Illustrated. 
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Blast    Furnace    Irregularities    and    Their    Treatment.     J.    E.    Johnson,    Jr.      (105) 

July  15. 
Concentration  and  Flotation  of  Lead  Ores   in   Southeast  Missouri.      (105)      July  15. 
The   Effect   of   Vacuum-Fusion   upon    the   Magnetic   Properties   of   Pure   Open-Hearth 

Iron.*      Tryg^'e  D.  Yensen.      (73)      July  21. 
Flotation  of  Oxidized  Ores.     O.  C.  Ralston  and  Glen  L.  Allen.      (82)  July  22;   (103) 

July  29. 
Treatment   of    Silver   Furnace   Fume   by  the   Cottrell    Process.     Charles   H.   Aldrich. 

(Paper   read   before   the   Am.    Electrochemical    Soc.)       (73)      July   28. 
Principles  Underlying  Flotation.*      Joel  H.   Hildebrand.      (103)      July   29. 
The  Engle  Furnace  for  Redistilling  Spelter.*      Robert   H.   Engle.      (16)      July  29. 
Distributing  Blast  Furnace  Raw  Materials.*      George  W.  Vreeland.      (116)      Aug. 
How  to  Make  Oxy-Acetylene  Welds.*      Henry  Cave.      (9)      Aug. 
An    Investigation    Dealing    with    the    Occurrence    of    Alumina    Inclusions    in    Steel. 

Albert  Sauveur.      (105)      Aug.  1. 
Flotation   Experiments  on   a  Joplin   Tailing.     W.   A.  Whitaker,   George  Belchic,   Roy 

Neal  and  H.  L.  Van  Velzer.      (105)      Aug.  1. 
Bronze  Alloys  for  Automobile  Work.*      W.  M.  Corse  and  G.  F.  Comstock.      (Abstract 

of  paper  read  before  the  Soc.  of  Automobile  Engrs.)       (20)      Aug.  3. 
An   Improved  Pneumatic  Flotation  Machine.*      James   M.  Hyde.      (103)      Aug.   5. 
Acid-Resisting    Alloys.*      (Abstract   of    paper    read    before    the    Am.    Inst,    of    Chem. 

Engrs.)       (22)      Aug.   18. 
The  Function  of  Oil  and  Acid  in  Flotation.      H.   J.  Stander.      (82)      Aug.  19. 
Iron-Boron  and  Iron-Carbon  Alloys.*      (20)      Aug.  24. 

Oxygen  Gas  in  Blast-Furnace  Operations.      David  F.  Baker.      (20)      Aug.  24. 
Dust  Losses  in  Copper  Smelting.      L.  D.  Ricketts.      (16)      Aug.   26. 
Concentrating  Mill  Tailings  near  Park  City,  Utah.*     W.  A.  Scott.      (82)      Aug.  26. 
A  New  Flotation  Machine.*      (82)      Aug.   26. 
Flow  of  Air  in  Lead  Blast  Furnaces.      (16)      Aug.  26. 
Plant  Improvements  of  Ashland  Steel  Works.*      (20)      Aug.  31. 
Usine»pour  la  Preparation  de   I'Btain   k  Perth  Amboy    (New  Jersey,   E.-U.)*      (33) 

July  22. 

Military. 

Fortification.*     H.  B.  Sauerman.      (4)      May. 

The    Mobilization    of    Material    and    Industrial    Resources.     A.    L.    Humphrey.    (58) 

June. 
Organization    of    Engineer    Units    of    the    National    Guard.      (98)      July. 
Shrapnel    Shells,    How    they    are    Designed    and    Tested.*     George    P.    Jewell.      (19) 

July  15. 
Construction  of  Canada's  Biggest  Military  Camp.*     W.  A.   Young.      (96)      July  20. 
A  National   Projectile  Factory.*      (12)      Serial   beginning  July  21. 
Manufacturing    the    1-Lb.    High-Explosive    Shell.*      Robert    Mawson.      (72)      Serial 

beginning  July  27. 
Military  Engineering;   Field  and   Siege  Engineering.      George  A.   Zinn.      (2)      Aug. 
Hydraulic  System  in  Modern  Shell  Plant.*      F.  L.  Prentiss.      (20)      Aug.  3. 
Machining    9.2-In.    High-Explosive   Shells.*      G.   F.    Bryant.      (20)      Aug.    3. 
Armored  Car  for  the  Use  of  the  United  States  Army.*      (18)  Aug.  5  ;   (IS)  Aug.  11. 
Making   Bayonet    Scabbards.*      Robert    Mawson.      (72)      Serial    beginning   Aug.    10. 
British  Shell  Factory,  Typical  of  Several  Plants,  Privately  Managed  but  Government 

Owned.*      (20)      Aug.    10. 
Large  Shell  Lathe  with  Automatic  Electric  Control.*      (12)      Aug.   11. 
Heating  Plant  for  Shell  Forgings.*      (72)      Aug.   17. 
A  British  Shell  Factory,  Machining  Arrangements  of  One  of  the  Semi-Public  Plants.* 

(20)      Aug.  17. 
Speed     Sighting     and     Wind     Deflection     in     Artillery.*     George     Greenhill.      (1^) 

Aug.    18. 
Rolling    Cartridge    Brass.*      C.    R.    Barton.      (72)      Aug.    24. 
Three-Inch  Shell  Work  in  a  Small  Shop.*      (72)      Aug.  24. 
Making    the     18-Lb.     Cartridge     Case.*     Robert   Mawson.      (72)      Serial    beginning 

Aug.    24. 
Field    Artillery    Service    Should    Attract    Engineers.*     Ernest     McCullough.      (13) 

Aug.   26. 
Making  the  British  Time  Fuse  Mark  80-44-1.*      Fred  H.  Colvin.      (72)      Aug.   31. 
French   Specifications  for   Shell   Steel.*      (20)      Aug.   31. 
L'Erosion  des  Canons  d'Acler  par  les  Gas  de  la  Poudre.*      (33)      July  8. 
Voiture  Sanitaire  Exshaw  de  la  "Croix-Rouge-frangaise".*      (33)      July  15. 

Mining. 

Lucerne   Mines   Power   Plant.*      Warren   O.   Rogers.      (64)      July   11. 

Approved   Safety  Lamps.*      (57)      Serial   beginning  July   14. 

American  Coal   Mine  Haulage.*      (57)      July  14. 

Fuel    Economy    at    Collieries.      F.    F.    Mairet.      (Abstract   of    paper    read  "before    the 

Midland  Inst,  of  Min.,  Civ.,  and  Mech.  Engrs.)      (47)  Aug.  4  ;  <'22)  July  21  ;  (57) 

July  21. 

*  Illustrated. 
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Mining— (Continued). 

Koepe  Winding  at   Plenmeller  Colliery.*      (22)      July   21. 

"British  Bauni'   Coal   Washing  Plant.*      (57)      July   28. 

Electric  Signalling  in  Mines.*      (57)   July  28;    (26)   Aug.  11. 

Mining  Ore   from    Pillars.*      H.    H.   Hodgkinson.      (16)      July   29. 

Blasting   for   Steam   Shovels.*      (16)      July   29. 

The  Gold  Mines  of  Brazil.*      Benjamin  he  Roy  Miller  and  Joseph  T.   Singewald,   Jr. 

(16)      July   29. 
Track  Layout  at  Mine  Tipples.*      E.  A.  Holbrook.      (45)      July  29. 
Hammer   Drill    Records   at  the   Franklin   Mines,    New   Jersey.      B.   F.    Tillson.      (86) 

Aug. 
Cost  of  Installing  Four  Large  Electric  Mine  Pumps.      (64)      Aug.  1. 
Concrete  Shaft  Equipment.*      W.  W.  Lawrie  and  G.  Hildick  Smith.      (From  Journal 

of    the     Chemical    Metallurgical,     and    Mining     Soc.    of    South     Africa.)       (57) 

Aug.    4. 
Mining   and    Dealing   with    Mine   Water    in   the    Mold    Coalfield.*      Wiliam    Hopwood. 

(22)      Aug.    4. 
Snake  Creek  Tunnel,  Utah.*      (103)      Aug.   5. 

The  Roofing  of  Mine  Buildings.      J.  W.  Latimer.      (45)      Aug.   5. 
Gold-Saving  on  Dredges.*      Howard  D.  Smith.      (103)      Aug.  5. 
Coal-Mining  Methods  in  Utah.*      A.  C.  Watts.      (45)      Serial  beginning  Aug.  5. 
Slope  Haulage  in  Alabama.*      E.  B.  Wilson.      (45)      Aug.  5. 
Revolving  Dumps  at  Coal   Mines.*      H.  S.  Geismer.      (45)      Aug.  5. 
The  Argonaut   Mine,    Calif.*      Lewis   H.    Eddy.      (16)      Aug.    5. 
Quarries  for  Kensico   Dam.*      Wilson   Fitch   Smith.      (13)      Aug.   10. 
Handling  Ironstone  at  the  Buckmaster  Mine  of  the  Holwell  Iron  Company,  Limited.* 

(22)      Aug.    11. 
Determination  of  Copper  in   Low-Grade  Ores.     F.   O.  Hawley.      (16)      Aug.   12. 
Air  and  Temperature  in  Deep  Mining.      (82)      Aug.  12. 

Estimating  Metallic  Aluminum  in  Aluminum  Dust.     J.  E.  Clennell.      (16)      Aug.   12. 
The  Elkhorn   Coal   Co.'s  Plant.*      W.   B.   Webb.      (45)      Aug.   12. 
Drilling  and   Blasting  Shale  Banks.*      Dwight  E.   Humphrey.      (76)      Aug.   15. 
Well  Drilling  in  Modern  Quarrying.      S.  R.  Russell.      (Abstract  of  paper  read  before 

the   Du   Pont   Sales   Convention.)       (86)      Aug.    16. 
Electric  Winding  in   South  Yorkshire,  the  New   Installation   at   Staindrop   Colliery.* 

(57)  Aug.    18. 

Colliery  Pumping  Plants.     C.  Heal.      (22)      Aug.  18. 

Some  Practical  Notes  on  Mine  Surveying.*      W.  F.  Boericke.      (16)      Aug.  19. 

Sloping  Costs   in   the   Calumet  &   Arizona   Mines,    Bisbee,   Ariz.      (82)      Aug.    19. 

Operations  at  Battle  Mountain,  Nevada.*      W.  A.   Scott.      (82)      Aug.  19. 

Chemistry  in  Coal   Mining.     A.   G.   Blakeley.      (45)      Aug.   19. 

Yuba   No.    15   All-Steel   Gold   Dredge.*      Lewis   H.   Eddy.      (16)      Aug.    19. 

Quenching    a    Fire    in    a    Kansas    Mine    with    Chemical.s.*      John    Pellegrlno.      (45) 

Aug.    19. 
Milling  Scheelite-Gold  Ores.*      (16)      Aug.  19. 
Replacing  Mortar  Blocks.*      Charles  Labbe.      (16)      Aug.   26. 
"Set-Over"  Tables  for  the  Mine  Transitman.*      F.   C.   Saner.      (45)      Aug.   26. 
Diamond    Drilling  at   Sudbury.     L.   A.    Parsons.      (16)      Aug.    26. 
Rating  of  Mine  Locomotives.      R.   E.   Hellmund  and  W.  A.   Clark.      (45)      Aug.   26. 
Mining  Practice  at  Santa  Gertrudis,   Mexico.*      (16)      Aug.   26. 
Shanking  Drill  Steels.*      Charles  C.  Phelps.      (16)      Aug.   26. 
Governing  the  Use  of  Explosives   in   Mines.*      E.   M.  Weston.      (82)      Aug.   26. 
Testing  of  Dredge  Bucket   Pins.*      Ralph   A.   Young.      (16)      Aug.   26. 

Miscellaneous. 

Scientific  Methods  in  Construction.      Sanford  E.  Thompson  and  William  O.  Lichtner. 

(58)  June. 

Public  Service  Opportunity  and  Preparedness.      J.  L.   Jacobs.      (4)      June. 

Graphical    Representation    of    Prices.*      J.    Eastwood.      (104)      June    16. 

What  Can  Best  be  Done  to  Advance  the  Interests  of  the  Engineering  Profession  in 
the  United   States.     J.  A.   L.  Waddell.      (58)      July. 

Catalysis  in  the  Formation  of  Gasoline  from  Kerosene.  Gustav  Egloff  and  Robert 
J.    Moore.      (105)      July    15. 

Ethyl  Alcohol  from  Wood,  the  Process,  its  Development  and  Requirements.  F.  W. 
Kressman.      (105)      July    15. 

The  Great  Dominion  Telescope.*  J.  S.  Plaskett.  (Abstract  from  Canadian 
Machinery.)       (96)      July    27. 

Pushing  up   Production   and  Lowering  Cost.*      C.  U.   Carpenter.      (9)      Aug. 

Surveyors,  their  Security  of  Tenure  and  Defense.     J.  H.   Drew.      (114)      Aug. 

Is  Your  Cost  System   Scientific?      Wm.   E.   McHenry.      (9)      Aug. 

The  Thermal  Decomposition  of  the  Aliphatic  Hydrocarbon  Derivatives  of  Naphtha- 
lene.     Gustav    Egloff.      (105)      Aug.    1. 

Stump   Pullers,   Operated  by   Hand   and   Horse  Power.*      (13)      Aug.    .3. 

Simple  Tests  for  Potash.     W.  B.  Hicks.      (103)      Aug.  5. 

♦  Illustrated. 
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Miscellaneous— (Continued). 

Cable    System    Handles    Dump    Wagons    on    Heavy    Grades.*     James    Owen.      (13) 

Aug.    10. 
Cost  Accounting  for  the  Clay  Plant.     A.  J.  Huac.      (76)      Aug.  15. 
Methods  of  Removing  Stumps  by  Blast.*      Thomas  M.  Knight.      (86)      Aug.   16. 
How  to  Appraise  Public  Utility  Property.     George  W.  Kuhn.      (17)      Aug.   19. 
The  Disposition  of  By-product  Oven  Derivatives.*      W.  H.  Childs.      (45)      Aug.  26. 
Le   Platine   et   les  Gites   Platinifdres  de   I'Oural.*      Louis   Duparc.      (32)      Jan. 

Municipal. 

Municipal   Works   of  Interest  in   Sutton.*      W.   Hedley   Grieves.      (114)      June. 
Some    Public    Works    and    Municipal    Appliances    at    Blackpool.     John    S.     Brodie. 

(114)      July. 
Diagrammatic       Statistics     for     Municipal      Engineers.*      Reginald      Brown.      (114) 

July. 
The   Public   Undertakings   of   Shrewsbury.     A.    W.   Ward.      (114)      July. 
Snow  Removal   in   Montreal.      P.   E.   Mercier.      (96)      July   27. 
Obligatory    Town    Planning.      Henry    R.    Aldridge    and    Harold    Shawcross.      (114) 

Aug. 
Street   Sprinkling  in   a    Small   City.      (86)      Aug.   2. 

Loose-Leaf  Filing  System  for  City  Surveys.*      James  M.   Owens.      (13)      Aug.   24. 
Washington  Systematizes  Subsurface  Mapping.     Asa  E.   Phillips.      (14)      Aug.  26. 

Railroads. 

Determination    of    Annual    Charge    for    Sleepers,    Poles    and    Fence    Posts.      W.    F. 

Goltra.      (23)      June   16. 
Raising  the   Track   Through   Wilkinsburg,    Pennsylvania.*      (23)      June    16. 
Carriage  Rolling-Stock  with  Armoured  Ends,   Interlocking  Fenders,   Collision  Buffers 

and  Reinforcements  of  Body  Framing.*      (23)   June  16  ;    (25)   Aug. 
Construction  of  the  New  York  Connecting  Railroad.*      (23)      June  23. 
Pacific  Type  Express  Locomotives,  South  African  Railways.*      (23)      June  30. 
The   Signalling  of  Jersey   City   Terminal.*      (23)      June   30. 
Recent  Locomotive  Working  on  the  Paris-Lyons  and  Mediterranean  Railway.*      (21) 

July. 
The  Treatment  of  White-Oak   Ties.      (113)      Serial   beginning  July. 
Position-Light   Signals.*      (21)      July. 
Counterbalancing    of    Locomotives.*     S.    G.    Thomson.      (Abstract    of    report    to    the 

Am.   Ry  Master  Mech.   Assoc.)       (21)      July. 
How  to  Calculate  Fuel  Consumption   in  jfiguring  Economics  of  Railway  Location.* 

John    G.    Sullivan.      (85)      July. 
Cleaning  Stone  Ballast  with  Screens.*      H.  M.  Church.      (23)      July  7. 
Rebuilt  Locomotives  for  the  Jamaica  Government  Railway.*      (23)      July  7. 
New   Intercepting   Valve   for   Mallet   Locomotives.*      (23)      July   7. 
Recent    2-8-2    Type    Locomotives    Constructed    at    the    Baldwin    Locomotive    Works.* 

(23)      July  14. 
Treatment    of    Feed    Water    for    Locomotive    Boilers.     L.    F.    Wilson.      (Paper    read 

before  the  Cincinnati  Ry.   Club.)       (47)      July  14. 
British   Oil    Locomotives.*      (12)      July    14. 
A  Less-Than  Carload  Clearing  House  for  Chicago.*     Henry  A.  Goetz.      (23)      July 

14. 
fJrand    Trunk   Grade    Senaration    in    Toronto.*      (23)      July    21. 
The  New  Yard  at  Khargpur,  Bengal-Nagpur  Railway.*      (23)      July  21. 
Four-Cylinder  4-6-0  Type  Express  Locomotive,  Great  Southern  &  Western  Railway.* 

(23)    July  21  ;    (21)    Aug. 
Triplex  Articulated  Compound  Locomotives  for  the  Erie  R.  R.*      (18)      July  22. 
Grade-Crossing   Elimination   at   Memphis   Bridge   Terminals.*      (13)      July   27. 
Design   and   Maintenance  of  Locomotives   Boilers.      (Report  of   Committee,   Am.    Ry. 

Master  Mechanics'  Assoc.)       (47)      July  28. 
Four-Wheel    Trucks    for   Passenger   Train    Coaches.*      Roy    V.    Wright.      (23)      July 

28. 
The  Swansea  District  Lines,   G.  W.    R.*      (23)      July  28. 
Mallet    Locomotives    for    Use    in    Road    Service ;    Baltimore    &    Ohio    Engines    Exert 

Tractive  Effort  of   103  000   Lb.  ;   for  Use  on   Ruling   Grades   over   2   Per  Cent.* 

(15)    July  28;    (25)    Aug. 
Express   Passenger   and   Goods   Locomotives   for  the   French   State   Railways.*      (11) 

July   28. 
Fare  Zones  Adjusted  in  Maine.*      (17)      July  29. 
A  Study  in   Electrified  Freight  Terminals  ;   New  York   Central's  Proposed  West  Side 

Improvements,   New   York   City.*      (18)      July   29. 
Mallet  Compound  Locomotives  for  the  Western   Maryland  Ry.*      (18)      July   29. 
Drainage    Drifts    have    Apparently    Stopped    Slides    at    Hillside    Grade    Separation.* 

H.  G.  Wray.      (14)      July   29. 
Buffing   Stresses   in    Box   Cars.*      Robert   N.   Miller.      (25)      Serial   beginning  Aug. 
Locomotive   Firebox   Proportions.      Lawford  H.   Fry.      (25)      Aug. 
Cabin  Cars  for  Crews  of  Freight  Trains;  Pennsylvania  Railroad.*      (21)  Aug. 
Private  Owners'  Wagons.*      (21)      Aug. 

*  Illustrated. 
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Railroads— (Continued) . 

Seventy-Ton  Gondola  Cars.*      (25)      Aug. 

Maintenance   Methods  on  the  B.   R.  &  P.*      (87)      Aug. 

136  Lb.  Rails  ;  Lehigh  Valley  R.  R.*      (21)      Aug. 

Experimental    Researches    on    the    Skin    Effect    in    Steel    Rails.*      A.    B.    Kennelly, 

F.   H.   Aohard  and  A.   S.   Dana.      (3)      Aug. 
A  Suggested  Program  for  Track  Work.      (87)      Aug. 
An    Eight-Wheel   Phiglish   Locomotive.*      (25)      Aug. 
Crushed   Gravel   Ballast  on   the   Rock   Island.*      (87)      Aug. 
French   Military   Locomotives   Built   in   America.*      (13)      Aug.   3. 
American  Car  Dumpers.*      (57)      Aug.  4. 

Meeting  the  Federal  Headlight  Requirements.*      L.   C.   Porter.      (IS)      Aug.   4. 
High-Powered   Locomotives  on   the   Pennsylvania  Railroad.*      (11)      Aug.   4. 
British-Built   Engines   for  the  French  State  Railways.*      (12)      Aug.   4. 
Superheater  Locomotives.      (Report  of  a  Comm.,  Am.  Ry.  Master  Mechanics'  Assoc.) 

(47)      Aug.   4. 
Commercial    Motors    for    Railway    and    Industrial    Purposes :    The    Organization    and 

Equipment  of  a   Railway  Motor   Department.*      (23)      Aug.   4. 
New  Express  Locomotives  for  the  Caledonian  Railway.*      (23)      Aug.  4. 
Norfolk  &  Western   Elkhorn  Grade   Electrification.*      (23)      Aug.  4. 
Railroads'    Side    of    Valuation,    as    Handled    on    Jersey    Central,    No    Small    Task.* 

C.    W.    Stark.      (14)      Aug.    5. 
Care   of  Locomotives    with   Relation   to   Fuel   Economy.*      A.    N.    Willsie.      (Abstract 

of  paper  read  before  the  Inter.   Ry.  Fuel  Assoc.)       (18)      Aug.   5. 
Wabash  Grade  Elimination   in  Fort  Wayne.*      (13)      Aug.   10. 
Terminal   Railway  and   New  Piers  at  Port  of   Philadelphia.*      (13)      Aug.    10. 
Jacketing  a  Railway  Tunnel  by  Mining  Methods.*      (13)      Aug.  10. 
The  Railway  Lines  of  Syria  and  Palestine.*      (23)      Aug.   11. 
Steel  Gondolas   for  the  Russian  Government.*      (23)      Aug.   11. 
The  L.  &  N.  W.  Suburban   Railway  Electrification.*      (26)      Aug.  11. 
North  Western   Pulverized  Coal  Locomotive.*      (15)      Aug.  11. 
Electrification   for   Heavy  Freight   Traffic   in   England,    Northeastern's   Railway   Line 

Between  Shildon  and  Newport.*      Frederick  C.   Coleman.      (18)      Aug.   12. 
Depreciation  as  Applied  to  Valuation.      R.  B.  Shepard,  Jr.      (14)      Aug.  12. 
Special    Device    and    Procedure    for    Cross-Sectioning    Tunnels.*      T.    H.    Robertson. 

(From  111.  Central  R.  R.  Employees  Magazine.)       (86)      Aug.  16. 
Fissures    in    Rails    Laid    to    Mill    Practice.*      P.    H.    Dudley.      (20)    Aug.    17;     (15) 

Aug.  18  ;   (18)  Aug.  19. 
Contractors'.  Gasoline  Dinkey   with  Friction  Drive.*      (13)      Aug.   17. 
The    Case    for    Machinery    on    Railway    Construction    in    China.     Harold    Stringer. 

(11)      Aug.   18. 
Scientific  Tests  on   Signal   Interpretation.*      O.  V.  Fry.      (15)      Aug.   18. 
An  Improved  Turntable.*      (15)      Aug.  18. 
Equalisation    of    Long    Locomotives.*      (Report     of     Comm.     to     Am.     Ry.      Master 

Mechanics  Assoc.)       (47)      Aug.   18. 
Erie    Railroad    50-Ton    Capacity    Hopper    Cars.*      (15)      Aug.    18. 
Electrification    on    the    Chicago,    Milwaukee,    and    St.    Paul    Railway.*      (12)      Serial 

beginning   Aug.   18. 
Track  Maintenance;  Fall  Work.*      Kenneth  L.  Van  Auken.      (18)      Aug.  19. 
Kenilworth  Avenue   Subway,   Hamilton.*      Kenneth   Cameron.      (96)      Aug.    24. 
Initial   Strains   in   Rails.      (15)      Aug.    25. 
Gasolene-Driven    Car    Ferry.*      (15)      Aug.    26. 
Perforation  of  Fir  Ties  before  Treatment.*      (18)      Aug.  26. 
Use   of    Storage   Batteries    in    Operation    of    Selector   Calling    Circuits    for   Telephone 

Train   Despatching.*      (18)      Aug.   26. 
Examples  of  Federal  Valuations   of   Railroads.      (18)      Aug.    26. 
Much    Work    for    Railroad-Valuation    Engineer    Precedes    Advent    of    Government 

Forces.*      C.    W.    Stark.      (14)      Aug.    26. 
Train-Shed  with  Columns  Between   the  Tracks.*      (13)      Aug.   31. 
Methods    of    Enlargement    Work    in    Rogers    Pass    Tunnel.*      H.     P.    Tracy.      (13) 

Aug.    31. 
Norfolk   &  Western   Mountain  Type   Locomotives.*      (15)      Sept.   1. 
Thomas   Transmission    Motor   Car.*      (15)      Sept.    1. 

Devers  et  Raccordements  Paraboliques  sur  Route.*      Caufourier.      (43)      Nov.,   1915. 
Note    Complemeutaire    sur    les    Specifications    Americaines    pour    la    Pourniture    des 

Rails.*      Goupil.      (43)      Nov.,  1915. 
La   Traction    Electrique   en   Angleterre.*      J.    Carlier.      (33)      July    8. 
L'Emploi   du    Charbon   Pulverise   pour   le   Chauffage    des    Locomotives.*      (33)      July 

15. 
L'Emploi    de    la    Detente    Compound    et    de    la    Surchauffe    sur    les    Locomotives    de 

Reseaux    frangais    et    son    Influence    sur    la    Consommation    de    Charbon    de    ces 

Machines.     L.    Bade.      (33)      July    22. 
La    Determination    des   Elements    Necessaires   au    Calcul    de    la    Poussee    des   Terres. 

(33)      July  29. 
Der  Energieverbrauch  der  elektrischen  Traktion   der  Berner  Alpenbahn.*      L.   Thor- 

mann.      (107)      July    8. 

*  Illustrated. 
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Railroads,  Street. 

Queens    Boulevard    Viaduct,    New    York    Elevated    Line.*      Alfred    M.    Wyman.      (18) 

July  22. 
Cleveland  Completes  Two  More  Terminals.*      (17)      July  22. 

Standard  Layout  Designs  of  the  Brooklyn   Rapid  Transit  System.*      (17)      July   22. 
Study  of  Chicago's  Congested  Traffic.      (17)      July  29. 

Portable  Motor-Driven   Reeling  Machine.*      S.  L.   Foster.      (17)      July   29. 
New  Standard  Types  of  Roadbed  for  Subways,  Tunnels  and  Elevated  Roads,  New  York 

City.*      R.  H.  M.  Canfield.      (18)      July  29. 
Rerouteing  a  Traffic  of  Nine  Cars  a  Minute.*      H.  C.  Donecker.      (17)      July  29. 
Long  Rides  for  a  Nickel.*      D.  J.  McGrath.      (17)      Aug.  5. 
Chicago's  Congested  Streets.*      (17)      Aug.  5. 

The  William-Street  Section  of  the  New  York  Subway.*      (12)      Aug.  11. 
Boston   Profits  by  Elevated  Railway  Station   Improvements.*      (17)      Aug.   12. 
Keeping  Mechanical  Department  Costs.*      F.   A.  Miller.      (17)      Aug.  19. 
Vestibuling  560  Semi-Convertible  Cars.*      (17)      Aug.  19. 
Rock-Tunneling  Machine  Using  Pneumatic-Hammer  Tools.*      (13)      Aug.  24. 
Elevated  Railway  of  Domed  Arch  Construction  a  Strong  Contrast  to  Steel  Structure.* 

(14)      Aug.  26. 
New  Grooved  Girder  Rails.*      (13)      Aug.   31. 
Flexion  des  Rails  de  Tramway.*      P.  Caufourier.      (.33)      Aug.  12. 

Roads  and  Pavements. 

Improvements  of  Highways  to  Meet  Modern  Conditions  of  Traffic.     W.  H.  Schofield.  I 

(114)      July. 
The  Destruction  of  a  Macadam  Road.*      T.  W.  Arnall.      (114)      July.  | 

Standard  Paving  Block  Specifications.      (96)      July  6.  i 

Macadam   Road   Maintenance.     W.    H.   Huber.      (Paper   read   before  the   Good   Roads  , 

Congress.)       (96)      July  6. 
Roads  and  Paving.      (11)      Serial  beginning  July  14.  I 

Stone  as  a   Road   Material.      James   S.   Wilson.      (96)      July   20.  I 

The  Results  Obtained  in  Street  Cleansing  by  Motors.      W.  Greig.      (Paper  read  before 

the  Inst,  of  Cleansing  Supts.)       (104)      July  21.  ! 

Sioux  City  Concrete  Pavements.*      (13)      July  27.  ' 

The  Fluxing  of  Asphalts.      Francis   Pitt  Smith,  M.  Am.   Soc.   C.  E.      (96)      July  27.  1 

Plank  Roadway  Laid  Across  Shifting  Desert  Sands,  Road  near  Holtville,  Cal.*      (14)  1 

July  29.  ] 

Road  Direction  Signs.      C.  H.  Cooper.      (114)      Aug.  ' 

Resistance  of  Concrete  Roads  to  Wear.*      (60)      Aug.  ] 

Some  Comparative  Tests  of  the  Wearing  Qualities  of  Paving  Bricks,  Concrete,  Mortar  i 

and  Neat  Cement.*      F.  L.  Roman.      (60)      Aug. 
Constructing  Concrete  Curbs.*      (67)      Aug.  ' 

Earth  Road   Construction   in   Murray  County.   Minnesota.*      (86)      Aug.   2. 
Sand-Cement    Bed    and    Mortar    Bed    in     Illinois    Brick    Road     Construction.      (86) 

Aug.  2. 
Cost  of  Asphaltic  Oil  Treatments  at  Portland,  Me.      (86)      Aug.  2. 

Wear  of  Concrete  Pavement  Due   to   Improper  Construction.      (86)      Aug.   2.  • 

Standard  Pavement  Sections  of  Portland,  Ore.*      (86)      Aug.  2. 
Methods  and  Costs  of  Oiling  Earth  Roads  in  Illinois.*      (86)      Aug.  2. 
Bituminous  Materials  Tests  for  Sheet  Asphalt.      Francis  P.  Smith.      (13)      Aug.  3. 
Road  Drainage  and  Foundations.     W.  W.  Crosby.      (Paper  read  before  the  Canadian 

Road  Congress.)       (96)      Aug.  3. 
Four    Construction   and   Thirteen    Maintenance   Gangs    Care   for    McLennan    County's 

Roads.*      William  C.  Davidson.      (14)      Aug.  5. 
Planning  and  Organizing  for  Paving  County  Roads.*      (13)      Aug.  10. 
Gravelled    Roads.      Gabriel    Henry.      (Paper    read    before   the    Canadian    Good    Roads 

Congress.)       (96)      Aug.  17. 
Thirty-Mile   Macadam   Automobile   Road    Built   Through    Maine   Woods   to    Construct 

Dam.*      (14)      Aug.  19. 
Oiled  Pavements  Smoothed  with  Scarifier  and  Scraper.*      (14)      Aug.  19. 
Asphalt     Pavement     Costs     with     Municipal     Plant.     John     W.     Cunningham.      (13) 

Aug.  24. 
Street  Railway  Track  Construction  in  Paved  Streets.      R.  Keith  Compton.      (Abstract 

of  paper  read  before  the  Am.  Road  Builders'  Assoc.)      (96)      Aug.  24. 

Sanitation. 

The  Little  River  Drainage  District.*      William  A.  O'Brien.      (115)      July. 

Pollution  of  Canadian  Streams.      (96)      July  6. 

Brldgeburg  Sewage  Disinfection.*      (96)      July  6. 

Sheffield  Sewage  Disposal  Works       John  Haworth.      (Paper  read  before  the  Assoc,  of 

Mgrs.  of  Sewage  Disposal  Works.)       (104)      July  14. 
Sewage  Purification  Plant  at  Pont-y-Wal  Breconshire.*      (11)      July  21. 
Power   Drives   for  Ventilating  Fan   Operation.*      H.    Bard.      (101)      July   28. 

*  Illustrated. 
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Sanitation— (Continued). 

Methods  of  Testing   Warm   Air   Furnaces.*      R.   W.    Davenport.      (Paper   read   before 

the  Am.  Soc.  Heating;  and  Ventilating  Engrs.)       (101)      July  28. 
Tests   Show  Activated-Sludge  Process  Adapted   to  Treatment  of   Stock-Yards   Wastes. 

(14)      July  29. 
Five  Thousand  Hogs  Eat  Denver's  Garbage.*      (14)      July  29. 

Central-Station  Heating  Plant  Operation  in  Milwaukee.*      O.  M.  Rau.     (27)    July  29. 
Some    Features   of    Domestic    Electric    Cooking    and    Heating.*      H.    B.    Peirce.      (42) 

Aug. 
How  to  Increase  Factory  Efficiency,   Cleanliness  and  Comfort.*      O.  M.   Becker.      (9) 

Aug. 
Making  the  Steam  Plant  Adequate  for  Both  Power  and  Heating.      Charles  L.  Hubbard. 

(9)      Aug. 
The  Element  of  Chance  in  Sanitation.*      George  C.  Whipple.      (3)      Aug. 
Methods  of  Concrete  Sewer  Construction.*      J.  P.  Springer.      (60)      Aug. 
Testing  Various  Soils  for  Drainage  Properties.*      John  R.  Haswell.      (13)      Aug.  3. 
Hydrolytic  Sewage  Tanks  at  Luton,  England.*      J.  W.  Tomlinson.      (13)      Aug.   3. 
Mechanical  Equipment  in  a  New  York  School.*      Frank  G.   McCann.      (101)      Serial 

beginning  Aug.  4. 
Canalization  of  Half-Million  Acre  Drainage  District  Discloses  Canal-Width  Limits.* 

(14)      Aug.    5. 
A   Small   Sewage  Sprinkling  Filter  with   Unique   Features.*      R.   C.   Hardman.      (86) 

Aug.  9. 
The    Cleaning   Up    and    Improvement    of    a    Stream    Polluted    by    Sewage    and    Trade 

Wastes.     Harrison  P.  Eddy.      (86)      Aug.   9. 
Sewer  Cleaning  Machine  Used  at  Hammond,  Ind.*      (86)      Aug.  9. 
Some  Ideas  in  Sewer  Work.*      W.  G.  Cameron.      (96)      Aug.   10. 
Industrial     Diseases    of    Iron     and     Steel    Workers     in     Middlesbrough.      J.     Watkiu 

Edwards.      (22)      Aug.  11. 
Sewage  Disposal   at   Caerphilly.*      (104)      Aug.    11. 
The  Effect  of  Temperature  and  Humidity  ;  Results  of  Experiments.      Frederic  S.  Lee. 

(Abstract  from  Ainerican  Journal  of  Physiology.)       (101)      Aug.   11. 
Difficult  Construction  in  Sewer  Changes.*      Paul   G.  Koch.      (14)      Aug.   12. 
Sewage-Treatment     Plant,     Cook     County     Institutions.*      Burton     J.     Ashley.      (13) 

Aug.  17. 
Analytical  Study  of  Garbage  Rubbish  and  Ashes.      (13)      Aug.  17. 
Making  a  Radiator  Efficiency  Test.*      C.  A.  Fuller.      (101)      Aug.  18. 
Design    and    Operation    of    Fractional    Valves.*      James    A.    Donnelly.      (Paper    read 

before  the  Am.  Soc.  of  Heating  and  Ventilating  Engrs.)       (101)      Aug.    18. 
Perform    all    Work    for    Double-Deck    Sewer    from    Five    Mounted    Platforms.*      (14) 

Aug.   19. 
Some  Results  of  Analyses  of  Garbage  and  Waste.      (13)      Aug.  24. 
Plumbing  and  Heating  Systems  In  New  Jail.*      (101)      Serial   beginning  Aug.  25. 
Electric  Pumping  Plant  for  Land  Drainage.      (13)      Aug.  31. 
Long-Time    New    York    Rainfall    as    Basis    for   Sewer    Design.*      O.    Hufeland.      (13) 

Serial  beginning  Aug.   31. 
Mill   Creek  Sewer  Tunnel  Alignment.      R.   C.   Gans.      (13)      Aug.   31. 

Structural. 

Service  Tests  of  Treated  and  Untreated   Fence  Posts.      Harlow  Bradley.      (85)      July. 

Time  Tests  of  Concrete.      Franklin  R.  McMillan.      (115)      July. 

Penetration  of  Preservatives.*      Lowry  Smith.      (113)      July. 

A  Pacific  Coast  Timber-Treating  Plant.*      H.  E.  Horrocks.      (113)      July. 

Effect  of  Sulphur  in  Rivet  Steel.*      J.  S.  Unger.      (Abstract  of  paper  read  before  the 

Am.  Boiler  Mfrs.  Assoc.)       (64)      July  25. 
A  Study  of  Effective  Width  of  Reinforced  Concrete  Slabs.     A.  T.  Goldbeck  and  E.  B. 

Smith.      (Abstract  from  Journal   of  Agricultural  Research.)      (86)      July   26. 
An    Economic    Comparison   of    Reinforced    Concrete    and    Mill    Building    Construction. 

(86)      July  26. 
Method    and    Cost    of    Treating    Sheet    Piles    Exposed    to    Sea    W^ater    with    Avenarius 

Carbolineum.*      W.  D.  Jones.      (86)      July  26. 
Cement  Measuring  Device  for  Varying  Concrete  Proportions.*      W.   D.   Jones.      (86) 

July  26. 
Some  Notes  on  Pile  Driving.      L.  G.  Hall.      (86)      July  26. 
Methods    and    Cost    of   Making   and    Sinking   Pre-Moulded    Concrete    Piles.*      Geo.    K. 

Leonard.      (86)      July  26. 
The  Thickness  of  Flat  Slab  Floors.      Henry  T.  Eddy.      (86)      July  26. 
Costs  of  Hospital   Buildings.      (86)      July  26. 

A  Concrete  Mixing  Plant  180  Ft.  Above  Chicago.*      (86)      July  26. 
Concrete  in  Dry  Open  Caisson  Deposited  by  Tremie.*      (13)      July  27. 
Lagscrewed  Joints  in  Timber.*      H.  D.  Dewell.      (13)      July  27. 
To    Find    Graphically    the    Position    of    Unit    Load    Giving    Zero    Stress    in    any    Web 

Member  of  a  Girder.*      John   Edmondson.      (11)      July   28. 
Excavating  Machines  and  Overhaul.     G.  B.  Massey.      (14)      July  29. 
Timber  Roof  Coverings.      Frederick  W.  Foote.      (16)      July  29. 

•  Illustrated. 
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Structural— (Continued). 

Economical    Precast    Stairway    Design    Developed    for    Panama    Canal    Lighthouse.* 

Walter  F.   Beyer.      (14)      July  29. 
Long  Move  for  800-Tou   Residence.*       (14)      July  29. 
Qualities    Required   of  Concrete   to   Resist   Action   of   Sea   Water.      W.    Walters    Pagon. 

(Abstract  from  Journal,  Engrs.'  Club  of  Baltimore.)       (16)      July  29. 
Gravel  Aggregate  for  Concrete.*      W.  K.  Hatt.      (67)      Aug. 
Practical    Methods   for   Testing   Fire   Brick.*      C.   B.    Nesbit   and   M.    L.    Bell.      (116) 

Aug. 
The    Cumberland    Method    of    Preventing    Corrosion.*      Elliott    Cumberland.      (Paper 

read  before  the  Inst,  of  Metals.)       (64)      Aug.  1. 
Appearance  of  Quaking,  Mushy  and  Fluid  Concrete.*      (86)      Aug.  2. 
Mechanical  Handling  of  Asphalt.*      S.  G.  Talman.      (96)      Aug.  3. 
A  New  Sheet  Piling.*      (96)      Aug.  3. 
The    "Growth"    of    Internal    Combustion    Engine    Cylinders.*       J.    B.    Hurst.       (11) 

Aug.   4. 
Building-Foundation   Specialists   use  Sectional   Forms.*      (14)      Aug.   5. 
Improved     Arrangement     Doubles     Production     of     Concrete-Casting     Plant.*      (14) 

Aug.  5. 
Pneumatic    Placing    Saves    Space    in    Concreting   Retaining    Wall.     D.    S.    Studdiford. 

(14)      Aug.  5. 
Hydrated-Lime  Mortar  Increases  Strength  of  Brick  Piers.      (14)      Aug.  5. 
World's  Reinforced-Concrete  Construction  Record  Claimed  for  Frame  of  Philadelphia 

Factory.*      (14)      Aug.   5. 
Brick    Chimney   Strengthened    by   Reinforced    Concrete.*      Ernest    McCullough.      (14) 

Aug.  5. 
Efficiency  of  Unsymmetrical  Riveted  Joints.*      R.  N.  Blackburn.      (64)      Aug.  8. 
Flat-Slab  Floor  Failure  due  to  Poor  Brick  Wall  Columns.*      (13)      Aug.  10. 
Central     Concrete-Mixing     Plant     Tried     at     Baltimore.*      G.     Y.     Carpenter.      (13) 

Aug.  10. 
Unit  Stresses   for  Timber;   Manufacturers'   Table.      (13)      Aug.    10. 
Special  Strain  Gage  has  One-Piece  Welded  Frame.*      (14)      Aug.  12. 
Dynamite     Proves     Effective     in     Wrecking    of     Panama-Pacific     Exposition.*      (14) 

Aug.   12. 
Interesting  Concrete  Plants  Illustrate  Modern  Methods.*      (14)      Aug.  12. 
Cylinder    Pier   Foundations   Laid    Inside    Sheetpile   Wells.*      C.    S.    Boardman.      (13) 

Aug.  17. 
Longest  Span  Slab  Used  in  Chicago  Hospital.*      J.  Norman  Jensen.      (14)      Aug.  19. 
The  Capacities  of  Chimneys.*      George  A.  Orrok.      (64)      Aug.  22. 
Methods  and  Cost  of  Constructing  a  Reinforced  Concrete  Storehouse.      E.   R.  Gayles. 

(Abstract  from  Public  Woi'k-s  of  the  Navy.)      (86)      Aug.  23. 
Heat  Transmission  Through  Glass  as  Used  in  Building  Construction.*      John  R.  Allen. 

(Abstract    from    paper    read    before    the   Am.    Soc.    of    Heating    and    Ventilating 

Engrs.)       (86)      Aug.   23. 
Practical    Closure    Sheet    for    Single    Wall    Steel    Sheet    Pile    Cofferdams.*      Carl    O. 

Johnson.      (86)      Aug.  23. 
Apparatus   and   Methods   Used    in   Measuring   the   Vibrations   in   a   Building.*      P.    E. 

Stevens.  (Abstract  from  Bulletin,  Civ.  Engrs.  Soc.  of  St.  Paul.)  (86)  Aug.  23. 
Constructing  Pile  Foundation  in  Hard  Gravel.*  Smith  O.  Steere.  (13)  Aug.  24. 
Structural    Design    of    a    Peaked    Reinforced-Concrete    Roof.*      J.    Norman     Jensen. 

(13)      Aug.  24. 
Sinking  a  Shaft  by  Dredging  Through  Springs  and  Gas.*      (13)      Aug.  24. 
A   New  Type  of   Concrete   Coaling   Station.*      (15)      Aug.   25. 
Estimating  Quantities  in  Sheet  Metal  Work.*      (101)      Aug.  25. 
Timbers  of  the  Philippines.      (19)      Aug.  26. 

Diagrams  for  Cost  of  Placing  Steel  Reinforcement.      Dan  Patch.      (14)      Aug.  26. 
Long-Span  Concrete  Arched  Bents  Support  Roof  of  Chicago  Hebrew  Institute.*      (14) 

Aug.  26. 
Properties  of  Iron  and  Steel  Wires  and  Cables.*      Clem  A.  Copeland.      (Ill)      Serial 

beginning  Aug.  26. 
Sand   Sluiced   Around    Field    Museum    Columns,    Chicago,    Holds   them    for    More   Fill 

by  Conveyors.*       (14)      Aug.  26. 
Calcium  Chloride  Hastens  Seasoning  of  Concrete.*      (14)      Aug.  26. 
A    Simple    and    Efficient    Cost    Keeping    System    for    (Concrete    Construction.      (86) 

Aug.  30. 
Pneumatic  Concreting  and   its   Development.      J.   H.   Graham.      (13)      Aug.   31. 
Tons  of  Coal  a  Bin  will  Hold.*      W.  F.  Schaphorst.      (83)      Sept.   1. 
Le  Prettage  dans  les  Travees  Inflechies.      Goupil.      (43)      Nov.,   1915. 
La    Cohesion     Intercristalline    des    Metaux.      W.     Rosenhain     et    D.     Ewen.      (From 

Inst,  of  Metals.)       (93)      Dec,  1915. 
Nouvelles  Instructions  allemandes  Relatives  au  Calcul  du  Beton  Arme.      C.  Lemaire. 

(33)      July  22. 
Durchleuchtung    von    armiertem    Beton    mit    Rontgenstrahlen.*      E.    Stettler.      (107) 

July  8. 
Statische  Untersuchung  durchbrochener  Wandtrager  in  Eisenbeton.*    S.  Kasarnowsky. 

(107)      Aug.  5. 

*  Illustrated. 
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Topocraphical. 

Specifications   and   Unit  Costs   for  an   Extensive   Topographical   Survey.     Henry   Fox. 

(IIS)      July. 
Methods  and  Cost  of  Reproducing  and  Reducing  Engineering  Drawings.     J.  X.  Cohen. 

(86)      Aug.  30. 

Water  Supply. 

The  Wilson  Avenue  Water  Tunnel,  Chicago.*      H.  W.  Clausen.      (4)      May. 

The     Middleboro,     Mass.,     Reinforced     Concrete     Water     Tower     Tank.*      George     A. 

Sampson.      (28)      June. 
Some    Water-Works    Experiences    in    Hartford,    Conn.*      Caleb    Mills    Saville.      (28) 

June. 
Plans   and   Records  of  Water   Distribution    Systems.*      William   P.   Walker.      (Paper 

read  before  the  Inst,  of  Water  Engrs.)       (104)  June  30  ;   (96)   Aug.  10. 
The   Alignment   Diagram   Applied  to  the   Flow  of  Water   in  Uniform   and   Compound 

Mains.*      D.     Halton     Thompson.      (Paper     read     before     the     Inst,     of     Water 

Engrs.)       (104)   June  30;    (66)  Aug.  1. 
Mechanical    Water    Filtration    Plant    at    Lancaster.     Arthur    G.    Bradshaw.      (104) 

July   7. 
Pumping  Machinery  Test  Duty  vs.  Operating  Results.      J.  N.  Chester.      (Paper  read 

before  the  Am.  Water  Works  Assoc.)       (64)      July  11. 
The    Swedish     State    Hydro-Electric     Power-Station     at    Alfkarleby.*-      (11)      Serial 

beginning   July   14. 
Progress   upon   the   Hetch  Hetchy   Project.*      Robert   Sibley.      (Ill)      July    22. 
Pumps  for  the  Irrigation  of  Small  Areas.*      Barry  Dibble.      (Ill)      July  22. 
Pumping  Plant  for  Small  Irrigation  Projects.*      (64)      July  25. 
Siphon-Operated    Hydraulic    Ram    of   Long    Standing.*      H.    S.    Palmer.      (13)      July 

27. 
Phenomenal   Rains  the  Cause  of  Southern  Floods.*      (13)      July  27. 
Cleveland   Filter   Roof   Collapse   under   Investigation.*      (13)      July   27. 
Power   Plants   and  Factories   Moved  at   Seneca  Falls.*      (13)      July   27. 
Automatic  Control  of  75  Kva    Hydro-electric  Plant.      D.  R.  Shearer.      (27)      July  29. 
Preparing    Land    for    Flooding    Methods    of    Irrigation    with    Small    Heads.*      (Ill) 

July   29. 
Setting  Water  Meters  at  Terre  Haute,    Ind.      Jay  A.  Cravens.      (60)      Aug. 
Water  Treatment  on  the  Missouri  Pacific.*      (25)      Aug. 
The  Niagara  Falls  Power  Famine.      (105)      Aug.   1. 
Couteau  Power  Company  Development.*      (96)      Aug.  3. 
Overtopped   Earth  Dam  Fails.*      (13)      Aug.   3. 

Two  New  Dams  Proposed  for  San  Diego  Water-Supply.      (13)      Aug.  3. 
New  Standard   Irrigation  Weir.*      (From  Journal  of  Agricultural  Research.)       (13) 

Aug.    3. 
Slow   Rate   of   Utilization   of   Irrigation   Works.      R.    P.    Teele.      (13)      Aug.    3. 
Tunnel  Grouting  in  Brooklyn  End  of  Catskill  Aqueduct.*      O'Kelly  W.  Myers.      (13) 

Aug.   3. 
Power  Development  in  Saskatchewan.      E.  Hanson.      (96)      Aug.   3. 
Pumping  7  500  000  Gallons   Daily  by  Air  Lift.*      (13)      Aug.   3. 

Water  Supply  Equipment  of  Ocean-Going  Craft.      (101)      Serial' beginning  Aug.   4. 
Water   Waste.      C.   R.    Knowles.      (23)      Aug.   4. 
Construction   of  Irrigation  Checks.*      (Ill)      Aug.  5. 
Spacing  Diagram  for  Hoop  Reinforcing  for  Reinforced  Concrete  Standpipes.*      FranK 

H.  Carter.      (86)      Aug.  9. 
A  Preliminary  Report  upon   Purification  of  Swimming  Pools  of  the  State  University 

of   Iowa.*      Jack   J.   Hinman,   Jr.      (86)      Aug.    9. 
A   $4  000  000   Water   Supply   Development   for   Seattle,   Wash.      (86)      Aug.    9. 
Cost    of    Structures    of    the    Second    Unit    of    the    Dodson    North    Canal,    Milk    River 

Irrigation  Project,  Malta,  Mont.     A.  E.    Bechtel.      (86)      Serial  beginning  Aug.  9. 
Tests   Showing  High   Air   Lift   Pump   Efficiency.      (86)      Aug.   9. 
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Synopsis. 


The  physical  development  of  the  Western  States  is  far  from  com- 
plete, and  although  the  larger  municipalities  may  be  able  to  finance 
utilities  satisfactorily,  in  a  manner  c  unmensurate  with  their  needs, 
the  growth,  particularly  of  the  outlying  districts  and  smaller  towns, 
will  await  largely  the  investment  of  private  capital.  In  order  to 
advance,  all  communities  must  have  light,  transportation,  telephone 
service,  water,  etc.  These  utilities,  whether  privately  or  publicly 
owned,  are  essential  to  develoi^ment.  In  California,  at  present,  exclu- 
sive of  steam  railroads,  95%  of  the  value  of  the  public  utilities  is  in 
private  ownership. 

In  addition  to  the  advisability  of  the  public  administration  of 
both  publicly  and  privately  owned  utilities  being  conducted  on  a 
fair  and  reasonable  basis,  it  is  essential  that  this  administration  should 
be  such  as  will  encourage  the  investment  of  private  capital  therein. 
If  the  rates  for  service  of  publicly  owned  utilities  are  too  low,  and 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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deficits  are  made  up  from  the  general  tax  fvmds,  such  administration 
is  unfair  to  privately  owned  utilities  and  will  tend  to  discourage  the 
investment  of  private  funds  therein,  in  States  practicing  this  policy. 
Of  late,  and  at  present,  in  California,  voluntary  investment  in  privately 
owned  utilities  is  awaiting  the  determination  of  public  policy  relative 
thereto. 

The  rates  for  service  of  a  publicly  owned  utility  should  be  fixed 
in  the  same  manner  as  that  for  one  privately  owned,  that  is,  it  should 
be  based  on  operation,  plus  depreciation,  plus  reasonable  interest  on 
value.  Any  surplus  resulting  from  such  administration  should  be 
deposited  in  the  public  treasury  of  the  city  to  the  credit  of  the 
general  tax  fund. 


Public  utilities  are  the  framework  on  which  the  commonwealth  is 
developed.  All  classes  of  citizens  desire  ready  access  to  transportation, 
light,  water,  power,  and  telephones,  in  order  to  develop  their  com- 
munities economically.  Excluding  steam  railways,  95%  in  value  of 
the  public  utilities  of  California  are  privately  owned.  Statistical 
tables  (Tables  1  and  2)  show  that  not  more  than  10%  of  the  State  of 
California  (after  omitting  the  area  of  the  desert  lands  south  of  Owens 
Lake)  is  developed  as  to  density  of  population,  and  about  20%  as  to 
value.  The  wealth  per  capita  is  high.  It  must  be  borne  in  mind  that 
the  growth  of  a  community,  and  its  attendant  wealth,  are  largely  de- 
pendent on  public  utilities;  and  the  investment  of  private  capital  in 
these  enterprises  should  be  fostered  and  encouraged  with  a  view  to 
the  further  growth  of  the  State.  A  new  and  undeveloped  State,  such 
as  California,  manifestly  cannot  publicly  build  all  its  utilities. 

There  has  been  difficulty  in  obtaining  the  data  on  the  relative  value 
of  municipally  and  privately  owned  utilities  in  California.  That  of 
the  privately  owned  utilities  for  1912  is  taken  from  the  report  of  the 
State  Railroad  Commission.  This  covered  all  the  privately  owned 
utilities,  with  the  exception  of  the  steam  railroads,  which  have  not  been 
pro-rated  for  the  different  States.  The  best  information  on  the  munic- 
ipally owned  utilities  is  found  in  the  report  of  the  California  State 
Controller  for  1914.  This  rei)ort  gives  statistics  relating  to  the  munic- 
ipal utilities  in  the  State.  For  some  of  them,  however,  the  values 
were  not  stated,  and  some  were  incomplete,  as  in  the  case  of  the  Los 
Angeles   Water   Departm.ent,   where   the    aqueduct   was   omitted.      To 


Papeis.l    HATES   KOI{    MUNICMPALLY   OWNED   PUBLIC   UTILITIES  1223 

3  000  000 


S'l  500  000 


/ 

RATE  OF  INCREASE 

IN  POPULATION 

IN  THE  STATE  OF  CALIFORNIA. 

1 

/ 

J 

/ 

/ 

J 

y^ 

/ 

/ 

_^ 

^ 

) 

2  250 


1- California. 

2-  Illinois,  Missouri,  Kansas. 

3-  New  England. 

^ 

iT 

1- Pennsylvania. 

5-  New  York  . 

6-  The  whole  United  States. 

7-  British  Isles. 

8-  France . 

9-  Germany. 
10-  Connecticut. 

O 
9 

^ 

y 

10 

O                               y 

^ 

, 

4 

O 

/^            5 

"4 

RATE  OF  INCREASE  IN  WEALTH 

PER  SQUARE  MILE 

DUE  TO 

INCREASE  IN  POPULATION. 

100  000  200  000  300  000  400  000  500  000 

Value  In  Dollars  per  Square  Mile. 

Fig.  2. 


1224  BATES   FOR  MUNICIPALLY   OWNED   PUBLIC    UTILITIES    [Papers. 


P  cc  T  a-^d  2  (t  =t 
•-    S  ^  n.B'o'^Di* 


O 
D.P 
a>  -• 
CO  r^- 

3-D 


^  d 

«  CD 


P  X  B 

01   "^ 

CO 

?rcB 


►-*  K*  JO  '-'  OS  *i  ►-* 


CI»  O^  CO  rf^  CD  ^^ 

?D-I050tO'-*0:U105CC 

00  —  oa;*3— 'C;»c;tto-j 


COOOCJC050H-  —  CJttO 


coco—  CO         l-i>-i 

COOt-^OC^ICnOO  —  O 


1-1         .Jl— .      fJ  COO 

wosoccnoiotD-io 


oooioeooi-' 


— ^ 


3  O  CO  CO  CC  *-  ^  M 


ooc;T-^*'.Oi?o*^cs 

CO  CO  Ol 

I  ci>  cnoc*o 
)01  »*^oo  o 
>  O  *^  CJ»  o 

.00100 

■  ooc  o 

lOQOO 

'  oooo 


COM-1        IS^K-^^ 

oorf)».QC;T(x>*^**c:o» 

C0--0»-'0:ODOOCCO 
OUlOipOOQtDtO 
OOOOOOOOO 
OOOOOOOOO 


h-ilO-     Oi-'COCtt-JO 
li^^OHt^-^OiCCCXO 


JOOOMCOOO 


lOKi  —  l-'>-'CO>-'tO>-' 

cok)C;tccoo'--cdoo 

I00t-*05— CCO-OiO 


<! 


B  £S^ 

■   p  — 


3-2i 


p°  s. 

B  CO  X 


CD        — 

B  i-d:^ 

"§■  s. 


P  2   T 


o 

w 

CZ3 

;> 


o 

w 

H 

w 

OS 

o 
o 


Papers.]    RATES  FOR   MUNICIPALLY   OWNED   PUBLIC    UTILITIES  1885 


TABLE  2.— Relative  Value  of  Publicly  and  Privately  Owned 
Utilities  in  California  in  1912. 
Total  population  of  incorporated  cities  in  California  =  2  340  242. 
Publicly  Owned  Utilities. 


Class  of  utilities. 

fc2 

a  03 
§ft 

0 

Value  of 
plants  in 

ciiies 
reported. 

Population 
of  cities 
owning 

plants  with 
no  value 
reported. 

a 
-.2 

o 

ft 

n 

Water 

81 

14 

1 

6 

1  033  410 

109  819 

6000 

978  127 

$58  633  904 

1  884  709 

85  936 

3  700 

1  119  346 

113  519 

6  000 

978  127 

$67  770  000 

1  950  000 

42  000 

4  091  440 

4  091  440 

Total           

$73  853  440 

Privately  Owned  Utilities. 


Class  of  utilities. 


Number 
of  plants. 


Value. 


Total  values. 


Street  railways 

Water 

Gas  and  electric  companies 

Telephone  and  telegraph 

Wharfinger     warehouse     com- 
panies  


30 
238 
113 

81 


$454  892  593 
204  000  917 
525  677  587 
253  357  061 

7  391  338 


Publicly  owned. . . 
Privately  owned. . . 


$73  853  440 
1  445  319  496 


Ratio  of  public  to  private  5.1 
per  cent. 


Total . 


$1  445  319  496 


cover  this  latter  item,  $26  000  000  is  added  here.  The  values  for  the 
cities  omitted  are  interpolated  by  computing  the  average  value  per 
capita  for  all  the  cities  given  and  applying  this  figure  to  the  population 
of  the  cities  omitted.  The  Controller's  report  makes  no  mention  of  the 
San  Francisco  City  Railways.  These  results  are  tabulated.  Excluding 
the  steam  railroads,  the  value  of  municipally  owned  utilities  is  only 
5.1%  of  those  privately  owned. 

There  is  of  late,  in  the  United  States,  a  decided  trend  toward  pub- 
lic ownership  of  public  utilities,  especially  by  municipalities.  In  Cali- 
fornia, both  the  Railroad  Commission  and  the  Courts  have  recently 
prevented  privately  owned  public  utilities  from  entering  a  municipality 
which  is  already  being  served  adequately  by  another  privately  owned 
public  utility  of  the  same  class.  Yet  municipalities  of  this  State  are 
exempt  from  such  legal  restrictions,  and  our  highest  Federal  Courts 
have  confirmed  the  right  of  the  public  to  invade  the  field  of  a  privately 
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owned  utility  in  competition,  without  the  legal  obligation  either  to 
condemn  or  purchase  the  privately  owned  plants.  The  people  have 
this  inherent  right  to  serve  themselves,  and  though  the  public  should 
be  able  to  enjoy  the  profit  and  security  of  their  own  service,  there  is  a 
broad  equity  involved  that  requires  the  protection  of  the  privately 
owned  plant  which  has  been  built  in  good  faith  and  is  being  operated 
under  public  regulation  so  that  its  rates  are  just  and  its  service  ade- 
quate. It  would  be  a  public  misfortune  to  confirm  the  impression  that 
private  investments  are  to  be  over-ridden  unfairly  and  in  such  a  way 
as  to  injure  legitimate  investment.  If  unfairness  is  practiced  in  our 
larger  centers  of  population,  having  substantial  bonding  resources,  it 
is  apt  to  delay  greatly  the  development  of  the  back  country,  where 
public  credit  for  large  enterprise  is  lacking. 

Rate-fixing  commissions  must  be  given  credit  for  stabilizing  the 
value  of  public  utilities  bonds.  Stockholders  have  suffered  severely, 
and  in  many  instances  they  should.  In  California  public  utility 
corporation  bonds,  approved  by  State  authority,  are  now  sought  after. 
The  bondholders  are  usually  only  loaners  of  money.  It  requires  stock 
buyers  to  build  extensions  and  new  works.  The  writer  feels  that  it 
would  lead  to  the  more  rapid  development  of  the  State  if  the  Com- 
mission's policy  were  more  liberal  in  the  fixing  of  valuations,  and 
especially  in  the  permissible  rate  of  interest  return  allowed.  Private 
capital  invested  in  utilities  should  be  protected  against  unjust  compe- 
tition of  publicly  owned  utilities.  The  building  of  private  utilities  in 
California  has  been  practically  stopped  until  it  becomes  more  apparent 
what  this  public  policy  is  to  be.  In  Wisconsin  this  stage  of  State 
development  has  been  passed. 

In  so  far  as  known,  neither  the  California  Railroad  Commission, 
nor  the  California  Courts  have  ever  expressed  themselves  as  to  what 
would  be  a  reasonable  rate  for  a  publicly  owned  utility  to  charge  its 
consumers.  The  Wisconsin  Railroad  Commission  has  reviewed  this 
question,  and  the  trend  of  its  decisions  is  to  the  effect  that  the  rate 
should  be  fixed  in  the  same  manner  as  though  the  utility  were  privately 
owned,  the  theory  being  that,  where  a  pviblicly  owned  utility  is  in 
competition  with  one  privately  owned,  it  should  not  be  given  such 
preference  as  to  result  in  the  destruction  of  the  value  of  the  private 
plant.  For  instance,  if  a  city  goes  into  competition  with  privately 
owned  plants  for  the  sale  of  electric  energy  within  its  boundaries,  and 
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the  interest  on  the  bonds  and  the  sinking  fund  is  paid  from  tiie  general 
tax.  it  would  put  such  a  handicap  on  the  privately  owned  plant  as  would 
ultimately  work  its  destruction. 

The  rates  for  municipally  owned  utilities  in  California  have  often 
been  fixed  rather  as  a  political,  than  as  an  economic,  question,  it  being 
a  popular  and  easy  road  to  public  favor  to  advocate  the  reduction  of 
any  rate. 

The  rate  for  a  public  utility  service  should  be  based  on  the  fair 
value  of  the  properties  used  and  useful  in  the  service,  irrespective  of 
whether  the  plant  is  privately  or  municipally  owned.  The  municipal 
plant  should  be  viewed  as  an  investment  of  public  funds  by  the  city, 
and  it  should  be  operated  with  the  view  of  obtaining  a  profit  on  the 
investment. 

The  rate  for  a  privately  owned  utility  should  be  adequate  to  pro- 
vide, first,  for  the  expenses  of  operation  and  maintenance,  second,  for 
depreciation,  and  third,  for  an  interest  return  on  the  fair  value  of  the 
property.  This  last  item  will  provide  interest  on  the  bonded  debt  and 
any  profit  accruing  to  the  o\vner.  With  a  municipally  owned  utility, 
in  addition  to  these  expenses,  there  is  a  bond  redemption  fund.  It  has 
no  counterpart  in  a  privately  owned  plant,  as  its  bonds  are  seldom 
retired,  but,  on  maturitj^,  are  taken  care  of  by  a  refunding  process.  In 
California,  however,  the  law  requires  that  municipalities  retire  one- 
fortieth  of  the  bond  issue  each  year. 

There  are  four  classes  of  people  who  should  assist  in  bearing  the 
cost  of  a  municipally  owned  public  utility : 

First. — The  city  as  a  whole,  or  the  government ; . 

Second. — The  consumer ; 

Third. — The  owner  of  vacant  lots; 

Fourth. — The   real   estate  promoter   who   desires  extensions  made 

to  new  subdivisions. 

:  Mil 

First. — The  City's  Share  of  the  Expense. — The  municipality  should 

contribute  from  the  general  tax  fund  for  the  cost  of  all  public  uses  of 

water,  notwithstanding  the  fact  that  the  origin  of  the  fund  is  usually 

from  the  general  tax  budget.     The  city  should  also  provide  from  the 

general  tax  budget  the  annual  contrib\itions  to  the  bond  redemption 

fund  for  the  utility.     If  the  municipality's  credit  has  been   used  in 

the  issuance  of  bonds  for  the  purchase  or  construction  of  the  utility 
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plant,  then  the  refunding  of  these  bonds  from  the  general  tax  budget 
is  virtually  payment  for  the  plant  by  the  city  as  a  whole. 

Second. — The  Consumer's  Share  of  the  Expense. — The  consumer 
should,  manifestly,  pay  for  the  operation  and  maintenance  of  the  sys- 
tem, and,  if  the  municipally  owned  utility  is  to  be  treated  on  the  same 
plane  with  one  privately  owned,  then  it  follows  that  the  depreciation 
account  and  interest  on  the  fair  value  of  the  property  should  be  also 
charged  to  the  consumer.  To  deduct  from  the  rates  the  depreciation 
and  interest  would  put  such  a  handicap  on  competing  privately  owned 
utilities  that  they  probably  could  not  live.  This  situation,  however,  is 
one  that  cannot  be  treated  by  a  hard  and  fast  rule.  For  instance,  if  a 
municipality  is  looking  broadly  into  the  future  for  its  public  neces- 
sities, as  is  being  done  by  the  Cities  of  Santa  Barbara  and  Los  Angeles 
in  the  building  of  their  aqueducts,  and  the  depreciation  and  interest 
charges  on  these  large  expenditiires  are  put  solely  on  the  present  con- 
sumers, it  may  result  in  a  rate  that  would  prevent  adequate  and  de- 
sired uses  of  the  utility.  Apparently,  some  latitude  must  be  exercised 
in  every  instance,  in  determining  how  this  distribution  should  be 
made,  in  order  to  obtain  a  rate  which  is  a  feasible  operating  one. 

Assuming  that  the  city  can  borrow  money  on  its  bonds  at  5%,  and 
that  a  reasonable  service  rate  for  the  utility  will  provide  interest  on 
the  fair  value  of  the  property  at  7%,  there  accrues  a  2%  differential 
which  is  in  effect  the  profit  in  operating  the  utility.  This  profit  should 
be  expended  in  the  ordinary  extensions  and  betterments  of  the  system, 
so  as  to  avoid  the  necessity  for  frequent  bond  issues  to  make  these  im- 
provements. These,  in  fairness,  should  be  paid  for  by  appropriations  by 
the  city  council  from  the  general  tax  fund.  However,  those  who  have 
had  to  do  with  these  matters  know  that  such  allotments  of  money  can- 
not be  obtained,  as  a  .practical  working  proposition.  Only  when  a 
large  and  substantial  improvement  is  to  be  made  should  it  be  done  by 
means  of  a  bond  issue.  If  any  surplus  accrues  from  the  profit  of  the 
system,  over  and  above  the  expenditures  for  improvements  and  better- 
ments, this  surplus  should  be  turned  into  the  general  funds  of  the  city, 
for  the  purpose  of  reducing  taxes  rather  than  rates. 

There  are  two  classes  of  consumers  under  the  municipally  owned 
plant,  those  who  are  not  taxpayers  in  the  community,  and  those  who 
are.  The  consumer  who  does  not  contribute  taxes  is  paying  a  fair 
price  for  the  service  received,  and  is  not  entitled  to  have  the  cost  of 
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this  service  reduced  simply  because  he  happens  to  be  temporarily  a 
resident  in  a  community  o\^•ning  the  utility.  He  has  no  investment 
there,  and  has  assumed  no  liabilities  on  its  account. 

Property  owners  have  guaranteed  the  payment  of  public  debts.  If 
the  bond  redemption  fund  is  provided  for  from  the  general  tax  levy, 
all  taxpayers  are  proportionate  owners  of  the  utility.  A  share  of  the 
profits  accruing  from  this  ownership  should  revert  to  the  taxpayers 
through  the  general  fund,  so  that  the  consumer  who  is  a  taxpayer  re- 
ceives an  indirect  benefit  from  the  ownership  of  the  utility  in  this 
way.     This  system  would  encourage  property  o\\^lership. 

Third. — The  Vacant  Lot  Owner's  Share  of  the  Expense. — The  va- 
cant lot  owner  in  our  Western  towns  is  a  source  of  great  expense  and 
burden  to  all  utilities.  It  is  probable  that  one-half  the  mileage  of 
distribution  mains  is  caused  by  his  speculation  in  land  values.  The 
utility  is  standing  ready  to  serve  at  any  time,  and  the  value  of  the 
vacant  property  depends  largely  on  its  privilege  to  be  benefited  thereby. 
Unless  a  charge  is  assessed  against  vacant  lot  owners,  they  are  secur- 
ing benefits  without  adequate  contributions  to  the  expense  of  the 
plants.  Some  system  of  assessment  on  such  vacant  property  on  a  front- 
foot  basis  should  be  developed  to  cover  this  element,  as  is  often  done 
in  street  paving  and  sewer  work. 

A  portion  of  the  cost  of  building  the  utility  is  borne  by  the  vacant 
lot  owner  in  that  he  is  a  taxpayer  and  has  assumed  the  liability  for 
the  debts  of  the  community.  He  enjoys  the  broad  and  general  benefits 
that  result  from  the  operation  and  ownership  of  the  plant,  which  the 
consumers  alone  should  not  pay  for.  There  are  many  vacant  lots  in 
the  old  and  established  portions  of  the  city  where  the  plant  has  long 
been  built,  and  such  lot  owners  cannot  be  assessed  as  in  the  case  of 
an  extension  to  a  new  subdivision.  Possibly  they  should  be  charged 
an  assessment  each  year,  which  should  go  into  a  fund  for  ordinary 
betterments  of  the  system  or  into  the  public  treasury. 

Fourth. — The  Real  Estate  Promoter's  Share  of  the  Expense. — The 
real  estate  promoter  is  continually  making  new  subdivisions  and  peti- 
tioning the  utilities,  whether  publicly  or  privately  owned,  to  make 
extensions  therefor.  With  privately  owned  utilities  it  is  usually  de- 
manded that  the  promoter  shall  pay  for  the  cost  of  the  extensions. 
This  policy  has  also  been  followed  in  many  of  the  publicly  owned  utili- 
ties, but  it  has  resulted  in  political  agitation,  and  has  been  vigorously 
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resisted  by  the  interests  who  are  active  in  their  efforts  to  speculate  on 
the  community.  ;\  -giinrvro  •■^liaun 

The  vacant  lands  exploited  by  the  real  estate  promoter  may  be 
divided  into  two  classes:  first,  those  lying  within  the  corporate  limits 
of  the  municipality  owning  the  public  utility;  and  second,  those  out- 
side these  corporate  limits. 

In  the  first  instance  it  would  be  equitable  to  require  the  owner  of 
the  property  to  pay  a  frontage  tax  to  cover  the  cost  of  the  distribu- 
tion system  fronting  the  property  in  question,  this  contribution  to  be 
returned  vvhen  this  part  of  the  plant  is  on  an  earning  basis.  It  would 
not  be  proper  to  charge  a  portion  of  the  cost  of  the  mother  plant 
against  these  extensions,  because  the  property  will  already  have  paid 
some  proportion  of  the  cost  thereof  in  taxes,  and  will  pay  more  as  its 
value  increases.  The  assessments  for  the  extensions  to  the  new  sub- 
division within  the  corporate  limits  of  the  city  should  be  in  the 
nature  of  a  temporary  donation. 

If  the  lands  to  be  exploited  are  outside  the  corporate  limits  of  the 
community,  it  would  again  be  just  to  require  the  owner  temporarily 
to  advance  the  funds  necessary  to  make  the  extensions.  So  far  as 
concerns  storage  reservoirs  and  conduit  systems,  or  any  of  the  mother 
plant  built  for  the  distant  future,  and  which  may  equitably  be  as- 
sumed to  involve  the  promoter's  lands,  a  portion  of  the  cost  of  this 
excess  capacity  should  justly  be  charged  to  the  promoter. 

This  whole  problem  cannot  be  solved  rigidly  with  a  rule  which 
will  apply  to  all  cases.  There  is,  however,  the  necessity  for  outlining 
some  general  theory,  on  which  municipalities  should  proceed.  Even 
if  it  is  clearly  defined,  and  is  endorsed  by  high  authority,  there  will  be 
the  practical  political  difficulties  of  fixing  and  maintaining  rates  at  a 
just  ix)int.  Obstacles  will  have  to  be  overcome  in  case  it  is  necessary 
to  increase  a  rate.  There  is  great  inertia  inherent  in  communities, 
and  this  it  is  necessary  to  prevail  against,  in  order  to  make  a  change 
of  any  sort. 

Our  cities  are  becoming  great  business  concerns,  and  should  be 
managed  fairly  and  scientifically,  not  only  for  the  interests  of  the 
citizens  therein,  but  also  for  those  who  have  financed  in  one  way  or 
another  their  utilities  and  early  development. 
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Synopsis. 
This  paper  deals  with  the  classification  by  the  Dominion  Govern- 
ment of  a  very  large  area  of  irrigable  land  developed  by  the  Canadian 
Pacific  Railway  Company  in  the  Province  of  Alberta.  The  reason 
for  undertaking  the  work  is  stated.  The  climatic,  soil,  and  crop  con- 
ditions of  the  area  under  discussion  are  described,  and,  as  governed 
by  these,  the  basis  of  the  classification  is  stated.  Then  the  actual 
manner  in  which  the  classification  of  the  land  was  made  is  described 
in  detail. 


The  Reason  for  Government  Classification. — The  development  of 
the  Western  Section  irrigation  block  was  carried  out  by  the  Canadian 
Pacific  Railway  Company.  Construction  was  started  in  1903,  and  the 
project  was  practically  completed  in  1910.  The  development  covers 
a  gross  area  of  about  1  037  000  acres,  of  which  more  than  223  000  acres 
are  irrigable.  There  are  17  miles  of  main  canal,  254  miles  of  secondary 
canals,  and  1  300  miles  of  distributaries.  The  total  cost  of  construc- 
tion has  been  $4  325  000,  and  it  is  estimated  that  a  further  expenditure 

Note. — These  papers  ai^  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting. 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion  in  full,   will  be   published   la  Transactions. 


1232  CLASSIFICATION    OF    IRRIGABLE    LANDS  [Papers. 

of  $1  500  000  will  be  necessary  to  replace  wooden  structures  with  con- 
crete.    About  66%  of  the  irrigable  lands  have  been  sold. 

The  law  in  force  in  Alberta,  and  under  the  provisions  of  which  the 
project  was  constructed,  is  the  Dominion  statute  entitled  the  Irriga- 
tion Act. 

This  Act  contains  a  clause  to  the  eifect  that,  before  a  water  license 
is  granted  to  any  person  or  corporation,  a  certificate  must  be  issued, 
by  the  Chief  Engineer  appointed  mider  the  Act,  certifying  "that  the 
works  as  constructed  are  capable  of  carrying  and  utilizing  a  stated 
quantity  of  water".  It  is  necessary  to  certify  to  the  carrying  capacity 
of  the  works  because  this  has  a  fixed  ratio  to  the  irrigable  area,  based 
on  the  legal  duty  of  water,  which  is  fixed.  The  Minister  of  the  In- 
terior, who  is  created  by  the  Act  the  high  executive  officer  of  the 
Crown,  decided  that  in  the  case  in  question  the  fullest  intent  of  the 
quotation  above  should  be  carried  out  and  ruled  that  "utilization" 
should  be  held  to  mean  "beneficial  utilization". 

This  decision  made  it  necessary  to  make  a  complete  classification 
of  all  the  irrigable  land,  and  this  had  to  be  based  on  a  rigid  definition 
of  the  words  "beneficial  use"  in  terms  of  dollars  and  cents. 

Determination  of  the  Basis  for  Classification. — It  was  admittedly 
a  difficult  problem  to  assign  a  cash  value  to  the  term  "beneficial  use", 
which  made  necessary  a  balancing  of  the  added  returns  of  irrigation 
against  the  added  cost  of  irrigation — both  in  comparison  with  dry 
farming. 

The  so-called  "dry  farming"  method  of  agriculture  was  generally 
practiced  in  the  Province,  and  the  value  of  the  returns  from  this 
method  of  agriculture  were  known.  The  value  of  returns  from  irriga- 
tion agriculture  in  the  district  was  not  known,  because  there  had 
been  very  little  actual  irrigation.  It  was  necessary  to  make  a  con- 
servative estimate  of  the  added  returns  over  dry  farming  due  to 
irrigation. 

The  added  cost  of  irrigation  was  considered  to  be  made  up  of  four 
items:  the  additional  first  cost  of  the  irrigable  land  over  non-irrigable 
land;  the  annual  charge  for  water;  the  ordinary  cost  of  smoothing 
and  leveling  the  land  to  allow  of  an  even  spreading  of  the  water;  and 
the  concentrated  cost  of  reaching,  from  the  head-gate,  certain  areas 
of  land  which,  being  cut  off  by  a  depression,  required  embankment  or 
flume  construction,  or,  being  in  a  depression,  required  drainage.     The 
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first  two  items  were  known,  and  the  average  cost  of  smoothing  and 
leveling  was  estimated. 

The  governing  element  in  the  basis  of  the  classification,  which 
will  be  described  in  detail  later,  was  the  item  of  concentrated  cost. 

In  making  an  estimate  of  the  added  returns  of  irrigation,  it  was 
necessary,  because  of  the  lack  of  actual  data  for  the  district,  to  make 
a  very  broad  study  of  all  the  essential  features,  and  these  are  dealt  with 
under  the  headings  of  "Climate",  '-Topography  and  Soil",  and  "Crops". 

Climate. — The  tract  lies  approximately  120  miles  north  of  the  In- 
ternational Boundary  and  50  miles  east  of  the  foot-hills  of  the  Rocky 
Mountains,  and  has  a  general  slope  from  west  to  east.  The  elevation 
of  the  western  boundary  is  about  3  300  ft.  above  sea  level  and  that  of 
the  eastern  end  is  about  2  900  ft. 

The  climatic  conditions  are  very  similar  to  those  in  Northern 
Montana  and  the  higher  valleys  of  Colorado,  where  irrigation  has 
been  practiced  successfully  for  years.  The  average  growing  season 
between  spring  and  fall  killing  frosts  (32°  Fahr.)  is  about  101  days. 

Tables  1  and  2  show  the  temperature  and  precipitation  for  Calgary 
and  Gleichen,  which  are  nearly  at  the  west  and  east  ends  of  the  tract, 
respectively.  The  irrigation  season  extends  from  May  1st  to  Sep- 
tember 30th. 

Topography  and  Soil. — The  topography  is  generally  rolling,  with 
rather  steep  slopes  which  locally  run  up  to  10  or  15  ft.  in  100  ft.  There 
are  many  cross-drainage  lines,  and,  in  order  to  avoid  expensive  cross- 
ings, the  locators  were  forced  to  drop  the  elevation  of  the  canals,  thus 
losing  command  of  some  of  the  higher  and  better  lands.  The  topo- 
graphy is  somewhat  smoother  in  the  eastern  than  in  the  western  por- 
tion of  the  tract. 

The  soil  conditions  over  such  a  large  area,  of  course,  have  a  wide 
variation.  Extreme  conditions,  varying  from  almost  pure  sand  to 
very  heavy  clay,  may  be  found,  but,  speaking  generally,  the  soil  is  the 
usual  clay  loam  commonly  found  on  the  prairies  of  the  Northwest.  As  a 
whole,  the  area  is  overlaid  with  a  surface  soil  containing  a  good  pro- 
portion of  humus,  which  proves  very  fertile.  In  general,  the  subsoil 
is  a  heavy  clay,  making  it  imperative  to  apply  the  irrigation  water 
with  care,  in  order  to  avoid  water-logging  the  land.  Local  conditions 
where  the  soil  is  heavily  impregnated  with  white  alkali  are  found,  but 
black  alkali  is  rare.     As  will  be  indicated  later,  great  care  was  taken 
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TABLE   1. — Table  of  Precipitation  and  Temperature  at  Calgary, 

Alberta. 


Precipitation,  in  Ixches. 

Mean  Temperature,  in  Degrbes, 
Fahrenheit. 

Year 

Total  for  year. 

Total  for  irriga- 
tiou  season. 

For  year. 

For  irrigation 
season. 

1885 

12.91 

9.32 

37.05 

53.6 

1886 

11.32 

5.98 

38.04 

56.2 

1887 

13.69 

9.12 

33.86 

54.1 

1888 

17.51 

11.29 

35.15 

54.6 

1889 

11.59 

6.41 

39.. 54 

54.7 

1890 

14.94 

10.86 

35.68 

54.5 

1891 

in. 44 

8.74 

37.71 

55.0 

1892 

7.91 

5.13 

36.12 

53.  B 

1893 

11.05 

7.17 

31.76 

53.9 

1894 

11.71 

8.02 

37.17 

55.3 

1895 

15.12 

10.99 

36.66 

53.1 

1896 

16.05 

8.12 

36.00 

55  6 

1897 

20.58 

15.02 

37.10 

57.8 

1898 

l.i.58 

11.84 

37.80 

56.6 

1899 

26.15 

21.46 

34.70 

53.0 

190f) 

17.57 

12.18 

38.60 

54.1 

1901 

22.31 

16.47 

39.20 

53.3 

1902 

34.57 

30.75 

37.00 

52.7 

1903 

22.77 

19.91 

37.50 

52.6 

1904 

11.89 

8.71 

36.90 

54.2 

1905 

14.12 

10.02 

39.00 

54.6 

1906 

16.24 

13.50 

39.30 

55.6 

1907 

14.96 

11.48 

30.70 

52.66 

1908 

18.25 

15.68 

40  69 

56.02 

1909 

16.03 

11.98 

35.97 

55.78 

1910 

11.79 

8.53 

37.88 

54  98 

1911 

19.38 

15.08 

35.67 

52.68 

1912 

21.38 

16.54 

39.45 

54.14 

1913 

17.08 

12.85 

39.94 

57.08 

1914 

17.71 

8.97 

40.52 

58.02 

Mean  for  period.. 

16.42 

12.07 

37.29 

54.67 

TABLE  2. — Table  of  Precipitation  and  Temperature  at 
Gleichen,   Alberta. 


Precipitation,  in 
Inches. 

Mean  Temperature,  in 
Degrees  Fahrenheit. 

Year. 

Total  for  year. 

Total  for 

irrigation 

season. 

For  year. 

For  irrigation 
season. 

Remarlis. 

1903 

15.83 
10.32 
11.94 
17.73 

"  "26".5i 
'"  9.90 

13.41 

7.09 
9.61 
13.36 

"va'.sh 

17.13 
6.91 

10.88 
6.20 

10.16 
5.55 

3 

37.09 
37.96 
38.08 

■34!62 

40.18 

"ssios 

55.02 
55.90 

"s-iigo 

55.82         ( 
57.08 
53., 56 
55.06 

1904 

1905 

1906 

1907 

1908 

Records  not 

1909 

complete. 

1910 

1911 

1918 

1913 

1914 

Mean  for 
period 

14.36 

10.38 

37.59 

55.30 
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in  the  classification  to  exclude  as  non-irrigable  any  areas  in  which  the 
soil  analysis  showed  this  great  enemy  to  irrigation  to  exist  in  dan- 
gerous quantity. 

Crops. — The  leading  crops  in  the  Province  are  hard  wheat,  oats, 
and  barley.  The  hardier  strains  of  alfalfa  grow  excellently  under  ir- 
rigation, and  small  fields  throughout  the  tract  produce  from  3  to  4 
tons  per  acre  in  two  or  three  cuttings.  Experimental  plot  work 
has  indicated  that  a  heavy  yield  of  sugar  beets,  with  a  high 
saccharine  content,  can  be  raised  under  irrigation.  The  irrigation 
tract  under  consideration  is  so  young  in  development  as  yet  that  no 
good  general  crop  reports  can  be  obtained.  In  the  Lethbridge  District, 
about  100  miles  to  the  south,  however,  there  are  about  15  000  acres 
under  the  alfalfa  crop  which  produce  about  4  tons  per  acre  under 
irrigation.  '~\ 

For  purposes  of  comparison,  the  following  points  are  noted  with 
reference  to  this  tract.  The  general  elevation  is  about  2  850  ft. ;  the 
soil  conditions  are  more  favorable  as  regards  texture  and  absence  of 
alkali ;  the  annual  precipitation  is  about  2  in.  less ;  and  the  annual 
mean  temperature  is  about  4J°  Fahr.  higher. 

The  Dominion  Government  Experimental  Farm  at  Lethbridge  has 
kept  records  of  the  returns  from  irrigated  and  non-irrigated  crops 
since  1908,  and  Table  3  has  been  compiled  by  using  these  actual  returns 
and  inserting  the  prices  which  were  obtained  each  year,  f.  o.  b.  cars, 
at  Lethbridge.  This  table  must  be  accepted  as  showing  results  from 
plots  on  the  experimental  farm,  which  are  no  doubt  higher  than  those 
obtained  by  the  average  farmer,  but  it  is  considered  that  the  table 
shows  truly  the  relative  increase  due  to  irrigation.  To  be  indicative 
of  the  crops  commonly  raised  under  irrigation  in  the  district,  the 
table  should  include  alfalfa  and  timothy  hay. 

Basis  of  Classification  Adopted. — The  basis  of  classification  adopted 
was  as  follows:     Land  shall  be  classified  as  irrigable: 

(1). — If  it  lies  at  a  lower  elevation  than  the  point  of  delivery, 
after  allowing  a  reasonable  grade  for  a  farm  lateral. 

The  point  of  delivery  shall  be  deemed  to  be  a  point  3  in.  below  the 
crest  of  the  measuring  weir  at  or  within  the  farm  boundary.  Where 
this  measuring  weir  is  not  at  or  within  the  farm  boundary,  the  point 
of  delivery  shall  be  the  elevation  of  full  supply  level  in  the  lateral 
supplying  the  field  outlet,  and  all  measuring  weirs  shall  be  built  in 
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3. — Records  of  Returns  from  Irrigated  and  Non-Irri- 

AT   Lethbridge,   Alta., 
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Bushels,  34 

34 

0 

29 

37 

8 

15 

39 

14 
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830.94 

30.94 

0.00 

27.55 

35.15 

7.60 

12.81 

24.76 
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Oats, 

Bushels,  80 

88 

8 

56 

77 

21 

21 

68 

47 

Hailed. 

$28.00 

30.80 

2.80 

18.34 

35.22 

6.88 

5.67 

18.36 

12.69 

Barley, 


Bushels,  55 


$20.35 


22.20 


8.60 


12 


19.74 


Hailed. 


14.10 


7 J  b')lfqiuo'>  ii'>9«j  ^..                        Potatoes, 

Bushels,  92 

235 

143 

159 

605 

446 

103 

521 

418 

356 

560 

204 

$41.40 

105.75 

64.35 

71.55 

272.25 

200.70 

46.35 

234.45 

188.10 

160.20 

253.00 

91.80 

accordance  with  the  plan  of  farm  weirs  filed  with  the  Commissioner  of 
Irrigation  and  dated  November  1st,  1908. 

The  grade  of  farm  laterals,  when  a  factor  in  land  classification, 
will  be  considered  reasonable: 

(a)  Where  the  natural  slope  of  the  ground  is  less  than  0.10  ft.  in 
100  ft.  at  a  rate  not  less  than  0.05  ft.  in  100  ft. ; 

(6)  Where  the  natural  slope  of  the  ground  is  greater  than  0.10  ft. 
in  100  ft.  at  a  rate  of  not  less  than  0.10  ft.  in  100  ft. ; 

(c)  Wliere  the  slope  of  the  ground  is  at  or  near  the  critical  slope 
of  0.10  ft.  in  100  ft.  at  either  of  the  grades  mentioned  in 
clauses  (a)  and  (h),  such  as  good  and  reasonable  practice 
demands. 
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GATED  Crops  at  the  Dominion  Government  Experimental  Farm 
Canada,  from  1908  to  1914. 
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26.64 
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"  Irish  Cobbler." 

296    501 


133.20 


225.45 


205 


92.25 


229 


103.05 


528 


299 


134.55 


400 


180.00 


495 


222.75 


95 


42.75 


234 


105.10 


492 


221.46 


258 


116.36 


Extremely  flat  country  may  be  irrigated  by  checks  and  flooding, 
and  the  grade  of  the  farm  lateral  need  not  be  considered  in  such  cases, 
it  being  understood  that  the  Minister  of  the  Interior,  or  officers  ap- 
pointed by  him,  shall  be  the  final  judges  of  what  constitutes  "ex- 
tremely flat  country". 

(2). — If  such  land  can  be  reached  by  an  estimated  concentrated 
expenditure  at  one  or  more  points,  for  embankments,  flumes,  etc.,  not 
in  excess  of  $8  per  acre  for  the  land  to  be  served  and  benefited  through 
them. 

(3). — If  such  land  can  be  served  by  a  second  or  other  delivery  at 
a  cost  not  in  excess  of  $8  per  acre  for  the  land  to  be  served  and  ben- 
efited through  them. 
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(4).— When  lying  in  a  depression,  if  it  can  be  drained  at  a  cost 
not  exceeding  $8  per  acre,  and  is  suitable,  arable  land  which  would  be 
benefited  by  irrigation. 

(5). — The  prices  to  be  made  use  of  in  estimating  the  cost  of  em- 
bankments, flumes,  or  other  structures,  shall  be,  unless  otherwise 
ordered  by  the  Minister  of  the  Interior: 

Earth  fill  or  excavation 12  cents  per  cu.  yd. 

Limiber  in  place  on  any  structure $40  per  1  000  ft.  b.  m. 

Rock  rip-rap 50  cents  per  superficial  yard. 

(6). — In  all  unusual  or  exceptional  cases,  which  are  not  covered  by 
the  preceding  paragraphs,  the  classification  will  be  made  by  officers  of 
the  Department,  under  the  direction  of  the  Minister  of  the  Interior,  in 
a  fair  and  reasonable  manner,  and  will  be  based  on  the  beneficial  use 
of  water. 

Much  attention  was  given  to  the  question  of  the  maximum  slope 
permissible  for  land  to  be  classified  as  irrigable,  but  this  was  not  in- 
cluded in  the  official  basis.  The  engineer  in  charge,  in  approving  the 
classification,  was  guided  by  the  rule  that  generally  a  maximum  slope 
of  10  ft.  in  100  ft.  was  permissible,  and  where  vei*y  small  areas  only 
were  concerned  a  maximum  slope  of  12  ft.  in  100  ft. 

As  indicated  under  the  heading,  "Determination  of  the  Basis  for 
Classification",  the  classification  was  based  on  a  cost  of  $8  per  acre, 
but  as  this  is  a  very  crucial  point,  many  details  are  given  in  order  to 
explain  just  what  the  figure  means. 

Under  the  conditions  of  its  land  sale  contract  and  water  agree- 
ment, the  Company  delivers  the  water  to  at  least  one  point  on  each 
parcel  of  land,  usually  of  160  acres,  and  the  cost  figure  was  applicable 
only  to  the  added  expenditure  necessary  for  the  farmer  to  distribute 
the  water  over  the  land.  The  figure  was  not  a  general  one  applied  to 
the  total  irrigable  area  in  each  parcel,  and  including  the  ordinary 
costs  of  leveling  and  smoothing  the  land,  but  was  the  concentrated  cost 
of  reaching  certain  areas  of  land  which,  being  cut  off  by  a  depression, 
required  embankment  or  flume  construction,  or,  being  in  a  depression, 
required  drainage. 

The  following  study,  which,  was  made  by  the  writer  in  examining 
the  cost  data  before  the  basis  of  classification  was  adopted,  will  make 
the  point  quite  clear. 
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Referring  to  Fig.  1,  the  area,  A-D-E,  can  be  easily  irrigated  with- 
out any  high  expenditures  for  Humes,  embankments,  etc.,  and  the  $8 
tigure  does  not  recognize  any  expenditure  necessary  for  this  area. 
The  area,  H-J-K-L,  is  separated  from  the  Held  outlet  by  a  wide  de- 
pression, and  it  required  a  costly  raised  ditch  and  flume  to  carry  water 
from  B  to  C.  The  basis  of  classification  means  that  if  the  cost  of 
the  raised  ditch  and  flume  from  B  to  C  is  less  than  a  concentrated  ex- 
penditure of  $8  per  acre  on  the  area,  II-J-K-L,  then  H-J-K-L  shall  be 
classed  as  irrigable.  Again,  the  $8  figure  does  not  recognize  the 
ordinary  costs  of  preparation  necessary  for  the  irrigation  of  H-J-K-L 
after  the  water  has  been  conducted  to  C.  Now,  in  truth,  it  would 
require  a  certain  expenditure  per  acre  in  smoothing  the  land,  building 
field  laterals,  distributaries,  etc.,  to  irrigate  A-D-E,  and  similarly  a 
certain  expenditure  per  acre  would  be  required  to  irrigate  H-J-K-L 
after  water  had  been  conducted  to  C. 

-Field  outlet  Elev.100.0 


Fig.   1. 

In  considering  how  much  may  be  profitably  spent  in  preparing  land 
for  irrigation,  it  is  usual  to  compute  it  at  so  much  per  acre  for  the 
whole  parcel  of  land,  this  figure  including  all  flumes,  embankments, 
ditches,  etc.,  and  also  the  smoothing  of  the  land  to  allow  of  proper 
irrigation. 

The  writer  will  now  endeavor  to  show  what  the  concentrated  cost  of 
$8  per  acre  means  for  different  cases,  and  for  the  average  case,  couched 
in  the  usual  terms,  as  explained  in  the  foregoing  paragraph. 
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If  it  is  assumed  that  the  average  piece  of  land  will  require  an  ex- 
penditure of  $4  per  acre  for  smoothing,  ditches,  etc.  (there  being  no 
clearing  of  any  kind  necessary  in  this  district),  and  if  this  is  com- 
bined with  the  concentrated  cost  of  $8  per  acre,  it  is  seen  immediately 
that  the  actual  total  cost  of  preparing  any  land  which  requires  the 
"concentrated"  expenditure  is  really  $8  plus  $4,  or  $12  per  acre.  It 
must  be  realized  that  in  every  parcel  of  land,  considered  as  a  unit, 
there  will  be  a  varying  proportion  which  can  be  prepared  for  irrigation 
with  an  expenditure  of  only  $4  per  acre,  and  of  other  land  which  will 
require  in  addition  to  this  the  "concentrated  cost"  expenditure  of  $8 
per  acre. 

TABLE  4. — Cost  per  Acre  for  Structures  and  Preparation 
or  Land  for  Irrigation. 
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$3  600 

$86.00 

100 
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$6.00 

Note. — Average  cost  per  acre  for  structure  and  preparation  of  land  for  irriga- 
tion, say,  $6. 

It  is  not  claimed  that  Table  4  is  absolutely  accurate  in  any  way, 
but  it  shows  that,  for  the  average  piece  of  land,  the  cost  distributed 
over  the  whole  irrigable  area  will  be  about  $6  per  acre,  and  that  for 
the  piece  where  50%  requires  the  concentrated  expenditure  (which 
must  be  considered  a  high  percentage)  the  cost  per  acre  in  a  similar 
way  will  only  be  about  $8. 

Since  the  classification  has  been  completed,  this  study  has  been 
checked  by  actual  results,  and  it  has  been  found  that  the  average 
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total  cost  per  irrigable  acre,  including  the  $4  charge  for  smoothing  and 
leveling,  has  been  $5.70. 

On  8%    of  the  farms  the  cost  was  less  than  $5. 

On  60%  " 

On  22%  " 

On  8i%  " 

On  1%  " 

On  4%  " 

Surveys  and  Plans  Required. — It  was  realized  that  the  basis  of  the 
very  complete  classification  anticipated  must  be  very  accurate  contour 
plans  showing  the  detailed  topography  of  all  the  area  to  be  classified. 
The  Canadian  Pacific  Railway  Company  was  required  to  fiirnish  the 
necessary  plans,  and  as  it  had  made  topographical  surveys  covering 
only  a  small  portion  of  the  total  area,  it  was  necessary  to  make  new 
surveys  of  the  remainder. 

The  specifications  for  these  plans  were  as  follows: 

1. — The  scale  of  the  plans  shall  be  400  ft.  to  1  in. 

2. — On  every  plan  shall  be  shown  5-ft.  contours  in  heavy  lines, 
and  wherever  the  slope  is  less  than  2  ft.  in  100  ft.,  1-ft.  contour  lines 
shall  be  shown  in  thin  lines. 

3. — All  "ring"  contours  in  hollows  or  on  summits  shall  be  located 
on  the  ground  by  at  least  four  points. 

4. — All  sloughs  or  other  areas  covered  by  water  shall  be  located  by 
at  least  four  points. 

5. — The  tracings  submitted  in  duplicate  to  the  Commissioner  of 
Irrigation  shall  be  made  from  the  original  plane-table  plans  made  in 
the  field. 

6. — The  location  and  elevation  of  every  field  outlet  shall  be  shown 
plainly  on  each  plan.  The  elevation  of  the  field  outlet  shall  be  a 
point  3  in.  below  the  crest  of  the  measuring  weir,  if  located  at  or 
within  the  farm  boundary;  where  this  measuring  weir  is  not  at  or  within 
the  farm  boundary,  the  elevation  of  the  field  outlet  shall  be  the  eleva- 
tion of  full  supply  level  in  the  lateral  supplying  such  outlet. 

7. — The  area  and  location  of  such  land  as  is  commanded  by  the 
ditches,  but  which  is  plainly  rendered  non-irrigable  owing  to  alkali  or 
any  other  cause,  shall  be  shown  on  the  plans. 


1842  CLASSIFICATION    OF    lERIGABLE    LANDS  [Papers. 

8. — No  contour  lines  need  be  shown  above  the  falling  contour  which 
passes  through  the  elevation  of  the  field  outlet  and  falls  from  it  at  the 
following  rates : 

(a)  Where  the  natural  slope  of  the  ground  is  less  than  0.10  ft.  in 
100  ft.,  at  a  rate  not  less  than  0.05  ft.  in  100  ft. ; 

(6)  Where  the  natural  slope  of  the  ground  is  greater  than  0.10  ft. 
in  100  ft.  at  a  rate  not  less  than  0.10  ft.  in  100  ft. ; 

(c)  Where  the  natural  slope  of  the  ground  is  at  or  near  the 
critical  slope  of  0.10  ft.  in  100  ft.  at  either  of  the  rates  men- 
tioned in  (a)  and  (h),  such  as  good  and  reasonable  practice 
demands. 

9. — Every  precaution  shall  be  taken  to  make  the  plans  as  accurate 
as  possible  within  the  limit  of  a  reasonable  expenditure  of  money. 
The  maximum  error  in  the  plans  area  delineated  by  the  critical  con- 
tours shall  not  exceed  2J%  in  any  quarter-section  of  land. 

10. — The  exact  location  of  any  of  the  Company's  distributaries  or 
secondary  canals  which  run  through  any  parcel  of  land,  shall  be  the 
outside  lines  which  determine  the  land  that  is  made  non-tillable  by 
the  ditch  construction  or  other  works. 

11. — All  distinct  drainage  lines  or  channels  shall  be  traced  on  the 
ground  and  showTi  on  the  plans. 

12.- — All  plans  submitted  should  be  to  a  standard,  over-all  size,  for 
the  purpose  of  filing,  and  should  not  exceed  18  by  18  in.  This  will 
permit  one  section  to  be  shown  on  each  plan  at  a  scale  of  400  ft.  to 
1  in.,  and  one  quarter-section  at  a  scale  of  200  ft.  to  1  in. 

13. — It  is  understood  that,  under  Secondary  Canal  C,  about 
00  000  acres  of  land  have  already  been  contoured  to  a  scale  of  1  000  ft. 
to  1  in.  For  this  particular  land.  Paragraph  5  of  these  specifications 
shall  be  inoperative. 

14. — It  is  understood  that,  under  Secondary  Canals  A,  B,  and  C, 
about  100  000  acres  of  land  have  already  been  surveyed  to  a  scale  of 
200  ft.  to  1  in.  These  surveys  do  not  show  contours,  but  show  a 
classification  of  land,  based  particularly  on  soil  conditions.  These 
plans  with  descriptive  notes  will  be  accepted  by  the  Commissioner  of 
Irrigation,  who  will  reserve  the  right  to  call  for  such  additional  in- 
formation on  any  particular  plan  as  he  may  require  for  the  purpose  of 
the  re-classification. 
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With  reference  to  Clause  13  of  the  Specifications,  this  meant  in 
practice  that  the  phuis  submitted  were  to  the  jreneral  scale  of  400  ft. 
to  1  in.,  but  were  enlarjied  from  the  original  field  plans  (at  1  000  ft.  to 
1  in.)  which  had  previously  been  prepared  by  the  Company. 

The  left  half  of  Plate  XII  shows  a  typical  plan  as  submitted  by  the 
Company,  and  Fig.  2  shows  a  typical  plan  as  submitted  under  the 
special  Clause  14  of  the  Specifications. 
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Fig.  2. 
The  Company  has  constructed  all  the  canals  and  ditches  which  de- 
liver the  water  to  the  field  outlet  for  each  parcel  of  land.  The  usual 
parcel  to  which  a  delivery  is  made  is  160  acres,  this  being  a  legal 
quarter-section,  the  parcel  usually  dealt  with  in  selling.  In 
making  the  classification  it  was  necessary  to  know  the  exact  parcel  of 
land  that  was  to  be  served  from  any  field  outlet. 
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In  the  case  of  land  already  sold  by  the  Company,  agreements  filed 
with  the  Department  showed  the  parcels  owned  and  included  under 
each  water  agreement,  and  in  these  cases  such  areas  were  considered  as 
one.  In  other  special  cases,  usually  concerning  fractional  areas,  the 
Company's  plans  submitted  showed  by  a  conventional  sign  the  special 
parcels  that  were  to  be  sold  together,  and  were  so  dealt  with  as  regards 
parceling  in  the  classification. 

The  cost  of  preparing  the  plans,  under  the  general  clauses  of  the 
Specifications,  was  23  cents  per  acre,  this  being  based  on  the  total  area, 
irrigable  and  non-irrigable,   covered  by  the  contour  plans. 

Procedure  of  Classification.— The  procedure  of  carrying  out  the 
classification  was  as  follows: 

l,_Submission  of  contour  plans  by  the  Company; 

2. Preliminary  ofiice  classification  of  plans; 

3._rield  classification  of  plans,  including  soil  analysis; 

4. — Final  ofl&ce  classification  of  plans; 

5.— Final  approval  of  plans  by  the  engineer  in  charge. 

Preliminary  Office  Classifi.cation.— The  Canadian  Pacific  Kailway 
Company  operates  at  Calgary  a  lithographic  print  process,  and,  in  ad- 
dition to  the  original  tracings,  supplies  an  extra  plan  on  paper. 

The  paper  copy  of  the  plan  was  then  classified  in  the  office  by  pro- 
jecting the  necessary  farmers'  ditches  from  each  farm  delivery  shown 
and  delineating  irrigable  and  non-irrigable  areas  in  accordance  with 
the  basis  of  classification  decided  upon. 

The  purpose  of  the  office  classification  was  to  delineate  the  irrigable 
and  non-irrigable  areas  which  were  dependent  on  topography,  that  is, 
cost  of  field  irrigating  ditches,  cost  of  drainage  ditches,  excessive 
slopes,  etc.  In  addition,  there  were  excluded  all  areas  reserved  by  the 
Comp'any  as  right  of  way  for  main  canals,  and  the  areas  rendered  non- 
tillable  by  the  smaller  company  laterals  which  ran  through  any  farm 
and  for  which  easement  had  been  reserved  in  the  land  contract  sale  to 

the  farmer. 

The  results  of  this  office  classification  were  scheduled  on  a  "Land 
Classification  Detail  Sheet",  Fig.  3,  this  sample  referring  to  the  right 
half  of  Plate  XII. 

The  cost  data  for  ditches,  embankments,  flumes,  etc.,  used  in  the 
office  classification  were  taken  from  the  standard  design  sheets  which 
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are  shown  as  Figs.  4,  5,  6,  and  7,  which  were  worked  up  for  office  use 
from  the  basis  of  classification  determined  upon. 

Field  Classification. — The  paper  copies  of  the  plans,  together  with 
the  land  classification  detail  sheet,  were  then  sent  out  to  the  field, 
where,  map  in  hand,  the  classification  was  carefully  examined  on  the 
ground  by  the  engineer  in  charge  of  the  work.  This  engineer  was  sup- 
plied with  a  motor  car  for  quickness  of  transport,  and  was  assisted 
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by  three  engineers,  each  accompanied  by  a  rodman  and  a  teamster 
with  a  democrat.  The  field  work  was  most  carefully  examined,  and, 
whenever  any  undesirable  areas  were  found,  such  as  alkali  conditions, 
land  not  fit  for  cultivation,  or  any  other  conditions  not  shown  by  the 
contour  plans,  these  areas  were  delineated  by  the  level-compass-stadia 
method,  and,  where  greater  detail  was  necessary,  by  the  plane-table. 
In  many  cases,  also,  of  critical  cost,  an  actual  profile  was  run  in  the 
field  for  irrigation  or  drainage  ditches,  embankments,  or  flumes. 
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One  of  the  most  difficult  features  was  the  determination  of  un- 
suitable soil  conditions  and  the  greatest  care  was  exercised  in  exclud- 
ing alkalied  lands  or  lauds  likely  to  be  alkalied  by  irrigation  where  the 
cost  limit  would  not  allow  of  efficient  drainage.  In  connection  with 
this  work  many  soil  samples  were  taken  with  the  soil  auger  or  post-hole 
digger,  in  order  to  determine  the  physical  structure  of  the  surface 
soil  and  the  subsoil,  or  the  presence  of  alkali  in  dangerous  quantity. 
The  quantity  of  alkali  was  determined  by  submitting  soil  samples  to 
complete  chemical  analysis. 

It  was  fully  realized  that  the  field  classification  was  the  most  critical 
operation  in  the  general  procedure,  and  that,  following  the  careful 
topographical  surveys  and  the  office  classification,  the  net  irrigable 
areas  capable  of  beneficial  irrigation  could  only  be  determined  by  a 
careful  inspection  in  the  field  by  an  experienced  man  who  had  a  full 
knowledge  of  practical  agriculture  under  irrigation. 

Final  Office  Classification. — The  paper  plans  and  classification 
sheets  which  had  been  used  in  the  field  were  returned  to  the  office  with 
copious  pencil  notes  and,  where  field  traverses  had  been  made  or  pro- 
files run,  these  were  plotted  on  separate  sheets  in  the  field  and  attached 
to  the  plans.  One  of  the  tracing  linen  plans  w^as  then  worked  up  in 
the  office,  and  included  all  the  corrections  to  the  office  classification 
made  in  the  field.  The  scheme  adopted  was  to  outline  on  the  tracing 
the  irrigable  areas,  the  non-irrigable  areas,  and  the  right  of  way  re- 
served by  the  Company.  By  the  use  of  different  colors,  in  accordance 
with  an  adopted  schedule,  the  reason  that  each  area  was  rendered  non- 
irrigable  was  shown.  Each  plan  showed  a  whole  section  of  land,  and 
at  the  bottom  there  was  filled  in  a  schedule  showing  for  each  quarter- 
section  the  total  irrigable  land,  the  total  non-irrigable  land,  and  the 
right  of  way  reserved  by  the  Company.  The  land  classification  detail 
sheets,  showing  the  smnmation  of  the  irrigable  and  non-irrigable  areas, 
were  also  corrected.  Each  separate  detail  was  referenced  to  the  finished 
plan  by  the  use  of  the  letters,  A,  B,  C,  etc.,  which  same  letters  were 
used  to  denote  the  segregated  areas  on  the  plan. 

The  right  half  of  Plate  XII  shows  the  final  classification  plan 
worked  up  from  the  plans  shown  on  the  left  half  of  that  plate  (dif- 
ferent conventional  edgings  being  used  instead  of  colors).  The  land 
classification  sheet  referring  to  the  plan  shown  on  the  right  half  of 
Plate  XII  is  also  shown. 
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With  the  special  phiiis  suhmitted  under  Chuise  14  of  the  Specifica- 
tions, the  result  obtained  was  practically  the  same,  but  the  procedure 
was  necessarily  somewhat  different.  These  plans  showed  the  result 
of  a  classification  in  the  field  by  the  Company's  officials,  who  had 
worked  under  instructions  which  were  practically  the  same  as  the 
basis  of  classification  adopted.  No  contour  lines  being  shown  on 
these  plans,  no  preliminary  office  classification  was  possible,  and  all 
the  checking  had  to  be  done  in  the  field,  which  necessitated  con- 
siderable more  work  in  determining  elevations  and  delineating  areas 
by  the  field  assistants.  The  final  classification  plan  was  prepared  in 
the  same  manner  as  described  above. 

Final  Approval  of  Plans  and  Classification. — The  final  approval 
was  made  by  the  engineer  in  charge  after  checking  the  plans  to  see 
that  the  field  notes  submitted  had  been  properly  interpreted  in  the 
office  in  making  up  the  final  copy.  The  cost  of  making  the  classifica- 
tion based  on  the  total  area  inspected  was  16.2  cents  per  acre,  of 
which  7  cents  is  chargeable  to  office  work.  Based  on  the  irrigable 
acreage  only,  the  cost"was  32.9  cents  per  acre  with  14.1  cents  chargeable 
to  office  work.  These  costs  included  making  duplicates  of  all  the 
classification  maps  for  special  purposes  of  record. 

Personnel. — The  work  was  carried  out  under  the  direct  charge  of 
G.  N.  Houston,  M.  Am.  Soc.  C.  E.,  and  Mr.  R.  C.  Spitzer  acted 
as  Office  Engineer. 
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THE  PRESERVATION  OF  SANDY  BEACHES 
IN  THE  VICINITY  OF  NEW  YORK  CITY 

Discussion.* 


Bv  A.  W.  BuEL,  M.  Am.  Soc.  C.  E. 


A.  W.  BuEL,f  M.  Am.  Soc.  C.  E. — In  his  discussion,  Mr.  Schwiers  Mr. 
has  referred  to  the  Case  system  of  groynes  which  has  been  used  with  ^*^^^- 
great  success  in  several  places  in  England,  on  both  the  south  and 
east  coasts.  These  groynes  are  very  low,  sometimes  only  a  few  inches 
above  the  beach,  and  never  more  than  18  in.  They  are  arranged  so 
that,  as  the  beach  is  built  up  by  catching  the  littoral  drift,  additional 
planks  can  be  put  in,  the  groynes  thus  being  raised  from  season  to 
season.  There  are  records  of  some  places  on  the  English  coast  where 
the  beach  has  been  built  up  as  much  as  8  ft.  in  a  few  seasons,  and 
extended  out  several  hundred  feet. 

Mr.  Case  almost  invariably  had  a  very  low  wall  at  the  top  of  his 
groynes,  that  is,  at  the  shore  line  above  high  water,  and,  generally, 
he  used  a  pavement  connecting  the  beach  or  the  groynes  with  the 
sea-wall  which  he  made  elliptical.  He  adopted  the  elliptical  curve 
as  that  most  nearly  agreeing  with  the  angle  of  repose  on  the  beach 
under  the  conditions  that  exist  in  those  parts  of  England. 

Mr.  Allanson-Winn  has  written  several  papers:}:  in  which  he  de- 
scribes the  results  obtained  with  Case  groynes,  and  suggests  an 
addition  or  improvement  to  the  system,  consisting  of  what  amounts 
to  extensions  of  the  groynes  to  a  connection  with  the  sea-wall  or 
bulkhead.  This  extension,  from  high-water  line  to  bulkhead,  is  curved 
in  plan.     On  all  the  beaches  along  the  New  Jersey  coast,  and  also 

*  Discussion  of  the  paper  by  Elliott  J.  Dent,  M.  Am.  Soc.  C.  E.,  continued  from 
August,  1916,  Proceedings. 
t  New  York  City, 
t  Minutes  of  Proceedings,  Inst.  C.  E. 
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Mr.  on  Long  Island,  the  jetties  or  groynes  are  what  would  be  described 
as  high  groynes,  when  compared  with  the  Case  system.  They  are  far 
more  substantial  and  expensive  structures  than  those  described  by 
Mr.  Case  and  Mr.  Allanson-Winn  and,  for  this  reason,  are  probably 
less  efficient.  The  very  low  Case  groyne  builds  up  a  smoother,  more 
uniform  beach  than  the  jetties  used  on  the  Jersey  and  Long  Island 
shores. 

The  Case  groynes  were  built  in  England  at  a  cost  of  about  10 
shillings  per  lin.  ft.,  and  Mr.  Allanson-Wimi's  curved  extension,  con- 
necting the  groynes  with  the  bidkhead  wall,  does  not  cost  more  than 
£1  per  lin.  ft. 
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THE  PROPERTIES  OP  BALSA  WOOD 

{Ochroma  Lagopus) 

Discussion.* 


By  Leonard  M.  Cox,  M.  Am.  Soc.  C.  E. 


Leonard  M.  Cox,f  M.  Am.  Soc.  C.  E. — Although  he  can  add  nothing  Mr. 
of  professional  value  to  the  discussion  of  this  excellent  paper,  the 
speaker  feels  a  curious  interest  in  the  insulating  properties  of  balsa 
wood.  Some  15  years  ago,  it  was  his  fortune  to  serve  as  Chief  of 
Public  Works  at  the  Island  of  Guam,  and  among  a  number  of  more 
or  less  serious  problems  which  confronted  the  pioneers  of  that  day, 
was  one  which  was  never  solved  in  an  entirely  satisfactory  manner 
with  the  materials  available.  The  cold  storage  room  of  the  miniature 
ice  plant  served  fairly  well  for  caribou  and  American  beef,  but  invari- 
ably caused  the  loss  of  fully  half  the  mutton  and  poultry  begged  from 
the  army  transports  on  their  monthly  visits.  From  a  first  reading 
of  the  paper,  it  seemed  at  least  possible  that  a  very  common  Guam 
tree  was  akin  to,  if  not  identical  with,  the  balsa  tree,  and  that  the 
remedy  for  our  cold  storage  troubles  had  been  near  at  hand  though 
unrecognized.  Personal  notes  consulted  since  the  presentation  of 
the  paper  before  the  Society  establish  the  fact  that  the  Guam  tree, 
known  locally  as  pago  {Hibiscus  tiliaceus),  bears  slight  resemblance 
to  the  balsa  tree,  except  as  regards  its  comparative  lightness  and 
structure,  as  indicated  by  cut  surfaces.  Its  weight  per  cubic  foot  is 
24  lb. ;  it  has  considerable  bending  strength ;  is  of  about  the  color  of 
Flemish  oak;  and  rarely  grows  to  a  size  exceeding  6  in.  in  diameter. 

The  reference  in  the  paper  to  the  Marr  wood-preserving  process  also 
interests  the  speaker  for  the  reason  that  w^hile  he  was  on  duty  at 
the   Norfolk   Navy  Yard  in   April,   1914,   a   ntimber   of   experimental 

*  Discussion  of  the  paper  by  R.  C.  Carpenter,  M.  Am.  Soc.  C.  E.,  continued  from 
August,  1916,  Proceedings. 
t  Brooklyn,  N.  Y. 
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Mr.  timbers,  running  from  8  by  8  in.  to  10  by  10  in.,  were  impregnated 
^^'  with  the  Marr  paraffin,  in  which  there  was  incorporated  finely  divided 
silica.  These  pieces  were  suspended  half  in  water  and  half  in  air, 
beneath  one  of  the  Yard  wharves.  At  the  same  time  six  pieces, 
4  by  6  in.  and  4  by  4  in.,  were  impregnated  with  the  paraffin  mthout 
silica,  and  buried  to  half  their  lengths  in  the  groimd.  These  test  pieces 
were  examined  on  July  15th,  1915,  and  found  to  be  in  excellent  con- 
dition. They  have  also  been  examined  during  the  latter  part  of  June, 
1916,  and  show  no  evidences  of  deterioration.  The  specimens  which 
had  been  placed  in  water  had  a  small  quantity  of  shells  and  vegetable 
growth  attached  to  their  surfaces,  all  of  which  promptly  fell  off  when 
the  timbers  were  struck.  On  cutting  into  the  wood,  it  was  found 
that  the  interior  was  perfectly  bright,  and  exhibited  the  distinctive 
red  color  of  the  process.  The  pieces  in  the  ground  show  no  signs  of 
rot  or  age.  Of  course,  tests  on  such  a  small  scale  cannot  be  considered 
determinative,  and  it  is  hoped  that  other  engineers  will  give  the  Pro- 
fession the  benefit  of  any  experience  they  may  have  had  with  this 
process. 
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CONTROL  OF  THE  COLORADO  RIVER 

AS  RELATED  TO  THE  PROTECTION 

OF  IMPERIAL  VALLEY 

Discussion.* 


By  Messrs.  A.  L.  Sonderegger  and  J.  A.  Ockerson. 


A.  L.  Sonderegger,!  M.  Am.  Soc.  C.  E.  (by  letter) 4 — There  are  Mr. 
three  engineering  problems  which  to-day  confront  the  Imperial  Valley  °  gel^!^^^ 
Irrigation  District  and  are  more  or  less  related  to  each  other:  First, 
the  protection  from  overflow  of  the  Colorado  River;  second,  the  silt 
problem;  third,  the  problem  of  diverting  the  low- water  flow  of  the 
river  during  the  latter  part  of  the  summer,  when  the  greater  portion, 
or  all,  of  the  flow  of  the  Colorado  River  is  required  for  irrigation 
in  the  valley. 

Mr.  Allison  presents  a  simple  and  practicable  solution  of  the  flrst 
problem.  The  efficiency  of  the  proposed  system  of  defense  can  hardly 
be  questioned,  as  it  has  already  had  its  practical  test,  at  least  in 
part.     The  plan  includes  three  main  lines  of  defense. 

First  line:  The  diversion  of  the  Colorado  River  into  its  old 
channel  along  the  Arizona  and  Sonora  Mesa ;  the  closure  of  the  breach 
of  the  Ockerson  levee  at  the  head  of  the  Bee  River,  together  with 
the  restoration  of  the  Ockerson  levee,  or  a  new  levee  similarly  situated. 

Second  line :  The  westerly  portion  of  the  C.  D.  levee  and  its  pro- 
longation, called  the  Paredones  or  Holabird  levee,  and  to  the  west 
thereof  the  Volcano  Lake  levee. 

*  This  discussion  (of  the  paper  by  J.  C.  Allison,  Assoc.  M.  Am.  Soc.  C.  E.,  pub- 
lished in  May,  1916,  Proceedinga ,  and  presented  at  the  meeting  of  September  6th, 
1916),  is  printed  in  Proceedings,  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  Los  Angeles,  Cal. 

J  Received  by  the  Secretary,  August  30th,  1916. 
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Mr.  Third  line :   The  embankment  of  the  Inter-California  Railroad  as 

^  ger"^^^  far  west  as  the  Alamo-Mocho  Canal,  and  a  new  proposed  levee  along 
this  canal  and  westerly  thereof  to  the  West  Side  Main  Canal  just 
south  of  Calexieo. 

Of  the  first  line  of  defense,  the  upper  part  of  the  old  C.  D.  levee, 
from  Hanlon  Heading  to  its  junction  with  the  Ockerson  levee,  has 
withstood  successfully  the  undermining  of  the  river,  wherever  rip- 
rapped  with  rock.  The  break  in  the  levee  at  "House  7",  which  occurred 
in  1914,  was  due  to  lack  of  maintenance.  Nevertheless,  this  first 
section  of  levee  forms  the  weakest  portion  of  the  whole  system  of 
defense. 

Mr.  Allison  has  referred  to  the  undermining  of  the  foundations 
of  the  old  concrete  piers  built  on  the  granite  ledge  at  the  Hanlon 
head-gate.  The  writer  is  quite  familiar  with  these  foundations,  as 
the  new  Stoney  gate  was  put  in,  during  the  winter  of  1913-14,  under 
his  direction  as  Consulting  Engineer  for  Mr.  W.  H.  Holabird  as 
Receiver.  It  developed  that  the  granite  ledge  was  a  shattered  mass 
of  soft  rock  with  many  seams  of  disintegrated  granite  and  strata 
resembling  talcum,  sometimes  several  feet  in  thickness.  There  was 
no  need  of  any  blasting,  all  excavation  being  made  with  pick  and 
shovel.  The  foundations  imcovered  under  the  old  piers  within  the 
temporary  coffer-dam  were  badly  undermined.  In  one  instance  there 
was  a  cavity  under  the  down-stream  side  of  a  pier  large  enough  to 
accommodate  an  oflBce  desk.  The  8-in.  concrete  floor-slab  was  broken 
off  and  eroded  in  many  places.  Soundings  along  the  remaining  piers 
showed  that  they  also  were  badly  undermined,  although  calculations 
regarding  their  stability  revealed  a  small  margin  of  safety.  Lack 
of  funds  prevented  the  Receiver  from  repairing  the  foundations  of 
these  piers,  and  they  still  constitute  a  danger  which  should  be  elimi- 
nated. A  granite  quarry  is  within  1  000  ft.  of  the  heading,  and,  in 
case  of  a  break,  rock  could  be  dumped  without  delay. 

From  the  heading  down  to  the  junction  of  the  Ockerson  levee 
there  is  only  a  single  line  of  defense.  This  section  of  the  levee  has 
already  been  revetted  for  some  distance.  If  the  levee  is  watched,  no 
danger  need  develop,  as  it  carries  a  standard  track,  and  rock  can  be 
dumped  at  short  notice  wherever  the  current  approaches  the  levee. 
Some  of  the  revetments  were  lost  in  January,  1916,  owing  to  absence 
of  maintenance. 

Regarding  the  location  of  the  Ockerson  levee,  the  writer  agrees 
that,  as  far  as  river  control  is  concerned,  it  is  of  vital  importance  to 
concentrate  the  flow  of  the  river,  and  to  prevent  meandering  between 
levees. 

As  regards  the  proposed  method  of  closure  of  the  Bee  River  by 
a  temporary  diversion  of  the  Colorado  River  at  Hanlon  Heading  during 
the  low-water  stage,  two  facts  seem  to  stand  out  very  clearly:  first. 
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tliat  the  construction  of  a  hydraulic-fill  dam  can  be  accomplished  sue-       Mr. 
cessf  ally  :  and  second,  that  it  can  be  done  at  very  low  expense.  "ge^"^^*^" 

The  difficult  part  of  this  work — the  closure  of  the  last  gap  in  the 
dam — was  eifected  successfully,  not  only  once,  but  several  times, 
when  it  became  necessary  to  cut  the  dam  for  the  passage  of  temporary 
floods ;  therefore,  there  can  be  no  doubt  as  to  the  success  of  any  future 
operation  of  this  kind.  Both  the  method  and  the  low  cost  bear  witness 
to  the  ingenuity  and  resourcefulness  of  the  directing  engineer. 

Considerable  dredging  will  be  necessary  in  the  old  channel  below 
the  Bee  River  Heading  before  the  river  can  be  diverted  permanently. 
It  is  probable  that  the  work  will  extend  over  a  period  of  2  or  3  years 
before  a  channel  can  be  secured  capable  of  accommodating  the  winter 
flow  and  occasional  freshets  as  they  occur;  but,  unless  there  are 
high  waters  of  an  extreme  nature,  and  out  of  season,  the' writer  believes 
that  the  diversion  can  be  effected  without  any  great  risk. 

The  second  line  of  defense — the  C.  D.  levee,  together  with  the 
Holabird  and  Volcano  Lake  levees — had  proved  its  efficiency  for  several 
years,  until  in  1914,  in  the  absence  of  maintenance,  a  break  occurred. 
The  difficulties  encountered  in  the  attempt  to  close  the  breach  indicated 
clearly  the  necessity  of  establishing  permanent  connection  by  rail 
to  the  Hanlon  Quarry.  This  was  done  in  1916.  This  Volcano  Lake 
levee  to-day  presents  the  only  protection  for  the  valley.  It  is  partly 
revetted  with  rock. 

The  third  line  of  defense,  especially  the  proposed  levee  along  the 
Alamo-Mocho  Canal,  and  westward  therefrom,  also  had  a  partial  test 
during  the  break  in  the  Volcano  Lake  levee  of  1914.  At  that  time 
the  bank  of  the  Alamo-Mocho  Canal  intercepted  the  floods  issuing 
from  Volcano  Lake,  causing  them  to  spread  out  in  a  thin  sheet  over 
the  country  to  the  south  and  west  thereof.  This  canal  crosses  the 
New  River  channel  on  a  solid  embankment,  and  although  it  ends  about 
5  miles  to  the  west  thereof,  it  effectively  prevented  a  concentration 
of  flood  waters  for  several  days.  The  water  finally  found  its  way  around 
the  end  of  the  canal  bank  into  New  River.  The  levee  proposed  by 
Mr.  Allison  would  perfect  the  existing  system  of  protection. 

During  the  summer  of  1916  a  new  canal  was  built  from  the  west 
end  of  Volcano  Lake  levee,  in  a  northerly  and  northwesterly  direction, 
to  the  intersection  of  the  Wistaria  Canal  with  the  West  Side  Main 
Canal.  This  point  is  about  3i  miles  south  of  Calexico.  This  canal 
forms  the  first  side  of  a  triangle,  of  which  the  Volcano  Lake  levee 
and  its  extension  to  the  Inter-California  Railroad  forms  the  second 
side,  and  the  railroad  levee  and  the  Alamo-Mocho  Canal,  with  its 
proposed  westerly  prolongation,  the  third  side.  The  area  over  which 
a  flood  from  Volcano  Lake  might  be  spread  has  been  reduced  by 
the  construction  of  this  new  canal,  and  a  deflection  of  flood  waters 
to  the  west  is   made   impossible,   unless  the  new  canal   is  cut.     The 
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lowest  point  of  the  triangle  is  at  Wistaria  Heading.  The  levee  pro- 
posed by  Mr.  Allison,  and  running  from  the  Alamo-Mocho  Canal 
westward,  is  still  a  necessity,  in  order  to  close  the  third  side  of  this 
triangle  and  thereby  make  the  third  line  of  defense  fully  effective. 

The  question  naturally  arises  as  to  the  effect,  on  the  grade 
of  the  river,  of  the  proposed  diversion  of  the  Colorado  into  its  old 
channel :  Eventually,  it  would  affect  both  the  levee  protection  work 
of  the  Yuma  Project  and  the  diversion  into  the  Alamo  Canal  of  the 
low-water  flow  of  the  river. 

From  the  reports  of  Col.  Ockerson  and  Mr.  Randolph  it  must  be 
inferred  that  in  1911  the  slope  from  the  head  of  the  Bee  River  to 
Volcano  Lake  was  about  2.2  ft.  per  mile,  while  along  the  old  channel 
of  the  river  it  was  1.08  ft.  per  mile.  Since  1911  enormous  deposits 
of  silt  have  been  carried  into  the  depression  of  Volcano  Lake,  so 
that  the  grade  to  the  lake  has  probably  decreased.  However,  there 
must  still  be  a  preponderance  of  grade  in  that  direction. 

It  is  a  fact  that  the  diversion  into  the  lake  did  cause  a  recession  of 
grade  extending  at  least  as  far  up  as  Yuma,  and  this  fact  has  undoubt- 
edly contributed  to  the  difficulty  of  diverting  the  low-water  flow  into 
the  Alamo  Canal.  The  trouble  has  become  very  acute,  not  only  in 
the  case  of  extreme  low  waters,  as  in  1915  when  the  river  fell  to  a 
discharge  of  3  000  sec-ft.,  but  also  with  moderate  volumes,  as  in  1916, 
when  a  water  shortage  occurred  in  the  valley,  with  a  low-water  average 
of  25  000  sec-ft. 

It  is  to  be  expected  that  the  restoration  of  the  old  channel  will 
cause  a  raising  of  the  river  bed,  especially  at  low-water  stages.  On 
the  other  hand,  the  confining  of  the  flow  between  the  Arizona  Mesa 
and  the  levee  on  the  west  side  may  cause  a  concentration  of  flow  at 
high-water  stages,  and,  simultaneously  therewith,  a  scouring. 

Since  low  waters  occur  during  August,  the  question  of  securing  a 
sufficient  supply  for  the  valley  is  second  in  importance  only  to  the 
question  of  defense.  It  is,  furthermore,  intimately  related  to  the 
silt  problem,  and  the  two  questions  will  be  discussed  together. 

While  in  the  employ  of  the  Receiver  of  the  California  Development 
Company,  the  writer,  in  conjunction  with  Mr.  Allison,  made  extensive 
studies  regarding  the  phenomena  which  affect  the  diversion  of  the 
river  at  Hanlon  Heading. 

It  should  be  remembered  that  the  granite  ledge  which  carries 
Hanlon  Heading,  is  not  on  the  banks  of  the  river,  but  approximately 
2  000  ft.  below  them.  The  sills  of  the  old  gates  are  at  an  elevation 
of  98  ft.,  and  of  the  new  Stoney  gate,  at  93;  and  the  low-water  stage 
of  the  river,  of  late  years,  has  never  fallen  below  an  elevation  of  104.3  ft. 
Theoretically,  there  has  been  sufficient  fall  to  effect  a  diversion,  espe- 
cially since  the  erection  of  the  Stoney  gate  in  1914.  At  the  intake 
of  the  canal,  water  is  diverted  at  an  angle  of  90°,  which  naturally 
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causes  a  decrease  in  velocity  from  that  along  the  axis  of  the  river.       Mr. 
The  result  is  the  formation  of  a  bar  at  the  intake.  ""ge^!^^^ 

During  high  waters  this  first  section  of  2  000  ft.  of  canal  above 
the  gate  operates  as  a  settling  basin.  It  is  about  100  ft.  wide,  and 
varies  in  depth  from  3  to  15  ft.  With  a  rising  river,  the  bottom  of 
the  canal  rises  practically  at  the  same  time  as  the  water  level  of  the 
river,  causing  a  silting  up  of  the  canal  to  a  depth  of  10  ft.  or  more. 
Apparently,  the  cross-section  of  the  canal  and  the  velocity  of  the  water 
are  regulated  automatically,  corresponding  to  the  volume  diverted 
and  the  quantity  of  silt  carried  by  the  river.  The  swift  currents  carry 
heavy  silt,  shingle,  and  driftwood,  large  quantities  of  which  are  diverted 
into  the  canal,  having  a  tendency  to  pile  up  in  front  of  the  head-gate. 
Desirable  as  it  might  be  to  prevent  the  admission  of  these  silt-laden 
waters,  yet  the  present  position  of  the  head-gate  makes  it  necessary 
to  keep  its  sill  clear,  so  as  to  prevent  the  formation  of  mud  banks  and 
log  jams  immediately  above  the  sill.  Once  such  a  bank  is  formed, 
it  cannot  be  flushed  out,  and,  with  a  sudden  drop  in  the  river,  the 
heading  might  be  left  high  and  dry.  The  practice  adopted  by  English 
engineers  with  Indian  canals — providing  gates  with  two  or  three  leaves, 
which  enable  them,  during  high  water,  to  skim  the  water  off  the  top — 
cannot  be  adopted  for  the  Alamo  heading  with  the  head-gate  in  its 
present  location. 

Immediately  below  the  heading  the  canal  enlarges  to  a  bowl  shape 
with  a  width  of  about  200  ft.  Here  the  waters,  rushing  through  the 
gate,  are  stilled,  and  drop  their  heaviest  detritus,  the  effect  being  that 
a  bar  is  formed  a  few  hundred  feet  below  the  heading.  The  width 
of  this  bar  varies  from  1  000  to  2  000  ft.  During  the  high  water  of 
1914,  this  bar  reached  an  elevation  of  from  102  to  103  ft. 

High  waters  generally  occur  in  June  and  July,  after  which  the 
river  drops  suddenly.  Experience  has  shown  that,  if  the  sill  is  kept 
clear,  the  section  of  the  canal  above  the  gate  is  scoured  practically 
simultaneously  with  the  drop  of  the  water  level  of  the  river,  leaving, 
however,  a  bar  at  the  entrance.  To  dispose  of  this  the  10-in.  suction 
dredge  El  Centra  is  used,  and  no  difficulty  has  been  experienced  in 
keeping  the  channel  open. 

Below  the  gate,  however,  the  bar  is  not  scoured  out  by  a  falling  river ; 
in  such  a  case,  the  grade  of  the  intake  canal  is  governed  by  the  water 
surface  in  the  river,  and  the  elevation  of  this  bar  is  independent  of 
the  elevation  of  the  sills  of  the  gate.  In  fact,  the  maximum  elevation 
of  the  bar  has  been  from  4  to  5  ft.  higher  than  the  sills  of  the  old 
miter  gates,  and  from  9  to  10  ft.  higher  than  the  sills  of  the  Stoney 
gate.  The  only  means  of  eliminating  this  bar  has  been  the  operation 
of  the  15-in.  suction-dredge  Imperial.  In  1914  the  bar  was  reduced 
to  an  elevation  of  99  ft.,  sufficient  to  divert  the  necessary  low-water 
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Mr,       flow;  but  in  1915  and  1916  it  has  required  the  raising  of  the  water 
°°ge1'^^^  level  in  the  river  by  temporary  dams. 

The  situation,  therefore,  is  as  follows :  During  high  waters  large 
quantities  of  heavy  silt  and  shingle  enter  the  canal,  forming  a  bar 
below  the  head-gate,  the  elevation  of  which  depends  mainly  on  the 
high-water  conditions  of  the  river.  With  a  drop  in  the  river,  its 
velocities  decrease,  and  the  volume  of  silt  carried  is  reduced  corre- 
spondingly. The  canal  then  begins  to  scour  in  the  section  above  the 
gate,  lowering  the  bottom  automatically.  If  the  drop  in  the  river  is 
not  too  sudden,  this  scouring  keeps  pace  with  the  lowering  of  the 
water  surface,  however,  leaving  a  bar  at  the  intake;  but,  below  the 
gate,  apparently  no  scouring  action  occurs,  and  it  requires  the  operation 
of  a  dredge  to  reduce  the  lower  bar,  or  the  construction  of  a  dam  to 
raise  the  water  level  in  the  river. 

In  view  of  these  facts,  the  immediate  effect  of  the  restoration  of 
the  old  channel  of  the  river  on  the  elevation  of  the  low-water  level 
at  Hanlon,  and  the  problem  of  diverting  the  low-water  flow,  cannot 
be  predicted  with  certainty.  Undoubtedly,  in  time,  it  would  be  bene- 
ficial; but  how  soon  the  effect  would  be  noticeable,  and  whether  it 
would  be  sufficient  to  eliminate  the  present  difficulty  completely,  are 
still  open  questions.  In  solving  the  problem,  the  most  important 
feature  is  to  prevent  the  heavy  silt,  which  rolls  along  the  river  bottom, 
from  entering  the  canal;  especially  at  high-water  stages,  only  the  sur- 
face waters  of  the  river  should  be  admitted. 

This  can  be  accomplished  by  constructing  head-works  along  the 
banks  of  the  river  at  a  point  where  the  current  will  strike  the  gate 
permanently  and  keep  the  sill  clear. 

It  is  generally  admitted  that  the  construction  of  a  permanent  dam 
near  Hanlon  Heading  is  excluded,  for  many  obvious  reasons.  The 
writer  agrees  with  Mr.  Allison  that  it  is  not  advisable  to  construct 
a  new  heading  on  the  banks  of  the  river  on  an  alluvial  silt  foundation, 
even  if  provided  with  a  rock-fill  foundation  and  extensive  rock-fill 
aprons.  This  would  probably  be  the  method  of  construction  to  be 
adopted  if  a  gate  were  placed,  as  has  been  suggested,  at  the  site  of 
the  well-known  break  of  1906  which  was  closed  by  a  rock-fill  embank- 
ment. It  is  difficult,  if  not  impossible,  to  estimate  the  extent  of  the 
boring  action  which  will  take  place  in  front  of  a  gate  during  an 
extreme  high  water.  Undoubtedly,  the  action  is  quite  different  from 
that  occurring  along  a  revetted  bank.  Provision  would  have  to  be  made 
for  the  maintenance  of  the  rock  fill,  by  a  system  of  tracks  commanding 
the  entire  up-stream  apron  and  its  wings.  In  order  to  avoid  excessive 
vibration  and  a  slow  wreckage  from  such  forces,  an  extremely  massive 
concrete  floor  under  the  gate  proper  would  have  to  be  provided.  At 
least,  a  gate  in  such  a  location  would  require  unceasing  vigil,  and 
present  a  constant  menace  to  the  valley. 
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However,   a   location   which    is   worthy   of   investigation   exists   on       Mr. 
the  west  hank  ahout  li  miles  ahovc  Hanlon  Heading,  and  the  writer  "^   ger. 
is  informed  that  this  locality  is  now  under  consideration  by  the  Im- 
perial Irrigation  District. 

The  bank  at  that  point  is  on  the  convex  side  of  the  river,  and  is 
swept  by  the  main  current  during  the  greater  part  of  the  year.  It 
consists  of  a  ledge  of  conglomerate  which  apparently  presents  some 
resistance  to  the  boring  aaid  scouring  action  of  the  river.  It  will 
require  careful  soundings  and  investigation  before  its  suitability  can 
be  determined  definitely. 

If  the  result  should  be  found  to  be  satisfactory,  a  heading  can 
be  constructed  in  a  manner  that  will  prevent  heavy  silt  from  entering 
the  canal.  The  writer  believes  that  even  in  the  absence  of  special 
settling  basins,  the  quantity  of  silt  admitted  to  the  canal  can  be 
reduced  materially,  and  that  this  would  produce  the  effect  of  scouring 
in  the  Alamo  Canal.  The  present  grade  of  this  canal  is  practically 
stationary,  and  is  the  result  of  the  discharge  of  waters  carrying 
extremely  high  percentages  of  silt  and  sand.  If  operated  under  the 
same  grade,  but  with  comparatively  clear  water,  a  scouring  action  is 
sure  to  occur.  It  is  a  phenomenon  often  observed  in  the  canals  in 
Imperial  Yalley. 

Probably,  as  far  as  the  average  low-water  discharge  is  concerned, 
there  would  be  no  difficulty  in  diverting  the  quantity  necessary  for 
irrigation;  for  extreme  low  waters,  as  they  have  occurred  in  1912, 
1913,  1914,  and  1915,  when  at  times  practically  the  entire  flow  was 
diverted,  there  would  still  be  the  necessity  for  the  construction  of 
temporary  dams — whether  they  are  hydraulic-fill  or  rock-fill.  It  should 
be  remembered  that  increasing  quantities  of  water  will  be  diverted 
for  the  Yuma  Project  as  all  its  lands  are  brought  under  cultivation. 
Similarly,  there  is  still  a  constant  increase  in  the  acreage  in  Imperial 
Valley,  so  that  within  a  few  years  the  entire  low-water  flow  of  the  river 
will  be  required.  This  is  exemplified  in  the  report*  by  E.  C.  LaRue, 
Assoc.  M.  Am.  Soc.  C.  E. 

It  may  be  stated,  therefore,  that  the  reconstruction  of  the  heading 
on  the  banks  of  the  river,  1^  miles  above  Hanlon,  even  if  found 
practicable,  will  present  but  a  partial  solution  of  the  problem  of 
diverting  the  low-water  flow,  and,  likewise,  only  a  partial  solution  as 
regards  the  elimination  of  silt,  provided  the  river  maintains  its  present 
channel.  The  successful  removal  of  all  silt  by  settling  basins — in  the 
opinion  of  the  writer — depends  entirely  on  the  operation  of  the  pro- 
posed new  heading. 

Another  plan  for  securing  a  sufficient  supply  of  clear  water  for 
Imperial  Valley  is  the  proposed  construction  of  a  canal  from  Hanlon 
Heading  to  Laguna  Dam.     There  will  be  no  engineering  difficulties 

*  Water-Supply  Paper  No.  395. 
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Mr.  in  the  construction  of  the  connecting  canal.  The  proposed  route 
°°ge^r^^*^  crosses  several  large  washes  Avhich,  at  long  intervals,  are  subject  to 
sudden  floods  resulting  from  cloudbursts.  However,  there  is  sufficient 
grade  available,  so  that  short  portions  of  the  canal  can  be  constructed 
as  underground  conduits  with  heavy  grades  and  correspondingly 
reduced  cross-sections,  thus,  the  cost  of  construction  is  not  likely 
to  be  excessive. 

There  is  one  feature  of  this  plan  which  will  require  careful  con- 
sideration, namely,  the  necessity  of  the  continuous  operation  of  the 
Imperial  Canals.  The  Laguna  Project  at  present  diverts  probably 
not  in  excess  of  750  sec-ft.  during  the  summer.  In  order  to  have  the 
benefit  of  the  settling  basin  above  the  dam,  it  is  necessary  to  flush 
the  settling  pond  immediately  above  the  intake  one  day  per  week,  so 
that  the  canals  are  operated  6  days  out  of  the  7.  The  distance  from 
Laguna  Dam  to  Yuma  is  about  12  miles. 

It  is  doubtful  whether  this  mode  of  operation  could  be  applied 
to  the  Imperial  system.  The  summer  diversions  would  be  increased 
from  750  to  about  6  000  sec-ft.,  and,  during  the  low  stages  of  the 
river,  every  drop  would  be  diverted.  The  distance  from  Laguna  Dam 
to  Imperial  Valley  is  about  75  miles,  and,  in  view  of  this,  it  is 
doubtful  whether  intermittent  operation  would  be  successful.  In 
other  words,  though  the  connection  with  the  Laguna  Dam  would 
undoubtedly  secure  a  permanent  supply,  it  would  not  solve  the  silt 
problem  completely. 

Whatever  solution  will  finally  be  chosen,  it  will  necessitate  the 
expenditure  of  large  sums  of  money,  and  on  the  success  of  the 
undertaking  will  depend  the  future  of  Imperial  Valley.  No  decision 
should  be  made,  therefore,  except  after  full  and  mature  consideration 
of  all  questions  involved. 
Mr.  J.  A.  OcKERSON,*  Past-President,  Am.  Soc.  C.  E.  (by  letter). t — In 

Ockerson.  ^^^.^  paper,  Mr.  Allison  presents  some  very  interesting  and  novel  fea- 
tures. His  long  experience  in  connection  with  the  irrigation  of 
Imperial  Valley  gives  exceptional  weight  to  his  views  as  to  the  proper 
solution  of  the  vexing  problems  involved. 

Complicated  by  International  Boundary  Line.- — A  comprehensive 
plan  for  the  reclamation  of  the  Colorado  River  delta  is  complicated 
by  the  presence  of  the  International  Boundary  Line  between  the  United 
States  and  Mexico. 

If  that  was  eliminated,  the  restoration  of  the  river  to  its  former 
bed  and  the  limitation  of  its  floods  thereto  by  suitable  levees  or 
embankments,  together  with  such  revetment  as  might  be  necessary  to 
check  and  prevent  excessive  bank  erosion,  would  solve  the  problem  of 
regulation  definitely,  so  far  as  the  river  itself  is  concerned.     "Interior 

*  St.   Louis,   Mo. 

t  Received   by  the   Secretary,   September   1st,    1916. 
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liues  of  defense",  which,  at  best,  are  temporary  makeshifts,  would  then       Mr. 
be  unnecessary.  Ockerson. 

The  water  of  the  river,  however,  is  necessary  to  supply  moist  are 
to  about  500  000  acres  in  Imperial  Valley,  California,  and  about  double 
that  area  on  the  ]\lexican  side  of  the  line.  This  is  more  than  double 
the  total  area  of  land  reclaimed  by  the  United  States  Reclamation 
Service,  and  Imperial  Valley  alone  has  a  cultivated  area  measuring 
more  than  two-thirds  of  the  total  of  all  the  Reclamation  projects. 
This  gives  a  fair  measure  of  the  importance  of  the  projects  under 
discussion. 

It  is  the  diversion,  control,  and  distribution  of  this  water  in 
Imperial  Valley  which  has  largely  claimed  Mr.  Allison's  attention  for 
several  years,  the  development  of  the  Mexican  side  being  compara- 
tively small. 

The  New  River  Gorge. — The  development  of  the  New  River  gorge 
is  commonly  attributed  to  the  break  of  1905,  when  the  Colorado  River 
left  its  channel  and  emptied  its  waters  into  Salton  Sea.  An  investi- 
gation of  the  earliest  records  left  by  the  stream  itself  in  its  wander- 
ings shows  plainly  that  this  diversion  to  the  Salton  Sea  had  occurred 
many  times  in  the  distant  past. 

Early  Mexican  maps,  dating  back  to  a  time  before  any  attempt  had 
been  made  to  divert  and  control  the  waters,  show  the  New  River  gorge 
to  have  been  developed  to  a  considerable  extent  even  then.  The  rapid 
enlargement  of  the  gorge  during  1905-06  was  most  impressive  as  an 
example  of  excavation  on  a  gigantic  scale,  such  as  would  make  the 
Panama  Canal  work  seem  insignificant,  and  has  rarely  been  equalled 
elsewhere  in  nature.* 

Break  in  the  Levee  at  "House  7". — -The  author  speaks  of  the  breach 
in  the  levee  at  "House  7",  and  suggests  that  the  use  of  "jetties"  to 
deflect  the  current  away  from  the  bank  would  have  prevented  the 
damage  until  rock  revetment  could  have  been  applied.  He  also  states 
that  there  was  ''no  danger  of  destructive  flooding,  as  the  river  did  not 
overflow  the  banks".  If  the  records  of  the  Reclamation  Service  are 
correct,  the  river  banks  at  the  point  named  have  never  been  overflowed 
by  the  highest  known  floods,  and  why  "the  simple  expedient  of  building 
a  levee  aroiind  the  break",  or  why  a  levee  9  ft.  high  was  ever  built  at 
all  on  a  bank  which  is  4  ft.  above  the  highest  known  flood,  has  always 
been  a  mystery  to  the  writer.  It  is  fair  to  say  that  the  author  was  not 
responsible  for  either  of  these. 

Deflecting  Dikes  or  Jetties. — The  use  of  dikes  or  jetties  to  deflect 
the  current  away  from  the  banks  is  a  common  delusion.  R.  Jasmund, 
in  his  review  of  the  regulation  of  the  Rhine,  covering  some  150  years, 
recites  the  "countless  failures"  in  which  deflecting  dikes  had  a  very 
large  share.    He  says  that,  in  spite  of  such  dikes  inclining  down  stream, 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LIX,  Plates  V  and  VI,  and  p.  37. 
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Mr.  tlie  bank  receded  more  and  more  and,  in  many  cases,  the  erosion  was 
c  erson.  g^^ongest  just  behind  the  dikes,  where  protection  had  been  looked  for, 
and  the  dikes  themselves  were  cut  out  and  disappeared.  After  being 
thoroughly  tried  out,  the  deflecting  type  of  dike  was  abandoned,  and 
dikes  of  suitable  length  perpendicular  to  the  bank  were  substituted, 
which  resulted  in  deposits  along  the  shore  below  them,  and  this  method 
has  had  a  large  part  in  the  successfvil  regulation  of  the  Rhine  and 
other  streams. 

Like  experience  on  the  Mississippi  and  Missouri  Rivers  has  also 
demonstrated  the  futility  of  current  deflectors  in  the  protection  of 
river  banks  from  erosion. 

Levees  Along  the  West  Bank. — When  the  break  of  1905  was  closed, 
a  levee  was  built  to  the  southward  for  a  few  miles,  and  then  turned 
westward  toward  the  old  overflow  channel  known  as  the  Paredones.  It 
was  well  known  at  that  time  that  a  break  in  the  near  future  was 
imminent  by  way  of  Bee  River.  If,  instead  of  carrying  the  levee 
back  away  from  the  river,  it  had  been  extended  down  along  the  river, 
across  and  well  below  the  Bee  River,  which  was  dry  except  at  flood 
stages,  the  break  of  1910  with  its  attendant  losses  never  would  have 
occurred.  It  would  also  have  been  in  line  with  "final  and  complete" 
regulation  as  advocated  by  "engineers  best  acquainted  with  the 
problem". 

The  writer  discussed  this  matter  at  the  time  with  those  in  charge 
of  closing  the  break,  and  understood  that  the  plan  was  to  extend  the 
levee  down  along  the  west  bank  of  the  river  to  what  was  reported  to 
he  high  land  well  down  toward  the  lower  end  of  the  delta.  There  are, 
in  fact,  evidences  on  the  ground,  in  the  nature  of  a  partly  constructed 
levee  for  a  short  distance  below  the  point  where  the  levee  turns  to  the 
westward.  It  would  be  interesting  to  know  what  caused  the  change 
in  the  plans. 

Hydraulic-Fill  Dam  Across  a  Flotving  River. — The  author's  suc- 
cess in  building,  across  a  flowing  river,  a  hydraulic-fill  dam  out  of 
material  pumped  from  the  lower  strata  of  the  bed  of  the  stream  is 
a  striking  example  of  what  a  resourceful  engineer  can  accomplish 
■when  an  emergency  arises. 

In  his  official  report  of  1910  the  writer  suggested  that  the  whole 
operation  of  the  closure  of  the  Bee  River  break  "might  be  economically 
handled  in  the  dry",  by  operating  during  a  low-water  season,  using 
the  temporary  rock-fill  dam  built  just  below  the  intake,  and  raising  it 
to  the  required  height  to  divert  the  whole  flow  of  the  river  through 
the  Imperial  Canal. 

The  ^vriter's  experience  does  not  agree  with  the  statement  that  the 
depth  of  scour  is  limited  by  the  heavier  material  composing  the  bottom, 
and  that  "the  materials  are  graded  as  to  weight,  and  deposited  in 
direct  relation  to  the  velocities".     In  the  Mississippi  River,  the  bars 
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composed  of  gravel  larger  than  the  shingle  described  by  the  author,  Mr. 
extend  well  above  low  water,  and  the  deep  concave  bends  opposite  the  ^  erson. 
bars  have  no  gravel  in  them  at  all.  It  is  not  uncommon  to  see  coarse 
gravel  distributed  over  the  high-water  banks.  Take  the  exposed  sec- 
tion of  an  alluvial  bank  in  general,  all  of  which  has  been  deposited 
from  a  state  of  suspension,  and  there  is  little  evidence  to  show  that 
the  materials  are  graded  as  to  weight. 

The  scour  line  of  the  bed  of  the  river  at  Yuma  is  also  doubtless 
influenced  by  the  bed-rock  which  extends  across  the  river  in  that 
vicinity. 

The  construction  of  the  dam  described  was  only  possible  during 
the  extremely  low  stage  in  the  river,  amounting  to  only  4  000  sec-ft., 
all  of  which  could  easily  be  carried  through  the  head-gates  to  Imperial 
Canal.  The  low  cost  of  the  work  fully  justified  the  effort,  and  its 
novelty  and  successful  outcome  reflect  great  credit  on  the  builder. 

It  is  stated  in  the  press  that  there  is  under  construction  a  new  tem- 
porary rock-fill  dam  which  will  cost  several  times  as  much  as  the 
hydraulic-fill  dam  under  discussion,  and  it  would  be  interesting  to 
know  why  the  latter  was  not  repeated. 

Restoration  of  Colorado  River  to  Its  Former  Bed. — The  restoration 
of  the  Colorado  River  to  its  former  bed  must  be  realized  before  a  final 
solution  of  the  problem  of  control  is  reached;  and,  when  it  is  under- 
taken, the  experience  gained  in  the  construction  of  the  hydraulic-fill 
dam  can  be  applied  with  success.  As  the  author  well  says,  closure 
should  not  be  attempted  under  emergency  conditions,  as  heretofore, 
but  a  favorable  time  should  be  selected,  when  the  whole  volume  can  be 
diverted  down  the  canal  through  the  head-gates,  and  then  it  will  be 
possible  to  build  "dry-shod"  such  dam  or  barrier  as  may  be  necessary 
to  turn  the  flow  back  to  its  old  channel.  The  latter  would  also  probably 
need  clearing  out  and  rectifying,  in  order  to  facilitate  the  flow. 

Railroad  on  Crown  of  Levee. — The  writer  cannot  agree  that  a  rail- 
road on  the  crown  of  the  levee  is  a  "vital  factor  in  all  levee  protection 
on  the  Lower  Colorado";  but  it  may  be  a  convenience  in  the  work  of 
maintenance,  which  cannot  be  neglected  if  the  levee  is  to  remain 
intact. 

The  writer  is  of  the  opinion,  also,  that,  in  the  use  of  rock  to  pro- 
tect the  exposed  face  of  the  levee  from  erosion,  economy  as  well  as 
safety  dictates  that  the  rock  facing  shall  be  laid  by  hand  with  some 
care,  instead  of  being  dumped  at  random  from  cars,  as  a  large  part  of 
the  rock  thus  dumped  serves  no  useful  purpose;  witness  the  levee 
north  of  Bee  River,  which  was  breached  in  spite  of  such  protection. 

Restricting  the  River  to  Narrow  Limits. — The  author  states  that 
"the  less  room  the  river  is  allowed  for  meandering,  the  greater  its 
velocity  and  scouring  action,  and  the  easier  it  is  to  keep  it  under 
control".     This  statement  needs  qualification.     When  the  Sonora  Mesa 
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is  approached,  only  one  bank  of  the  river  requires  control  by  revet- 
ment; the  Mesa  itself  takes  care  of  the  other  bank,  as  do  the  hills  on 
the  right  bank  from  near  Yuma  to  Andrade,  which  the  author  cites  as 
a  narrow  confined  bed.  Increase  of  velocity  necessarily  increases  bank 
erosion,  as  well  as  the  difficulty  of  control  by  bank  revetment.  Increased 
velocity  does  not  mean  that  the  energy  will  all  be  expended  on  the  bed 
of  the  stream,  for  it  will  also  attack  the  banks.  Therefore,  why  not 
give  it  more  lateral  room,  so  as  to  reduce  the  flood  height  ? 

Location  of  the  Government  Levee. — The  location  of  the  Govern- 
ment levee  on  the  west  bank  of  the  river  was  fixed  after  a  careful 
study  of  the  changes  in  the  bank  line,  as  shown  on  a  map  defining 
several  positions  of  the  river  dating  from  the  earliest  surveys. 

This  study  developed  the  fact  that,  had  a  levee  been  built  20  years 
earlier,  and  placed  at  a  distance  of  3  000  ft.  from  the  westerly  bends 
of  the  river,  it  would  have  remained  intact,  as  far  as  river  bank  erosion 
was  concerned. 

As  the  project  of  1910  could  not  cover  bank  revetment,  it  was 
decided  to  place  the  Government  levee  so  that  it  would  be  safe  from 
destruction  by  river  bank  erosion  for  a  probable  period  of  about  20 
years,  the  primary  object  of  the  levee  being  to  carry  the  flood-water 
so  far  down  stream  as  to  eliminate  the  possibility  of  its  flowing  into 
Imperial  Valley.  With  the  exception  of  the  detour  to  connect  with 
the  Bee  River  crossing,  which  was  regarded  as  the  best  available  point, 
the  levee  alignment  was  fixed  in  accordance  with  this  plan. 

In  a  comprehensive  scheme  for  the  regulation  of  the  Colorado 
River,  including  bank  revetment  and  flood  control,  the  levee  alignment 
might  be  somewhat  different. 

River  Side  Borrow-Pits. — The  author  seems  to  object  to  river  side 
borrow-pits  which  constitute  a  cardinal  principle,  followed  in  all  parts 
of  the  world,  except  in  the  Colorado  River  delta ;  and  in  most  of  the 
levees  built  there  that  practice  has  been  followed,  except  when  pre- 
vented by  the  encroachment  of  the  water  on  the  river  side. 

An  examination  of  the  Government  levee  after  the  floods  of  1911 
disclosed  the  fact  that  there  were  no  channels  in  the  pits  paralleling 
the  levee,  but,  on  the  contrary,  the  pits  in  many  cases  were  obliterated 
by  deposits  of  sediment.  There  was  no  evidence  anywhere  that  the 
river  side  pits  were  responsible  for  damages  to  the  levee. 

The  imperative  necessity  for  at  least  temporary  protection  of  the 
river  slope  of  the  levee  was  fully  realized  by  the  writer,  but,  when  pro- 
posed to  those  "higher  up",  was  rejected,  because  there  was  "no 
authority  under  the  appropriation  or  negotiations  with  Mexico  for 
maintenance". 

Hanlon  Head-Gates. — Apparently,  very  little  attention  had  been 
given  to  the  hydraulics  of  the  river,  its  variations  in  stage,  and  the 
oscillation  in  the  elevation  of  the  bed  conforming  in  a  measure  to  the 
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stafie,  until  after  the  concrete  head-gates  had  been  placed  at  Andrade       Mr. 
in  190G.     Shortly  after  they  were  built,  it  was  realized  that  the  sill    ^  erson. 
of  the  intake,  which  was  5  ft.  below  the  bed  of  the  river  at  the  time, 
was  too  high,  and  this  is  what  made  it  necessary  to  build  temporary 
dams  at  low  stages  below  the  intake,  in  order  to  increase  the  head  so 
as  to  divert  enough  water  to  supply  the  demands  of  Imperial  Valley. 

In  July.  1910,  the  supply  dropped  to  746  sec-ft.,  only  395  sec-ft. 
reaching  Imperial  Valley.  Much  of  this  trouble  was  due  to  a  silting 
up  of  the  intake  above  the  head-gates. 

Both  the  United  States  and  Mexico  Interested. — A  satisfactory  and 
comprehensive  solution  of  conserving,  controlling,  and  using  the  waters 
of  the  Colorado  River  can  only  be  reached  by  a  joint  commission  of 
engineers  from  both  sides  of  the  International  boundary  line.  It  has 
already  been  too  long  deferred,  and  it  is  hoped  that  Mexican  affairs 
will  before  long  reach  such  a  peaceful  and  prosperous  state  as  to  per- 
mit the  consideration  of  the  agricultural  and  other  developments  of 
the  delta  of  the  Colorado. 
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DISCUSSION  ON 
FLOODS  AND   FLOOD   PREVENTION* 


By  Messrs.  Farley  Gannett  and  C.  E.  Grunsky. 


Farley  Gannett,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — After  Mr. 
reading  the  report  of  the  Special  Committee  on  Floods  and  Flood 
Prevention,  the  thought  presents  itself:  "What  is  to  be  done  next"? 
It  was  hoped  that  the  Committee  would  indicate  a  definite  course 
of  procedure  to  be  followed  in  order  to  accomplish  the  gradual 
reduction  of  the  flood  hazard,  but  it  seems  that  it  has  not  done  this. 
Some  members  of  the  Society  doubtless  expected  to  find  in  the  report 
tables  showing  the  magnitude  and  frequency  of  floods,  together  with 
flood  damage  estimates,  and  other  information,  but  it  is  thought  the 
Committee  was  wise  in  not  publishing  these  data.  Such  data  are 
most  useful  and  necessary  to  accomplish  the  control  of  floods,  and  their 
wide  distribution  would  facilitate  the  intelligent  construction  of  such 
works,  but  without  a  bountiful  appropriation,  the  Committee  could 
not  have  been  expected  to  collect,  correct,  arrange,  and  tabulate  the 
vast  store  of  records  which  it  could  have  foiind  available.  A  list 
of  references  to  published  sources  of  flood  information,  however, 
would  have  been  a  useful  addition. 

Flood  data  should  be  collected,  studied,  analyzed,  revised,  and 
made  available  to  the  Profession;  and  would  not  such  work  be  a 
proper  avenue  for  the  expenditure  of  the  funds  of  the  Society  ?  Cer- 
tain States  are  undertaking  to  do  this;  the  United  States  Govern- 
ment, in  several  different  Bureaus,  is  doing  some  work  along  these 
lines ;    individual   engineers   have   done   a   great   deal,   but   they   have 

*  Discussion   of  Progress  Report  of  the  Special  Committee  on  Floods  and  Flood 
Prevention  for  1915,  continued  from  August,   1916,  Proceedings. 
t  Harrisburg,  Pa. 
t  Received  by  the  Secretary,  July  26th,  1916. 
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Mr.  not  the  resources  in  time  or  money  to  treat  the  data  in  the  proper 
way;  and,  therefore,  it  seems  that,  if  this  information  is  to  be  placed 
at  the  disposal  of  the  Profession,  the  American  Society  of  Civil  Engi- 
neers is  the  proper  organization  to  do  it,  even  though  it  may  cost 
many  thousands  of  dollars.  It  is  recognized  that  there  are  other  fields 
which  probably  deserve  equal  attention  by  the  Society,  and  that  all 
desirable  fields  cannot  be  covered  simultaneously,  but  is  there  a 
reason  for  doing  nothing  simply  because  all  cannot  be  done  at  once? 

The  Flood  Committee  might  have  been  expected  to  publish  flood 
height  and  damage  data  or  to  recommend  concurrent  State  and  National 
legislation  which  would  tend  toward  reducing  the  flood  hazard.  The 
latter  is  believed  to  be  by  far  the  more  important.  It  is  one  thing, 
however,  to  recommend  remedial  legislation  and  another  thing  to  have 
it  adopted,  and  that  is  where  the  real  work  woiold  come. 

Channel  Reduction  hy  Encroachments. — The  writer  must  disagree 
with  the  Committee  in  its  statement  that  "the  obstruction  of  the 
flood  plain  by  the  works  of  man  has  in  many  cases  largely  increased 
flood  heights  for  the  same  volume  of  discharge".  In  this  discussion 
we  are  dealing  with  great  and  damaging  floods  on  large  streams,  and,  as 
a  result  of  an  intensive  study  of  past  floods  and  exi^erience  in  passing 
upon  proposed  encroachments  in  stream  channels,  in  enforcing  the 
laws  of  the  State  of  Pennsylvania  in  this  respect,  the  writer  thinks 
that,  except  for  small  floods  which  are  confined  within  well-defined 
channels,  river  bank  encroachments,  and  obstructions,  have,  with  but 
a  few  exceptions  in  Pennsylvania,  had  small  effect  on  flood  heights. 
When  floods  are  confined  to  channels  between  normal  banks,  their 
height  is  raised  by  bank  extensions,  bridge  piers,  buildings,  founda- 
tions, etc.,  but  great  floods,  in  Pennsylvania  at  least,  almost  everywhere 
leave  the  well-defined  channel  and  inundate  the  whole  valley  from 
hill  to  hill.  During  such  floods,  which  overtop  the  river  banks,  the 
extension  of  such  banks  makes  little  or  no  difference  in  the  gauge 
height  attained. 

With  small  streams  the  statement  of  the  Committee  applies  more 
truly,  however,  because  railroad  embankments,  highways,  etc.,  cross- 
ing such  streams  over  culverts  of  insufficient  capacity,  with  long, 
high  approach  fills,  often  retard  the  fiow  and  back  up  the  water  to 
damaging  heights.  When  such  accumulations  of  water  finally  overtop 
the  embankments  and  cut  them  away,  the  damage  and  stage  below 
are  often  far  increased. 

On  Mill  Creek,  at  Erie,  Pa.,  with  a  tributary  watershed  of  13 
sq.  miles,  $2  000  000  damage  was  done  by  a  flood  on  August  3d,  1915. 
This  was  the  third  great  flood  during  the  last  40  years,  each  doing 
vastly  more  damage  than  the  one  previous,  not  so  much  because  there 
was  more  water,  but  because  each  time  there  was  vastly  more  prop- 
erty, in  houses,  stores,  and  factories,  to  be  damaged,  and  also  because 
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inadequate   culverts   carrying   streets   over   the   creek,   with   approach      Mr. 
fills,  became  clogged,  backed  up  the  water,  were  overtopped,  and  the 
approaches   cut   away,    to    disgorge   the    accumulated    water   down   to 
the  next  culvert,  where  the  process  was  repeated. 

One  of  the  greatest  obstructions  which  can  be  placed  in  a  big 
river,  as  far  as  impeding  the  area  is  concerned,  is  a  masonry  arch 
bridge.  Yet  when  the  Cumberland  Yalley  Railroad  Company  asked 
permission  to  place  such  a  structure  nearly  a  mile  long  over  the 
Susquehanna  River  at  Harrisburg,  it  was  found  that  its  effect  on 
an  estimated  maximum  flood  of  900  000  sec-ft.  (previous  actual  maxi- 
mum flood  700  000  sec-ft.)  would  be  to  raise  it  0.9  ft.  over  what  it 
would  be  without  a  bridge. 

Encroachments,  however,  are  going  on  in  every  place  where  no 
control  over  them  is  being  exercised;  and,  if  permitted  to  continue, 
will  in  time  become  of  consequence.  Heretofore,  except  at  a  certain 
limited  number  of  places  (considering  only  large  streams),  they  have 
not  become  of  damaging  dimensions,  but,  as  every  little  bit  tends 
in  the  wrong  direction,  all  encroachments  which  would  tend  to  restrict 
flood  discharge  below  safe  limits  shovdd  be  prohibited.  Few  States 
have  legislation  on  this  subject.  Until  recently,  the  National  law 
regarding  the  building  of  structures  in  navigable  rivers  was  not 
enforced  from  this  point  of  view.  The  length  of  rivers  classed  as 
navigable  is  so  great,  and  the  corps  of  engineers  available  to  the  War 
Department  to  enforce  this  law  is  so  small,  that  an  attempt  to  carry 
out  its  provisions  is  only  made  at  certain  points. 

Pennsylvania  has  had  a  good  law,  well  enforced,  for  9  years,  con- 
trolling encroachments  along,  or  obstructions  in,  stream  channels, 
and  a  vast  benefit  has  resulted,  not  so  much  in  bettering  previously 
existing  conditions  as  in  preventing  worse  conditions  from  arising; 
and  improvements  over  previous  conditions  have  been  obtained  at 
many  points.  This  law  prevents  the  dumping  of  wastes  of  all  kinds 
over  river  banks,  unless  the  slopes  are  protected,  and  thus  tends  to 
reduce  silt  carriage  by  the  streams,  to  be  deposited  lower  down.  None 
of  the  neighboring  States  has  such  laws,  and  there  is  nothing  to 
protect  Pennsylvania  from  receiving  in  its  rivers  the  washings  of 
refuse  from  banks  in  States  up  stream. 

Such  a  law,  enacted  by  all  States,  modified  as  necessary  to  meet 
local  conditions,  is  a  prime  requisite  and  a  most  proper  recom- 
mendation for  the  Flood  Committee  to  make,  in  order  "to  preserve  the 
streams  as  they  are,  prevent  them  from  getting  worse,  as  far  as  channel 
capacity  is  concerned,  and  to  effect  a  measure  of  improvement  when- 
ever opportunity  offers. 

The  Popular  Fear  of  Dams. — Another  thing  which  the  Society  can 
do  to  further  flood  control  is  to  assist  in  disabusing  the  public  mind 
of  the   idea   that   a   dam   is   a   dangerous   structure.     As   a   result   of 
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Mr.  several  disastrous  dam  failures,  two  of  them  in  Pennsylvania,  the 
Gannett,  p^i^j^g  ]-j^g  ^j^g  i^jg^  that  a  dam  is  bound  to  be  a  grave  source  of 
danger,  and  the  location  of  such  a  structure  above  a  city  a  menace. 
The  broadest  schemes  of  flood  control  cannot  be  developed  unless 
this  feeling  is  removed,  and  it  can  only  be  removed  by  a  concerted 
campaign  of  publicity  such  as  could  and  should  be  carried  on  by 
the  American   Society  of   Civil   Engineers. 

Surveys  and  estimates  at  Erie  showed  that  the  most  satisfactory 
as  well  as  the  most  economical  method  of  controlling  floods  in  Mill 
Creek  was  by  the  construction  of  a  detention  reservoir  and  a  conduit 
18  ft.  wide;  but,  on  account  of  the  feeling  in  Erie  against  a  dam  of 
any  kind,  and  of  the  necessity  of  going  before  the  people  with  a 
bond  issue  election  for  funds  with  which  to  construct  the  flood 
control  works,  it  was  decided  to  adopt  an  alternative  plan  of  a 
much  larger  conduit  and  omit  the  dam  entirely,  at  an  added  cost  of 
more  than  $100  000.  It  was  believed  by  the  City  Commission  that 
if  a  plan  involving  a  dam  was  submitted  to  the  voters  the  bond 
issue  would  fail.  Without  the  dam,  the  bond  issue  of  $950  000 
carried  by  a  five  to  one  vote.  The  City  Commission  of  five  members 
was  unanimously  in  favor  of  the  plan  involving  a  dam,  as  opportunity 
was  afforded  to  convince  them  of  its  advantages  by  frequent  discus- 
sions ;  but  such  methods  could  not  be  applied  to  the  entire  population 
in  the  short  time  available.  Therefore  the  furtherance  of  a  propaganda 
favorable  to  dams,  and  the  spreading  of  the  conviction  that  dams 
are  not  dangerous,  would  be  an  important  function  which  the  Society 
could  assume  in  furthering  flood  control. 

Multiple  Use  of  Reservoirs. — The  writer  believes,  with  Gen.  Chit- 
tenden, that  reservoirs  may  be  utilized  satisfactorily  for  flood  control 
and  other  purposes  as  well.  He  had  occasion  to  work  out  this  prob- 
lem on  two  large  storage  projects,  and  in  one  of  these  cases  it  was 
thoroughly  proved  that  a  reservoir,  designed  primarily  for  increasing 
the  dry-weather  flow  for  industrial  use,  would  reduce  floods  in  the 
congested  section  of  the  river  below,  by  30%  in  height,  and  would 
practically  eliminate  damage.  In  the  other,  by  raising  a  proposed 
masonry  dam  for  water  power  a  very  few  feet,  almost  complete 
control  of  floods  on  a  water-shed  of  1  200  sq.  miles,  would  be  effected. 
In  the  former  case,  the  reservoir  is  long,  wide,  and  shallow,  covering 
30  sq.  miles,  on  a  water-shed  of  150  sq.  miles.  The  absorption  of 
flood  .flow  by  this  reservoir  would  be  enormous,  a  3-ft.  rise- absorbing 
an  8-in.  rainfall  on  the  water-shed.  The  freeboard  on  the  dam  is 
10  ft.  In  the  latter  case,  the  dam  is  about  260  ft.  high,  and  the 
reservoir  more  than  40  miles  long.  The  capacity  curve  of  this 
reservoir  is  such  that  a  few  feet  on  top  gives  capacity  equal  to  a 
large  percentage  of  the  volume  below  the  level  required  for  water 
power.  lii  .'^;{>   .t 
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With  few  exceptions,  storage  in  the  upper  part  of  a  reservoir  is  Mr. 
the  cheapest,  so  that,  by  increasing  the  height  of  dams  erected  for 
other  purposes  to  a  height  greater  than  necessary  for  that  primary 
purpose,  the  necessary  storage  for  flood  absorption  will  be  obtained 
at  more  reasonable  cost  than  if  a  dam  or  reservoir  is  built  only  for 
Hood  control. 

Several  of  the  European  nations  have  in  this  way  created  efiective 
control  and  utilization  of  important  streams.  Thus,  storage  devel- 
opments on  the  Oder  River,  in  Silesia,  has  effected  flood  protection 
in  the  valley  below  and  has  also  permitted  the  generation  of  several 
thousand  horse-power;  storage  for  navigation  improvements  on  the 
River  Rhone  has  reduced  flood  heights  below  storage  reservoirs  con- 
structed with  both  ends  in  view. 

Floods  come  so  seldom,  strike  at  so  widely  different  parts  of  the 
land,  and  at  such  varied  seasons,  that  in  the  popular  mind  they  have 
come  to  be  accepted  as  acts  of  Providence.  This  superstition  is  being 
gradually  eliminated,  but  the  feeling  is  still  prevalent  that  floods, 
like  lightning,  never  strike  twice  in  the  same  place,  and  so  there 
is  no  use  trying  to  do  anything  about  it.  Furthermore,  the  writer 
thinks  most  engineers  will  agree  that  it  is  impossible  to  construct 
flood  control  measures,  where  a  likelihood  exists,  if  a  damaging  flood 
has  not  occurred,  that  the  flnancial  and  governing  bodies  will  refuse 
to  "lock  the  barn  door  before  the  horse  is  stolen,"  even  though  one 
can  show  the  presence  of  thieves  in  the  vicinity  and  the  absence 
of  locks  on  the  doors.  Flood  protection  or  control  measures  are 
usually  very  costly,  and  floods  seldom  recur  in  any  one  place,  and 
it  is  impossible  to  prophesy  how  soon  the  next  one  will  come,  so 
that  it  is  impossible  to  determine  exactly  the  amount  of  money 
which  can  be  expended  economically  for  such  works.  Again,  it  is 
usually  necessary  in  large  flood  control  projects  to  obtain  the  co-opera- 
tion of  corporations,  cities,  counties.  States,  and  the  Federal  Govern- 
ment, or  several  of  them.  All  these  conditions,  as  well  as  numerous 
others,  make  the  final  accomplishment  of  water  storage  measures,  for 
flood  control  alone,  a  long  and  laborious  undertaking,  so  long  that 
often  the  necessity  therefor  and  the  losses  and  horrors  of  the  last 
flood  have  been  measurably  forgotten  before  all  these  steps  can  be 
accomplished,  and  the  project  fails. 

For  these  reasons  the  writer  believes  that  real  widespread  flood 
control  through  reservoir  construction  and  storage  will  be  brought 
about  by  the  construction  of  reservoirs  principally  for  other  utiliza- 
tion purposes,  such  as  water  supply,  water  power,  industrial  use, 
navigation,  irrigation,  and  for  esthetic  purposes,  such  as  park  lakes, 
improvement,  sanitation,  etc. 

Our  existing  State  laws,  under  which  most  works  of  this  kind 
would  be  and  are  built,  will  have  to  be  amended  in  most  States  to 
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Mr.  provide  a  means  by  which  such  multiple  use  may  be  made  of  reser- 
voirs through  the  division  of  cost  between,  for  example,  a  corporation 
building  a  water-power  reservoir  and  a  city  desiring  flood  control,  or 
between  one  city  desiring  water  supply  and  another  requiring  flood 
control,  etc. 

Such  legislation  has  been  suggested  for  Pennsylvania,  but  has 
not  yet  been  placed  on  the  statute  books.  Projects  involving  several 
hundred  thousand  continuous  horse-power  are  now  chartered  by  this 
State,  but  remain  unbuilt,  because  of  the  lack  of  definite  and  favor- 
able water-power  laws  under  which  they  may  be  built  and  operated. 
Others  are  too  costly,  as  water-power  projects  alone,  to  warrant  con- 
struction in  this  State,  the  home  of  coal.  With  favorable  water-power 
laws,  and  with  the  right  to  co-operate  with  municipalities,  counties, 
and  the  State,  many  hundreds  of  thousands  of  horse-power,  now 
going  to  waste,  would  be  developed;  many  towns  and  cities  would 
have  reduced  flood  hazards,  navigation  on  several  large  rivers  would 
be  improved,  and  sanitary  conditions  along  the  water-fronts  of  many 
river  communities  would  be  greatly  benefited. 

Thus  another  line  of  legislative  enactment,  essential  to  the  pro- 
mulgation of  flood  control,  is  the  passage  of  laws  permitting  and 
facilitating  the  generous  development  of  water  supply,  water  power, 
and  irrigation  projects,  and  the  division  of  the  cost  of  constructing 
and  operating  them  between  corporations  desiring  such  works  for 
flnancial  return,  and  municipalities,  counties,  States,  and  the  Federal 
Government  desiring  them  for  flood  control  and  navigation. 

The  Water  Supply  Commission  of  Pennsylvania  approved  of  the 
incorporation  of  a  large  water-power  project  in  the  western  part  of 
the  State,  involving  the  construction  of  large  storage  reservoirs  and 
the  installation  of  200  000  h.  p.,  on  condition  that  the  operation  of 
the  main  storage  reservoir  be  subject  to  the  direction  of  the  Com- 
mission, as  respects  maintaining  a  certain  dry-weather  flow  below 
it,  and  as  respects  absorbing  floods. 

Forests. — The  writer  thoroughly  agrees  with  Gen.  Chittenden  in 
his  contention  that,  though  forests  may  and  probably  do  mitigate 
ordinary  floods  to  a  certain  extent,  they  do  not  affect  the  volume  of 
discharge  in  great  floods.  Anything  but  circumstantial  and  theoreti- 
cal evidence  on  this  point  is  impossible  to  obtain.  The  studies  which 
were  made  of  Pennsylvania  river  floods  showed  that  whenever  we 
could  go  back  75  or  100  years,  substantial  and  reliable  records  of 
floods  were  often  found  exceeding  anything  in  more  recent  years, 
since  the  forests  were  largely  removed.  This  was  clearly  shown  by 
finding  accurate  records  of  two  floods  at  Pittsburgh,  in  1762  and 
1763,  considerably  exceeding  that  of  1907.  Also  by  finding  records 
of  a  flood  on  the  Susquehanna  River  at  Wilkes-Barre,  in  1865, 
exceeding  that  of  1902  by  several  feet  in  height,  and  floods  in  1784 
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and  1807  nearly  as  great.     A  flood  in  the  Schuylkill  River  in  1850      Mr. 
exceeded  that  of   1902   materially.     These   facts   prove  nothing,  but  ^^°°®  ■ 
they  show  that  the  dense  forest  growth,  which  covered  the  State  at 
the  earlier  dates,  did  not  prevent  great  floods,  which,  if  they  occurred 
to-day,  would  be  truly  disastrous. 

Detention  Reservoirs. — The  writer  cannot  but  feel  that  on  large 
streams,  where  water  power  might  be  obtained,  or  where  navigation 
improvement  might  be  gained  by  storage,  detention  reservoirs  are  an 
economic  waste.  It  is  unfortunate  that  the  greatest  and  most  spec- 
tacular flood  control  project  of  our  time,  the  Dayton  project,  is 
planned  on  that  principle.  The  conditions  there  apparently  made 
that  the  only  plan  that  could  be  adopted,  just  as  at  Erie,  conditions 
made  the  plan  without  a  dam  the  only  one  that  could  be  put  through. 
The  Erie  case  also  is  unfortunate,  but  being  smaller,  the  failure  to 
utilize  the  best  and  most  economical  method  is  not  so  harmful,  as 
it  is  not  so  widely  known  and  will  not  be  pointed  to  so  frequently 
as  a  precedent  as  will  the  Dayton  project.  The  failure  to  utilize  the 
power  of  the  Scioto  River  and  its  tributaries,  which,  with  permanent 
reservoirs  of  greater  capacity,  might  have  been  made  available,  will 
set  a  precedent  which  will  undoubtedly  lead  to  the  utilization  of  this 
plan  elsewhere,  where  the  conditions  are  not  the  same  and  where 
complete  utilization  and  conservation  would  have  been  practicable. 

Flood  Warning. — The  worst  feature  of  floods  is  the  damage  they 
do  to  life  and  property.  There  are  two  ways  of  reducing  this  damage, 
one  is  to  control  the  floods  and  lessen  their  height,  and  the  other  is  to 
get  out  of  the  way  of  them  and  remove  perishable  property  to  places 
above  flood  height.  The  first  proposition  has  been  much  discussed, 
but  the  latter,  it  seems,  has  not  received  the  attention  it  deserves. 
This  involves  flood  warnings.  By  timely  warnings  many  lives  can 
be  saved  and  much  valuable,  perishable  property  can  be  removed  beyond 
the  danger  zone.  Until  the  far-distant  day  when  flood  control  is  gen- 
eral, more  attention  should  be  devoted  to  early  and  accurate  flood 
warnings. 

The  Federal  Government  maintains  a  flood  warning  service  which 
has  proved  itself  of  great  value.  It  is  a  Herculean  task,  however, 
to  send  flood  warnings  over  this  vast  land  of  ours,  and  the  means  at 
the  disposal  of  this  bureau  have  confined  its  work  to  certain  points 
and  a  limited  number  of  streams. 

Following  the  flood  of  March,  1913,  which  visited  streams  in  West- 
ern Pennsylvania,  a  law  was  enacted,  and  $10  000  was  appropriated 
by  the  State  Legislature,  with  which  to  give  to  the  people  a  more 
intensified  flood  warning  service  than  was  possible  by  the  United 
States  Government.  This  law  was  drafted  with  the  approval  of  a 
United  States  Weather  Bureau  representative,  and  in  the  3  years 
during  which  it  has  been  enforced  by  the  Water  Supply  Commission, 
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Mr.  a  great  quantity  of  property  has  been  saved  from  damage.  A  larger 
*""^  ■  appropriation  would  make  greater  savings  possible.  In  Pennsylvania, 
however,  this  service  is  hampered  by  the.  lack  of  similar  service  on 
the  head-waters  of  the  Susquehanna,  Allegheny,  and  Delaware  Rivers, 
which  rise  in  New  York  and  pass  through  or  along  the  border  of 
Pennsylvania  for  hundreds  of  miles. 

Either  by  vastly  increasing  the  resources  of  the  ITnited  States 
Weather  Bureau  for  flood  warnings,  so  that  it  could  give  attention 
to  other  than  the  few  great  rivers  of  the  country,  or  by  adopting 
uniform  flood  warning  legislation  in  the  several  States,  much  loss  in 
life  and  property  could  be  prevented  while  we  are  waiting  for  control 
works  to  be  built. 

An  important  duty  of  such  a  service  is  also  that  of  warning  pros- 
pective constructors  of  railroads,  highways,  bridges,  factories,  mills, 
and  dwellings  of  the  limits  of  the  flood  zones  of  rivers,  so  that  they 
may  not  locate  within  such  area,  or  if  they  do,  that  the  building  site 
may  be  elevated  above  flood  level.  If  there  were  such  an  organization 
in  each  State,  under  State  or  Federal  control,  and  the  people  knew 
of  its  existence,  as  they  would  if  proper  publicity  was  given  to  it 
and  its  work,  then  it  would  be  possible  to  reduce  greatly  the  increase 
in  the  damageable  property  which  is  constantly  being  placed  in  the 
way  of  floods. 

In  conclusion  the  writer  would  suggest  that  it  is  the  province  of 
this  Society  to  do  three  things : 

1. — Place  at  the  disposal  of  its  members  full  and  accurate  flood 
data; 

2. — Change  the  popular  fear  of  dams  into  an  understanding  of 
their  security; 

3. — Formulate  and  push  through  the  adoption  of  legislation  along 
these  lines : 

A. — To  control  obstructions  and  encroachments  in  or  along 
streams ; 

B. — To  permit  of  co-operation  between  corporations.  States, 
municipalities,  and  the  Federal  Government  in  the  construc- 
tion and  operation  of  storage  reservoirs  for  water  power,  water 
supply,  and  other  commercial  uses,  so  as  to  adapt  them  for 
flood  control  as  well ; 

C. — To  extend  the  Federal,  or  establish  a  State,  flood  warning 
service. 

Mr.  C.  E.  Grunsky,*  M.  Am.  Soc.  C.  E.  (by  letter). f— The  discussion 

Grunsky.  ^yj^jg]-^   ^^^q   Committee's  report  has   provoked   is   of  a   character  fully 

justifying  the  report,   notwithstanding  the  fact   that  the   Committee 

*  San  Francisco,  Cal. 

t  Received  by  the  Secretary,  September  5th,  1916. 
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was  not  in  a  position  to  attempt  to  say  the  last  word  on  the  subject      Mr. 

of  tiood  control.  Omnsky. 

Some  of  the  statements  made  by  those  who  point  out  the  incom- 
pleteness of  the  report  merit  reply,  in  order  that  wrong  impres- 
sions may  be  corrected.  Mr.  Eakin  says:  "It  is  indirectly  stated  that 
the  use  of  levees  effects  an  increased  channel  storage  that  induces  a 
lowering  of  flood  levels."  No  one  who  knows  anything  about  the  propa- 
gation of  a  flood  wave  could  by  any  possibility  intentionally  make 
the  statement  that  the  reduction  of  the  flooded  area  which  results  from 
the  construction  of  levees  will  reduce  the  elevation  to  which  water 
will  thereafter  rise  between  the  levees.  The  language  used  by  the 
Committee  (of  which  the  writer  was  a  member)  is  therefore  unfor- 
tunate. The  levees  are  put  on  the  banks  of  rivers  for  the  piirpose  of 
confining  the  water  to  a  restricted  channel  and  thereby  increasing 
the  rate  of  flow  in  this  channel,  and  this  cannot  be  done  without 
causing  the  water  between  the  levees  and  within  the  channel  to  rise 
to  greater  height  than  that  which  would  have  been  attained  without 
levees.  It  takes  the  crest  of  a  flood  wave  10  days,  or  about  that  time, 
to  travel  in  the  Mississippi  River  from  Cairo  to  New  Orleans.  Let 
it  be  assumed  that  at  flood  the  volume  of  flow  is  such  that  levees  confine 
the  water  to  the  river  and  to  bank-land  areas  between  the  levees.  It 
is  evident  that  in  such  a  case  the  discharge  of  the  river  in  excess  of 
ordinary  flow  for  about  10  days  before  the  cresting  of  the  flood  at 
New  Orleans  has  been  consumed  in  filling  the  river  channel  above 
that  point  from  a  low  to  a  high  stage.  It  is  also  evident  that  this 
channel  storage  is  greater  than  it  would  have  been  if  there  had  been 
no  levees.  To  the  extent  that  this  increase  of  channel  storage  is  made 
possible  by  the  levees  it  is  a  factor  making  for  a  reduction  of  the 
maximum  flow  at  all  down-stream  points.* 

Channel  storage  between  levees  does  not  reduce  the  total  run-off, 
and  it  does  not  reduce  the  water  surface  elevation  of  the  river  at 
flood,  unless  this  be  in  the  exceptional  case  of  scour,  which  may  result 
from  the  higher  velocities  in  the  channel  between  levees  than  existed 
under  natural  conditions.  No  claim  can  be  made,  and  none  was 
intended  to  be  made  by  the  Committee,  that  the  confinement  of  water 
by  levees  will  decrease  the  original  maximum  stream  flow  at  the 
mouth  of  the  river.  Levees  are  built  for  the  purpose  of  reducing 
flooded  areas.  They  are  built  to  keep  water  away  from  land  that  with- 
out them  would  be  less  desirable  for  agricultural,  industrial,  and  other 
uses.  Consequently,  for  the  same  volume  of  flood  flow,  the  opportunity 
for  storage,  taking  the  river  basin  in  its  entirety,  is  less  after  levees 
are  built  than  before.  The  flood  wave  reaches  the  mouth  of  the  leveed 
river   with   less   elongation   than   under   natural   conditions,   and   con- 

*  See  Transactions,  Am.  Soc.  C.  E.,  VoL  LXI,  p.  332  ;  and  also  Report  of  Com- 
missioner of  Public  Works  of  California,   1895,  p.  130. 
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Mr.  sequently  the  discharge  at  the  peak  must  be  greater.  As  an  illustration, 
TFuns-j.^j^^  Sacramento  Flood  Control  project  may  be  referred  to.  Under 
natural  conditions  the  floods  of  Sacramento  River  inundated  broad 
lateral  basins,  and  the  lower  reaches  of  the  river  had  a  maximum 
flow  of  about  200  000  sec-ft.  The  withdrawal  from  inundation  of 
the  islands  of  the  delta  region  of  this  river  and  of  the  various  flood- 
basins  which  border  the  river  will  increase  the  momentary  flood  maxi- 
mum to  more  than  500  000  sec-ft.  Of  this  quantity,  in  the  latitude 
of  Sacramento,  it  is  proposed  to  hold  as  much  as  possible  in  the  river, 
20  to  30%,  confined  between  levees  of  reasonable  height,  but  at 
elevations  which  at  extreme  flood  will  be  about  7  ft.  higher  than  the 
original  river  flood-plain.  It  is  the  additional  channel  storage  repre- 
sented by  this  added  depth  of  water  which  the  Committee  had  in 
mind  when  it  referred  to  "the  resultant  reduction  of  flood  height.'' 
What  the  Committee  desired  to  do  was  to  call  attention  to  the  added 
storage  as  a  factor  making  for  elongation  of  the  flood  wave  and  con- 
sequent reduction  of  maximum  discharge,  without  any  intention  of 
claiming  that  channel  flood  heights  as  originally  existing  would  be 
reduced  by  the  construction  of  levees. 

In  connection  with  this  matter,  and  in  reply  to  the  remarks  of 
Gen.  Chittenden,  the  general  principle  should  be  kept  in  mind  that 
the  elongation  of  a  flood  wave  as  it  passes  down  stream  is  due  to  the 
effect  of  storage.  If  there  were  no  change  possible  in  the  volume  of 
water  in  storage  between  an  up-stream  and  a  down-stream  point,  as 
in  the  case  of  a  closed  conduit,  there  could  be  no  elongation  of  the 
flood  wave.  The  accession  of  water  at  the  upper  point  would  at  once 
be  manifest  by  an  increased  discharge  in  equal  quantity  at  the  lower 
point.  Storage,  whether  in  the  channel  or  in  overflow  basins,  has 
the  effect  of  elongating  in  some  measure  every  flood  wave  that  travels 
down  a  river,  and  by  such  elongation  the  time  of  passage  is  increased 
and  the  flow  at  the  peak  is  correspondingly  reduced.  It  follows,  as 
demonstrated  by  the  writer  in  a  paper  prepared  in  1880  while  he  was 
Assistant  State  Engineer  of  California,  and  published  in  1895  in  the 
Report  of  the  Commissioner  of  Public  Works  of  California,*  that  the 
maximum  discharge  of  a  river  which  receives  no  accessions  from 
tributaries  will  decrease  with  distance  down  stream.  Every  decrease 
of  available  storage  space,  such  as  may  result  from  a  contraction  of 
the  waterway,  will  reduce  the  effect  of  storage  and  will  tend  to 
increase  the  maximum  discharge  at  down-stream  points.  Every 
increase  of  storage  space,  resulting  from  the  raising  of  levees  or  the 
adding  of  retention  reservoirs,  on  the  other  hand,  will  decrease  the 
maximum  flow  at  down-stream  points. 

The  Committee  shares  the  view  expressed  by  Mr.  Eakin  when 
he  says : 

*  See  also  Transactions,  Am.  Soc.  C.  E.,  Vol.  L.XI,  p.  332. 
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"No  individual  or  organization  has  as  yet  commanded  such  pro-      Mr. 
ficiency  in  all  these  sciences  as  to  enable  them  to  outline  a  programme  ^'^"^'^y- 
of  river  treatment  with  dependable  authority." 

Herein  lies  the  justification  of  the  Committee  in  presenting  a 
report  in  which  the  shortcomings  were  kjiown  to  the  members  and 
which  was  not  put  forward  as  exhaustive  on  the  subject  of  flood  control, 
a  subject  which  necessarily  presents  as  many  different  aspects  as  there 
are  river  systems. 

It  happens  frequently,  as  in  the  case  of  the  Sacramento  and  San 
Joaquin  Eivers,  in  California,  that  some  of  the  natural  flood  basins 
along  these  streams,  such  as  Butte  Basin  to  the  northward  of  the 
Marysville  Buttes,  Upper  Colusa  Basin  on  the  west  side  of  Sacramento 
River,  and,  to  a  lesser  extent,  Sutter  Basin,  Lower.  Colusa  Basin, 
and  American  Basin,  and  some  of  the  submersible  lands  along  the 
San  Joaquin  River,  partake  of  the  nature  of  the  lands  which  in  con- 
nection with  flood-control  projects  on  other  river  systems  are  selected 
for  detention  reservoirs.  The  demand  is  strong  in  the  California  case 
for  the  protection  of  these  submersible  valley  lands  against  overflow. 
It  becomes  an  economic  question,  then,  to  determine  where  the  line 
should  be  drawn,  and  it  is  by  no  means  certain  that  complete  pro- 
tection against  floods  is  in  all  cases  justified.  Occasionally,  it  will  be 
found  advisable  to  retain  a  natural  overflow  basin,  not  only  for  the 
control  of  the  floods  which  it  helps  to  effect,  but  also  as  a  recipient 
of  some  of  the  silt  carried  by  the  stream.  The  permanent  utilization 
of  a  natural  flood  basin  seems  particularly  desirable  when  the  basin 
is  situated  so  that,  while  acting  as  a  detention  reservoir,  it  can  be 
drained  of  its  water  in  time  to  leave  the  land  available  for  the  culti- 
vation of  summer  crops.  In  1850  the  United  States  gave  to  Arkansas 
and  a  number  of  other  States,  for  the  purpose  of  reclamation,  the  land 
which  was  segregated  as  swamp  and  overflow,  and  these  several  States 
thereupon  proceeded  to  divest  themselves  of  ownership  as  rapidly  as 
possible.  They  blundered.  The  land  subject  to  inundation  should  have 
remained  in  public  ownership  \mtil  comprehensive  plans  for  flood 
control  were  made.  It  would  then  have  been  a  simple  matter  to  have 
the  plans  carried  out  in  proper  sequence,  and  much  embarrassment 
would  have  been  avoided  that  now  results  from  the  demand  that 
protection  be  provided  for  lands  which,  if  they  were  not  in  private 
ownership,  would  to  no  inconsiderable  extent  be  put  in  a  class  re- 
quiring only  partial  protection  or  fair  protection  against  ordinary 
and  not  extraordinary  floods. 

Mr.  Hill  points  out  that  the  extreme  floods  of  recent  years  are  not 
due  to  changed  climatic  or  physical  conditions.  The  example  which 
he  supplies  of  an  extreme  flood  stage  in  the  Great  Miami  in  1805 
before  forests  had  been  removed  suggests  that  it  would  not  be  out  of 
place   to   refer   to   some   additional   facts   to   show   that   a   connection 
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Mr.      between     deforestation     and     stream     flow    will     remain    difficult    to 
"  establish. 

The  writer,  in  a  paper  presented  to  the  Society  some  years  ago,* 
has  shown  that  the  dominating  cause  of  changes  in  the  surface  eleva- 
tion of  the  Great  Lakes  is  the  climate,  and  that  a  long  period  of  less 
than  normal  rain  and  snow  may  be  followed  by  another  with  more 
than  the  normal.  A  still  better  example  to  illustrate  the  variation  in 
the  rainfall  and  run-off  is  the  Great  Salt  Lake.  This  lake  was  very 
low  when  visited  and  sounded  by  Capt.  Stansbury  in  1849.  It  was 
low  when  visited  by  Fremont  some  years  earlier.  In  the  years  pre- 
ceding 1869  it  rose,  ultimately  reaching  an  elevation  about  11  ft. 
above  that  of  1849,  and  then,  with  numerous  minor  fluctuations, 
decreased  in  extent  and  in  elevation  until  1906,  when  its  water  sur- 
face was  about  4  ft.  lower  than  it  had  been  in  1849.  It  was  supposed 
by  many  that,  on  account  of  the  increasing  utilization  of  water  for 
irrigation  on  its  water-shed,  the  lake  would  never  again  rise  to  any- 
where near  the  high  stages  of  1868  to  1876,  but  this  view  was  in 
error.  The  lake  is  now  about  8  ft.  higher  than  it  was  at  its  lowest 
stage  in  1904,  having  maintained  this  high  stage  for  several  years. 
For  a  long  time  preceding  the  low  period  of  1849,  and  extending  to 
about  1861,  the  rainfall  in  the  region  tributary  to  Salt  Lake  as  a 
water-shed  must  have  been  less  than  normal.  Then  followed  a  num- 
ber of  years  in  which,  taken  collectively,  there  was  more  than  normal 
rain,  until  about  1876,  after  which  there  came  another  period  with 
less  than  normal  rain  as  the  average  for  a  number  of  seasons.  The 
consequent  decrease  of  run-off  and  the  increasing  use  of  water  for 
irrigation  brought  the  lake  to  its  lowest  stage  in  1906.  In  the  case 
of  this  lake,  which  has  no  outlet,  the  rise  and  fall  is  a  fairly  good 
index  of  the  run-off,  and  therefore  of  the  rainfall,  when  groups  of 
consecutive  years  are  considered.  The  problem,  moreover,  is  not  here 
complicated  by  deforestation.  It  appears  from  this  and  numerous 
similar  cases  that  very  large  variation  in  the  seasonal  water  produc- 
tion of  any  region  may  be  anticipated,  and  that  the  persistence  of  any 
tendency  which  the  seasonal  run-off  may  have  to  increase  or  decrease 
for  a  number  of  years  is  not  to  be  accepted  as  conclusively  demon- 
strating either  a  permanent  change  of  climate,  nor  yet  that  such 
increase  or  decrease  is  in  any  way  related  to  aforestation  or  to 
deforestation  of  water-shed  areas.  The  same  general  statement  will 
apply  also  to  the  possible  momentary  maximum  stream-flow.  The 
factors  affecting  the  rate  of  run-off  are,  moreover,  so  many  and  so 
inter-related  that  it  will  remain  difficult  if  not  impossible  to  make  a 
conclusive  determination  of  the  effect  of  forest  growth  on  flood 
discharge. 

Mr.  Leighton  is  evidently  of  the  opinion  that  no  report  on  the  sub- 
ject of  flood  control  can  be  a  well-considered  report  which  does  not 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXIII,   p.  31. 
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recognize  the  forest  as  one  of  the  material  factors  which  influence  the  Mr.  • 
magnitude  and  frequency  of  floods.  Much  as  the  writer  has  studied  ^''""^  ^• 
this  subject,  he  has  yet  to  find  any  convincing  demonstration  that 
there  is  such  an  effect.  Generally,  the  individual  cases  cited  are  so 
complicated  by  related  circumstances  that  the  evidence  is  not  con- 
clusive. The  writer  is  not  prepared  to  accept,  and  does  not  believe 
that  the  Profession  will  accept,  as  final,  any  mathematical  demon- 
stration that  forest  growth  will  markedly  reduce  or  meliorate  flood 
conditions.  If  the  statement  made  by  the  Committee  gives  the  impres- 
sion that  the  quantitative  influence  of  the  forest  on  the  frequency  and 
magnitude  of  floods  is  not  proved,  this  is  exactly  what  one  member  of 
the  Committee,  at  least,  intended.  This  is  without  prejudice  to  the 
forest,  which  the  writer  would  like  to  see  extended  and  maintained  to 
meet  fully  at  all  times  the  requirements  of  the  country.'  The  writer, 
moreover,  does  not  wish  to  be  classed  among  those  who  will  not  con- 
cede that  it  may  yet  be  possible  to  demonstrate  the  true  relation  of  the 
forest  to  the  flood;  and,  for  that  reason,  he  subscribed  to  the  state- 
ment in  the  report  that  the  exclusion  of  the  forest  as  a  method  of 
flood  prevention  had  not  yet  been  demonstrated,  though  he  believes 
that,  except  in  the  rarest  cases,  conditions  will  never  be  such  that  the 
forest  will  become  a  material  factor. 

The  maximum  stream  flow  is  not  dependent  solely  on  the  rainfall 
and  the  rate  at  which  snow  is  melting ;  it  depends  also  on  the  condition 
of  the  surface  of  the  ground  on  which  the  snow  lies  or  the  rain  falls. 
Usually,  the  period  of  intense  rain  which  produces  flood  stages  is  pre- 
ceded by  rain  which  saturates  more  or  less  thoroughly  the  top  layers 
of  the  soil.  This  is  least  likely  to  occur  in  sandy  and  gravelly  regions 
and  where  loamy  soils  are  well  tilled  and  are  deep.  It  is  most  likely 
to  occur  in  regions  where  the  ground  is  swampy  and  naturally  full  of 
water,  or  where  the  flood-producing  rain  falls  on  frozen  ground  which 
requires  but  little  water  for  complete  saturation.  It  follows  that, 
whenever  a  region  which  in  its  natural  condition  was  swamp  has  been 
made  arable  and  brought  under  cultivation,  the  probability  of  com- 
plete saturation  preceding  a  flood-producing  rain  will  have  been 
reduced,  and  some  effect  on  the  frequency  and  intensity  of  the  flood 
condition  in  such  a  region  will  have  to  be  conceded  to  the  reclamation 
work.  The  main  effect  of  any  such  modification  of  surface  conditions 
should  be  sought  in  terms  of  water  storage  and  retardation  of  the 
flood  wave,  because,  if  thereby  the  resultant  elongation  of  the  flood 
wave  can  be  determined,  some  basis  will  exist  for  estimating  the 
quantitative  effect  on  the  maximum  flow.  The  writer  agrees  with  the 
comments  of  Gen.  Chittenden  in  this  regard,  and  shares  his  view 
that  the  modification  of  the  effect  of  soil  cover  and  absorption  by  Man's 
occupancy  and  use  of  the  soil  will  be  a  negligible  factor  in  the  exces- 
sive rainfalls  which  produce  great  floods. 
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'    Mr.  In  the  light   of  present  information,   the  writer   agrees  too   with 

runs  y.  q^^^  Chittenden  when,  after  referring  to  the  aggravation  of  flood 
damage  which  results  from  the  obstruction  and  use  by  Man  of 
Nature's  overflow  channels,  he  says: 

"The  foregoing  remarks  disclose  the  reason  why  flood  destructive- 
ness  is  increasing.  It  is  not  because  floods  themselves  are  increasing, 
either  in  frequency  or  intensity,  but  because  property  subject  to 
destruction  is  very  greatly  increasing,  and  as  yet  protective  work  does 
not  keep  pace  with  this  increase." 

The  writer,  though  having  qualifiedly  subscribed  to  the  Com- 
mittee report,  is  not  in  full  accord  vsdth  its  reference  to  outlets.  Con- 
centration of  the  flood  flow  in  one  channel  is  desirable.  Separation 
into  a  number  of  channels  is  undesirable.  The  conditions,  however, 
are  not  always  such  that  a  single  channel  can  be  given  adequate 
capacity  to  carry  all  the  water  presented  at  flood.  The  study  of  the 
question  what  to  do  when  this  is  the  case  led  the  writer  to  formulate 
certain  principles  for  the  treatment  of  Sacramento  River  floods,*  sub- 
stantially as  follows: 

First. — Make  the  river  carry  as  much  water  as  possible  between 
levees  of  reasonable  height. 

Second. — Let  the  flood-water  in  excess  of  capacity  between  levees 
go  out  of  the  channel  at  selected  points  under  control. 

Third. — Confine  the  outgoing  surplus  waters  to  limited  areas,  and 
keep  them  under  control  until  they  may  re-enter  the  river  or  can  be 
delivered  into  the  bay. 

The  writer  has  not  modified  his  views  in  this  respect,  having,  sub- 
ject to  these  principles,  always  been  in  favor  of  relief  weirs  or  con- 
trolled outlets.  These  are  not  to  be  confounded  with  ordinary  outlets 
which  begin  to  function  before  the  river  has  reached  the  danger  line 
and  which  become  secondary  branches  of  the  stream.  It  is  outlets 
of  the  latter  kind,  in  the  sense  of  a  division  of  the  stream,  which  with 
good  reason  are  disapproved  by  the  Committee. 

The  writer  is  pleased  to  find  Gen.  Chittenden  in  accord  with  the 
writer's  view  that  the  cut-off  is  generally  a  desirable  improvement, 
and  that  the  fear  that  shortening  a  river  channel  will  interfere  with 
its  usefulness  as  a  commercial  highway  is  not  ordinarily  well  grounded. 
The  sketch,  Fig.  5,  is  from  an  old  document,  and  shows  the  extent 
to  which,  by  intelligent  direction  and  restraint,  the  course  of  the 
Khine  in  the  vicinity  of  Germersheim  was  modified  during  the  period 
from  1817  to  1861.  This  sketch  shows  channel  shortening  and  align- 
ment modification  quite  comparable  to  that  which  might  be  carried 
out  on  the  Mississippi,  on  the  Missouri,  or  on  the  Colorado,  if  the 
necessary  outlay,  including  permanent  bank  revetment,  were  justified, 
and  the  occupancy  and  use  of  the  bank-lands   do  not  already  set  a 

*  Report  of   Commissioner  of  Public  Works  of   California,    1894-95,   p.   59. 
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Mr.      limit  to  the  alignment  corrections  which  might  otherwise  ultimately 
be  hoped  for. 

In  the  case  of  the  Rhine,  the  1817  channel  length  of  63.5  miles, 
covered  by  the  diagram,  was  reduced  by  cut-offs  and  corrections  of 
alignment  to  27.6  miles.  The  river  was  shortened  in  this  stretch  by 
46%  of  its  original  length.  Though  a  stream  of  considerable  magni- 
tude, having  a  width  of  about  800  ft.,  the  channel  control  was  effected 
silccessfully  by  excavating  guide  channels,  by  constructing  training 
walls  of  fascines  and  brushwork,  by  obstructing  the  old  channel  with 
dams  and  dikes  and,  finally,  by  bank  revetment  and  protection  wherever 
the  river  in  its  meanderings  reached  the  prescribed  alignment.  The 
channel  improvement  of  the  Rhine  was  not  confined  to  the  stretch 
shown  by  Fig.  5,  but  extended  for  miles  in  both  directions  therefrom — 
up  stream  as  far  as  the  Swiss  boundary  and  down  stream  to  below 
Mannheim  at  the  mouth  of  the .  Neckar. 
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Discussion.* 


By  Franklin  R.  McMillan,  Esq. 


Franklin  R.  McMillan,!  Esq.  (by  letter).:}: — In  the  following  re-  Mr. 
marks  attention  will  be  given  to  the  questions  raised  by  Mr.  Ernst  F.  *^^*^'"*°- 
Jonson,  in  his  discussion,  rather  than  to  the  method  of  calculation 
proposed  by  the  author;  for  these  questions,  which  concern  the  funda- 
mental calculations  of  reinforced  concrete  beams,  must  be  settled 
befoi-e  we  are  justified  in  passing  to  the  refined  methods  suggested 
by  Mr.  Janni. 

During  the  past  3  years,  the  writer  has  been  conducting,  at  the 
Experimental  Engineering  Laboratory  of  the  University  of  Minnesota, 
a  series  of  investigations  concerning  some  of  the  physical  properties 
of  concrete  which  Mr.  Jonson  has  mentioned  as  affecting  the  theory 
of  flexure  of  reinforced  concrete.  Although  these  investigations  are 
still  far  from  complete,  considerable  data  have  been  accumulated 
which  relate  to  the  questions  at  issue. 

As  the  value  of  such  calculations  as  made  by  Mr.  Jonson  depends 
on  the  correctness  of  the  assumptions,  it  will  be  well  to  present  a  sum- 
mary of  the  more  important  facts  and  conclusions  from  these  investi- 
gations before  taking  up  the  discussion. 

These  results  relate  principally  to  the  shrinkage  and  the  non- 
elastic  deformation  or  time  yield  in  reinforced  concrete  beams,  slabs, 

*  Discussion  of  the  paper  by  A.  C.  Janni,  M.  Am.  Soc.  C.  E.,  continued  from 
August,  1916,  Proceedings. 

t  Asst.  Professor,  Structural  Eng.,  Univ.  of  Minnesota,  Minneapolis,  Minn. 
t  Received  by  the   Secretarj'.   September  2d,   1916. 
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Mr.  and  columns.*  The  curves  of  Figs.  5,  6,  and  7  show  the  results  of 
shrinkage  measurements  on  a  number  of  specimens  designed  to  bring 
out  the  effect  of  several  variables.  In  regard  to  Fig.  5  little  need 
be  said  in  explanation,  as  the  legends  show  quite  clearly  the  variations. 
These  results  were  obtained  from  4  by  5  by  24-in.  specimens,  cast 
under  conditions  as  nearly  identical  as  possible,  ajid  cured  side  by 
side,  2  weeks  under  wet  burlap  and  then  open  to  the  ordinary  air 
of  the  laboratory.  Initial  readings  were  taken  when  the  beams  were 
one  or  two  days  old,  hence  the  values  given  represent  practically  the 
entire  shrinkage.  From  these  curves  it  will  be  seen  that  the  total 
shrinkage  is  from  0.055  to  0.065%,  and  that  little  difference  results 
from  varying  the  proportions,  quantities  of  water,  or  density,  within 
the  limits  of  ordinary  practice.  It  will  also  be  observed  that  in 
nearly  every  case  the  shrinkage  amounts  to  0.05%  within  the  first 
60  days. 

On  Fig.  6  are  shown  the  results  of  shrinkage  measurements  extend- 
ing over  periods  of  from  2  to  3  years,  in  which  somewhat  higher  values 
are  found  than  in  the  specimens  of  Fig.  5.  It  will  be  noted  that  there 
is  a  large  difference  in  the  total  shrinkage  shown  by  the  two  slabs  in 
the  upper  diagram,  and  that  the  greater  value  is  shown  for  the  slab 
on  which  observations  were  not  commenced  until  it  was  68  days  old. 
As  this  slab  had  been  covered  with  wet  sand  until  within  3  days  of 
the  zero  measurements,  there  may  have  been  some  swelling,  which, 
if  subtracted  from  the  values  shown,  would  give  the  shrinkage  from 
the  original  state.  In  some  other  tests,  not  included  here,  a  swelling 
of  nearly  0.02%  has  been  observed  in  80  days  under  wet  burlap.  The 
concrete  of  the  6  by  8-in.  slab  is  considerably  more  porous  than  that 
of  the  10  by  10-in.,  which  may  in  a  measure  account  for  the  higher 
shrinkage,  as  well  as  for  the  quicker  response  to  the  change  in  the 
humidity  of  the  air,  as  seen  from  the  undulations  of  the  shrinkage 
curves.  It  should  be  noted  that  the  periods  shown  on  this  or  any  of 
the  other  figures  do  not  represent  coincident  calendar  periods  for  the 
different  specimens;  they  were  plotted  to  the  same  set  of  co-ordinates 
for  simplicity.  When  plotted  on  a  true  calendar  scale  it  is  found  that 
the  undulations  are  coincident,  showing  the  seasonal  changes  in  the 
humidity. 

In  the  lower  diagram  of  Fig.  6  rather  high  values  of  total  shrinkage 
are  shown,  also  the  effect  of  early  wetting  on  the  total  shrinkage  can 
be  seen.  These  two  beams  were  identical,  except  for  the  methods 
of  curing,  as  noted  on  the  diagram.  That  the  effect  of  the  early 
wetting  on  Beam  B — or  the  subsequent  immersion — is  only  to  retard 
the  shrinkage,  and  does  not  affect  the  final  total  amount,  can  be  seen 

*  For  a  more  extended  discussion  of  these  tests,  see  Bulletin  No.  3,  Engineering 
Series,  University  of  Minnesota,  "Shrinkage  and  Time  Effects  in  Reinforced  Concrete". 
Also  the  paper,  "Time  Tests  of  Concrete,"  by  F.  R.  McMillan,  Journal,  Engineers'  Club 
of  St.  Louis,  Vol.  1,  No.  4. 
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from  these  curves.  This  is  also  indicated  by  the  results  from  the 
6  by  8-in.  slab  previously  referred  to,  which  show  a  total  shrinkage 
of  nearly  0.1  of  1%  beginning  after  curing  57  days  under  moist  sand. 
In  the  upper  curves  of  Fig.  7  are  given  the  results  of  measurements 
on  4  by  5  by  24-in.  beams,  made  from  1:2:4  concrete  of  three  different 
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aggregates,  and  cured  under  conditions  as  nearly  identical  as  possible. 
These  results  are  presented  as  further  evidence  of  what  total  shrinkage 
may  be  expected,  rather  than  for  the  comparison  of  the  different 
aggregates,  for  with  these  few  tests  definite  conclusions  cannot  be 
drawn.     In  the  lower  curves  the  effect  of  early  wetting  on  both  the 
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limestone  and  sandstone  concrete,   as   well   as  the  comparison  of  the       Mr. 
two  aggregates,  may  be  seen.  McMillan. 

That  other  variables  than  those  controlled  in  the  several  series  of 
these  tests  affect  the  amount  of  shrinkage  is  evident  from  the  varying 
amounts   shown   by   specimens   of   nominally   the   same   mixture;    for 

SHRINKAGE  TEST  OF  CONCRETE. 
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examjjle,  the  1:2:4  limestone  concrete,  shows  the  following  values 
for  the  different  tests:  in  Fig.  5,  from  0.055  to  0.065%;  in  Fig.  6, 
from  0.06%  for  the  10  by  10-in.  slab  to  0.08%  for  Beams  A  and  B; 
and,  in  Fig.  7,  0.09%  for  Beam  D.  This  is  further  illustrated  by  the 
values  of  0.065  and  0.092%  shown  by  the  upper  and  lower  curves  for 
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Mr.  the  1:2:4  sandstone  concrete  of  Fig.  7.  These  difierences  are  con- 
^  ^  ^°'  siderably  greater  than  found  for  those  tests  shown  on  Fig.  5  in  which 
the  variables  were  regulated.  Among  other  causes  to  which  these 
differences  may  be  due,  the  following  are  suggested  as  probably  having 
considerable  weight:  variations  in  materials  assumed  to  be  the  same, 
and  differences  in  mixing,  tamping,  and  otherwise  handling  the 
materials  at  the  time  of  making  the  specimens. 

I'rom  the  foregoing  it  is  evident  that  definite  laws  cannot  be 
formulated  from  these  tests ;  however,  two  important  conclusions  may 
be  drawn :  First,  as  to  amount,  it  may  reasonably  be  concluded  that 
the  minimum  shrinkage  to  be  expected  in  concrete  allowed  to  dry 
thoroughly  is  0.05%,  and  that  values  from  20  to  60%  greater  than 
this  will  usually  result;  second,  the  difference  in  early  curing  condi- 
tions has  little  effect  on  the  final  total  shrinkage.  Concrete  cured 
wet  will  swell  somewhat,  but,  when  it  is  exposed  to  a  drying  atmosphere, 
it  will  shrink  fully  as  rapidly  and  as  much  as  if  placed  in  the  air 
when  first  cast. 

In  regard  to  the  time  yield  or  non-elastic  deformation,  the  data  on 
Figs.  8  and  9  are  presented.  On  Fig.  8  appear  the  results  of  tests 
on  four  small  beams  kept  under  load  for  periods  of  200  and  500  days. 
The  details  of  these  tests  are  shown  quite  clearly  by  the  notes  on  the 
diagrams;  in  further  explanation,  however,  it  may  be  said  that  the 
total  deformations  at  the  upper  surfaces  of  the  beams  were  measured 
over  an  8-in.  gauge  line  crossing  the  point  of  application  of  the  load. 
The  shrinkage  was  determined  from  measurements  on  identical  beams 
cured  similarly  but  held  without  load  for  the  same  period.  As  the 
stress  increases  rather  rapidly  toward  the  center,  in  such  a  short  span, 
the  total  measured  deformations — and  therefore  the  net  deformations 
shown  by  these  curves — are  somewhat  less  than  the  true  value,  prob- 
ably from  5  to  10  per  cent. 

Beams  11  and  13  were  of  1:2:4  concrete,  of  pea  size  limestone, 
kept  wet  for  one  day.  Beams  118  and  121  were  of  1:2:4  concrete, 
the  former  with  |  to  |-in.  limestone,  the  latter  with  Kettle  River 
sandstone;  these  were  kept  wet  3  days. 

An  inspection  of  the  curves  of  Fig.  8  shows  that  the  moduli  of  total 
deformation  reduce  considerably  in  the  periods  for  which  these  measure- 
ments were  made.  Table  2  gives  the  ratio  of  the  deformation  shown  by 
these  curves  at  several  different  ages  to  the  initial  deformation. 

In  Table  2  the  remarkable  regularity  in  the  values  for  the  three 
limestone  beams,  11,  13,  and  118,  should  be  noted.  Although  the 
initial  moduli  may  differ,  the  rate  of  the  progressive  movement  is 
about  the  same.  No  deterraination  of  the  elastic  modulus  was  made 
on  the  concrete  of  these  beams  at  the  time  of  loading,  but  calculation 
from  the  bending  moment  indicates  values  ranging  from  1  600  000  to 
2  200  000  for  the  limestone,  and  3  000  000  for  the  sandstone. 
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In  these  calculations  the  conditions  of  a  homogeneous  beam,  4  by 
5  in.  in  cross-section,  were  assumed,  as  it  is  known  that  no  cracks 
developed  at  first  loading.  On  the  basis  of  these  values,  we  may  expect 
at  200  days  a  value  of  n  from  26  for  the  sandstone  to  50  for  the  lime- 
stone, and  from  50  to  60  for  the  limestone  at  500  days. 

TABLE  2. 


Beam. 


II 

13 

118 

121 


Initial 
deflection, 
in  inches 
per  Inch. 


0.000335 
0.000302 
0.000246 
0.000180 


Ratio  or  Net  Deflection  to  Initial  Deflection. 


30  days. 


2.49 
2.48 
2.40 
1.57 


I  days. 


2.66 
2.78 
2.84 
2.08 


200  days. 


3.50 
3.28 
3.a9 
2.68 


530  days. 


4.09 
3.74 


By  net  deformation  is  meant  total  deformation  minus  the  shrinkage, 
the  deformation  due  to  load  and  time  yield. 


It  includes 


TABLE  3. 


Nominal 
proportions. 

Age  at  Application  of  the 

.Specimen. 

Coarse 
aggregate. 

Time 
kept 
wet. 

Various  Loads. 

Dead 
load. 

Other  loads. 

Beam  A 

Beam  B.... 

Slab  C 

Slab  D 

Limestone, 
pea  size. 

Limestoue, 
J4  to  %  in. 

Limestone, 
»4  to%  in. 

Limestone, 
pea  size. 

1:2:4 

1:2:4     ' 

1:2:4 
1  :  214  :  4 

1  day 
(not  wet) 

31  days 
57  days 

41  days 

135  days 
59  days 

Dead  load  and  860  lb. 
applied  at  age  of  33  da 

Loaded    at    one-third 
Total  of   500  lb.  at 
After  several  change 
off,  totalof  15001b.  a 

Live  load  50  lb.  per  sq. 
days.    Increased  to  1 
410  days. 

Live  load  50  lb.  per  sq 
days  Increased  to  1 
71  days. 

Live  load  removed  at 
and  re-applied  at  94  d 

at  center 

lys. 

points. 

80   days. 

*,  on  and 

88  days. 

ft.  at  309 
00  lb.  at 

ft.  at  68 
00  lb   at 

82  days, 
ays. 

On  Fig.  9  are  shown  the  net  deformation  curves  for  two  more  beams 
and  two  slabs.  These  curves  diifer  from  those  of  Fig.  8  in  that  the 
load  was  not  applied  at  one  time.  For  example,  in  the  curve  for  the 
10  by  10-in.  slab  the  deformation  shown  at  the  first  day  was  due  to 
the  dead  load  only  (55  lb.  per  sq.  ft.),  and  no  further  load  was  applied 
until  the  I74th  day,  when  a  live  load  of  50  lb.  per  sq.  ft.  was  added, 
with  a  similar  increase  100  days  later.  The  increase  in  deformation 
at  560  days  was  the  result  of  an  overload  applied  for  the  purpose  of 
breaking  the  concrete  in  tension,  which,  up  to  this  time  had  shown 
no   signs  of  cracking.     Table  3  gives  the  mixture,   age,  and  loading 
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of  these  beams  and  slabs,  and  Table  4  the  ratios,  at  different  ages, 
of  net  deformation  to  load  deformation.  In  the  calculation  of  these 
ratios,  the  net  deformation  at  the  given  age,  as  shown  by  the  curve 
on  Fig.  9,  is  divided  by  the  sum  of  the  load  deformations  for  all 
previous  load  increments.  Thus,  for  the  250th  day  on  the  10  by 
10-in.  slab,  the  ratio  is  3.2,  obtained  by  dividing  0.000428,  the  net 
deformation  from  the  curve,  by  (0.000076  +  0.000058),  the  dead-load 
deformation  plus  the  live-load  deformation  on  the  lY4th  day. 

TABLE   4. 


Load  Deformations. 

Ratio  :  Net  Deflection  to 
Load  Deflection  at: 

specimen. 

Dead  load. 

Live 
load. 

Time, 
in  days. 

Live 
load. 

Time, 
in  days. 

50 
days. 

100 
days. 

200 
days. 

650 
days. 

950 
days. 

Beam  A 

Beam  B.... 

Slab    C 

Slab  £>■.... 

6' 606266 

0.000076 

0.000280 
0.000035 
0.000058 
0.C1C0042 

0 

46 

174 

0 

6! 666675 

0.000043 
0.000065 

'54 

275 

8 

2.57 

2'.96 
2.24 

2.68 
2.32 

2!66 

3.39 
3.11 
3.20 
3.08 

4.25 
3.63 
4.00 
4.11 

4.60 
3.71 

4;39 

Time  refers  to  interval  from  first  application  of  load. 

In  the  ratios  of  net  to  load  deformation  in  Table  4,  practically 
the  same  values  are  found  as  for  the  corresponding  periods  in  Table  2. 
The  initial  moduli  for  three  of  these  specimens  were  determined,  with 
the  following  results: 

Beam  B 3  460  000  at    27  days. 

Slab     C 3  300  000  at  135  days. 

Slab    D 2  500  000  at     72  days. 

These  give  values  of  n  ranging  from  9  to  12  at  the  time  of  appli- 
cation of  the  loads,  from  20  to  30  at  3  months,  and  from  33  to  53 
after  2  years. 

The  conclusions  to  be  drawn  from  these  tests  of  shrinkage  and 
time  yield,  which  apply  to  the  question  raised  by  Mr.  Jonson,  may  be 
summed  up  as  follows:  First,  in  concrete  allowed  to  dry  thoroughly 
a  shrinkage  of  from  0.06  to  0.07%  may  ordinarily  "be  expected,  with  a 
minimum  value  of  0.05% ;  second,  the  modulus  of  total  deformation 
will  be  from  one-half  to  one-third  of  the  initial  modulus  in  a  few 
months,  and  about  one-fourth  or  less  after  2  years;  that  is,  on  the 
usual  basis  of  an  initial  value  of  n  ranging  from  9  to  15,  values  from 
20  to  30  may  be  expected  in  a  few  months  and  from  35  to  60  at  2  years. 

Now,  to  apply  the  values  just  quoted  for  shrinkage  and  time  yield 
to  the  calculation  of  beams  in  the  manner  followed  by  Mr.  Jonson, 
the  upper  diagram  of  Fig.  10  has  been  prepared.  The  formulas  of 
Mr.   Jonson   from   which   this   diagram   was   constructed   assume   the 
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Mr.       condition    that   the   beam   is    not   free   to    shrink,    and   therefore   the 
McMillan.  qq^qj.q^q  eracks,  a  condition  that  may  be  possible,  though  probably  not 
the  usual  one. 

The  diagram  referred  to  assumes  a  beam  with  a  steel  ratio  of  0.007T 

M 

and    loaded    so   that   - — ;    =    107.4.    the    value    corresponding    to    unit 
0  '/■ 

stresses  of  16  000  and  650  for  n  =  15.  The  true  stresses  in  such  a 
beam  for  various  values  of  n  can  be  read  directly  from  this  diagram. 
The  two  sets  of  curves  show  the  extreme  cases  of  shrinkage,  the  value, 
0.01%  (Em  =  3  000),  being  the  minimum  suggested  by  Mr.  Jonson, 
and  the  other,  0.07%  (Em  =  21 000),  being  the  probable  ordinary 
maximum,  as  shown  by  the  experiments  quoted.  From  these  curves 
it  is  seen  that,  with  a  shrinkage  of  0.07%,  a  beam  designed  by  the 
usual  assumption  would  have  a  concrete  stress  anywhere  from  800  for 
n  =  20  to  580  for  n  =  50,  and  a  steel  stress  of  from  15  600  to  16  300, 
within  the  same  limits.  For  a  shrinkage  of  0.05%  the  values  would 
be  a  little  less  for  the  concrete  and  but  slightly  more  for  the  steel. 

The  quantity  of  steel  to  use  for  any  unit  stress  desired  can  best 
be  determined  from  the  lower  diagram  of  Fig.  10,  which  has  been  pre- 
pared for  a  fixed  unit  stress  and  several  ratios  of  steel.  To  illustrate: 
With  650  as  the  desired  limiting  concrete  stress  and  n  =  40  assumed 
to  represent  the  probable  condition  of  total  deformation,  by  inter- 
polation from   this   diagram   it   is   seen   that   a   steel   ratio   of   0.0085 

JM  ^  ,  .     . 

would  be  required,  with  the  resulting  value  of  — -^^   at   117.      This   is 

10%  more  steel  than  required  for  the  usual  assumptions,  and  gives 
9%  greater  resisting  moment.  For  n  =  30,  the  same  concrete  stress 
would  require  only  0.7%  of  steel,  and  would  give  a  value  of  100  for 

M 

— -•  this  is  9%  less  steel  and  7%  less  moment  than  for  the  beam 
b  (T 

designed  on  the  usual  assumptions. 

Fig.  11  is  similar  to  the  lower  diagram  of  Fig.  10,  using  the  value 

of  3  000  for  Em.     From  this  diagram  it  is  seen  that,  for  a  concrete 

stress  of  650,  1.2%  of  steel  would  be  required  for  n  =  40,  and  1.03% 

M 

for  n    —   ."30.     The    correspondin2;   values    of  -— -,     are    153    and    138, 

b  d' 

respectively.      When   compared   with   a   beam   designed   by   the   usual 

assumptions,  the  values  for  n  =  40  give  a  beam  of  56%  more  steel 

and  42%  more  moment,  and  for  n  =  30,  34%  more  steel  and  28% 

more   moment.      These   are   the    same    as    the    figures    given   by    Mr. 

Jonson,   and,   it   is   seen,    show   considerably   greater   variations   from 

the  results  of  the  usual  calculations  than  do  those  obtained  by  using 

the  higher  value  for   shrinkage.     From   the  tests   quoted  the  higher 

value  seems  much  more  probable,  and,  therefore,  instead  of  requiring 


Papers.]    DISCUSSION:   DESIGNING   REINFOECED  CONCRETE  SLABS   1299 


from  1.03  to  1.20%.  as  stated  by  Mr.  Jonson,  the  calculations  by  his       Mr. 
method   would  be   satisfied   in   all   ordinary   cases   by   values   ranging     ^      ^°' 
from  0.75  to  1.00  per  cent.     However,  as  the  percentage  of  increase  in 
cost  will  be  somewhat  less  than  one-half  the  percentage  of  increase 
in  steel  area,  and  with  the  percentage  increase  in  the  coefficient  of 

resistance     ( —    )    nearly  as   great  as  that  of  the   steel  area,   the   use 

of  this  method  will  result  in  a  noticeable  saving,  even  with  a  large 
shrinkage. 

CURVES  SHOWING  VARIATION  IN  MOMENT 
AND  CONCRETE  STRENGTH  WITH  "n"  CONSTRUCTED 
_        FOR  /s  =  16  000  AND  FIXED  STEEL  RATIOS. 


30 
Values  of  n 

Fig.  11. 

The  compari:?ous  just  presented  are  interesting  in  showing  possible 
variation  between  the  results  of  calculations  on  the  ordinary  assump- 
tions and  those  taking  some  account  of  the  large  non-elastic  deforma- 
tions found  to  exist.  Such  calculations,  however,  are  of  doubtful  value 
at  the  present  time,  except  as  they  may  indicate  the  necessity  for  a 
thorough  study  and  revision  of  the  theory  of  reinforced  concrete  beams,' 
for  they  are  based  on  assumptions  varying  enough  from  the  real  con- 
ditions to  involve  greater  errors,  perhaps,  than  those  they  seem  to 
have  pointed  out.  For  example,  the  assumption  that  the  beam  is 
anchored  so  that  the  steel  does  not  change  in  length  from  the  shrink- 
age is  probably  not  often  realized  in  practice,  and,  if  so,  the  concrete 
will  probably  crack,  if  at  all,  at  irregular  intervals  rather  than  in 
the  manner  assumed  in  the  analysis. 

Until  further  knowledge  is  obtained  of  the  inter-action  of  the  mate- 
rials under  the  various  conditions  that  are  likelv  to  be  encountered 
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Mr.  in  the  completed  structure,  it  does  not  seem  desirable  that  any  change 
McMillan.  fj.Qjjj  ^]^g  present  practice  in  design  be  attempted;  for,  as  regards  the 
stresses  in  simply  supported  beams,  as  Mr.  Jonson  has  pointed  out, 
the  time  yielding  must  result  in  a  readjustment  of  abnormally  high 
initial  concrete  stresses.  When  a  revision  of  the  theory  is  attempted, 
it  must  take  into  consideration,  among  other  things,  such  conditions 
as  the  following:  A  beam  simply  supported  and  free  to  shrink,  with 
an  initial  compression  in  the  steel  and  the  concrete  uncracked;  the 
same  condition-  with  the  concrete  cracked  at  rather  wide  and  irregular 
intervals  from  the  bending  moments  applied,  also  with  the  concrete 
thoroughly  cracked  throughout  its  length.  Restrained  beams,  because 
of  bending  cracks  over  or  near  the  supports,  divide  themselves  into 
sections  which  may  fulfill  any  or  all  of  the  foregoing  conditions. 
Although  all  these  conditions  are  neglected  in  the  common  theory, 
they  cannot  be  neglected  when  an  attempt  is  made  to  introduce  the 
non-elastic  deformations  into  the  calculations. 

In  the  deflection  of  beams  the  shrinkage  and  time  yield  play  an 
important  part.  Deflections  measured  after  several  months  are  several 
hundred  per  cent,  greater  than  the  calculations  from  the  common 
theory  of  flexure  would  indicate.  Mr.  Jonson's  method  of  calculating- 
deflections,  if  the  value  of  fg  for  the  uncracked  sections  is  used,  gives 
results  probably  much  nearer  the  true  value  than  his  moment  calcu- 
lations gives  the  true  stresses,  because  of  the  small  influences  of  the 
occasional  tension  crack  on  the  total  deflection. 

It  is  in  regard  to  column  stresses  that  these  non-elastic  deforma- 
tions are  of  greatest  importance.  Using  the  notation  of  Mr.  Jonson, 
and  to  re-state  here  some  of  his  equations,  we  have  the  following: 

/r  =  initial  compression  in  the  steel  due  to  shrinkage; 

fi  =  initial  tension  in  the  concrete  due  to  shrinkage ; 

m  =  unit  shrinkage ; 

E  and  n  in  their  usual  significance; 

fy  =  stress  in  the  steel  due  to  the  load ; 

fj.  =  stress  in  the  concrete  due  to  the  load ; 

fg  =^  combined  steel  stress  =  /r  +  fy 

fc  =  combined  concrete  stress  =  /.^  —  fi. 

Em  ,    ^  Em 

.fr  =  — Ti '  ^"'^  /s-  =  Jy  ^ r; 0) 

P  11  +  1  ^  2^71+  I  ^ 

E  mp         ,    ,          ^          E m  p 
h  = T^,  and  /^  =  /^ -'- (2) 

Now,  the  load  applied  to  the  column, 

P  =  fypA  +  fAA  -pA) (3) 

in  which  fy  =  f^  n (4) 

or  P  =  /,,  ^[1+  (n  — 1)  p] (5) 
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From  these  formulas  can  be  obtained  the  actual  stresses  in  columns       Mr. 
designed  by  some  of  the  accepted  formulas  of  the  day.    For  illustration, 
take   two   colunms   using  2%   and  4%   of  vertical  steel  and  li%   of 
spirals.      Calculated   by    the   Joint    Committee   recommendations,    the 

P 
values  of  —   for  these  two  columns  would  be  832  and  1  014,  respec- 

A 

tively.     If  calculated  by  the  formula   and  unit  stresses  permitted  in 
the  Minneapolis  Building  Code: 

P  =  800  Ac  +  10  000  As  +  2.4  X  16  000  As' 

P 

the  values  of  —  are  1  oGO  and  1  744,  respectively. 
A 

Applying  these  formulas  to  these  four  columns,  we  get  the  actual 

unit  stresses,  f^  and  fg,  shown  in  Table  5.     These  are  worked  out  for 

two   sets  of  values  of  Em   and  n,   representing  conditions  that  may 

frequently  be  expected. 

TABLE  5. 


p 

P 

Em  =  15  000.  n  = 

40. 

Em  =  21 

000,  n  = 

50. 

A 

fx 

fv 

fc 

fs 

fx 

fv 

fc 

fs 

832 
1  014 
1  560 
1  744 

0.02 
0.04 
0.02 
0.04 

467 
396 
876 
682 

18  680 
15  840 
35  040 
27  280 

300 
166 
710 
450 

'in  000 

31  600 
43  870 
33  040 

430 
343 

788 
590 

31  000 
17  150 
39  400 
39  500 

210 
63 
578 
310 

31  500 
24  150 
49  900 
36  500 

From  Table  5  it  is  seen  that  enormously  high  steel  stresses  may 
be  expected  in  columns  as  conservatively  designed  as  by  the  require- 
ments of  the  Joint  Committee,  and  that  in  columns  in  which  large 
allowance  is  made  for  the  spirals,  stresses  well  above  30  000  lb.  cannot 
be  avoided.  It  should  be  noted  that  the  shrinkage  stress  alone  in 
these  four  columns  varies  from  6  000  to  10  500  lb.  per  sq.  in.  In  sup- 
port of  the  reasonableness  of  these  calculations,  the  data  on  Fig.  12, 
which  shows  the  results  of  measurements  on  columns  of  two  buildings 
in  service,  are  presented. 

In  the  first  building  the  columns  were  5  months  old,  and  were 
carrying  four  floors  and  the  roof  when  the  observations  were  begun. 
Only  a  small  quantity  of  dead  load,  such  as  partitions,  interior  finish, 
and  equipment,  has  been  added  since.  This  is  a  university  building, 
and,  like  others  of  its  class,  receives  a  very  small  proportion  of  the 
live  load  for  which  it  was  designed.  The  results  of  these  observations 
are  given  in  the  curves  marked  Column  1  and  Column  2.  These 
measurements  were  made  at  the  surface  of  the  column,  but  it  is  believed 
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McMillan 


that  measurements  taken  directly  on  the  vertical  rods  would  have 
shown  the  same  results.  The  steel  stress  represented  by  these  deforma- 
tions is  18  000  lb.  per  sq.  in.,  which  is  very  noteworthy  when  it  is 
considered  that  practically  no  dead  or  live  load  is  included,  and  that 
at  least  some  of  the  shrinkage  must  have  taken  place  during  the  5 
months  before  the  gauge  lines  were  established. 


TIME-DEFORMATION  TESTS 

OF   REINFORCED  CONCRETE  COLUMNS  IN  SERVICE. 
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Fig.  12. 


The  observations  on  the  second  building  are  given  in  the  curves 
for  Columns  9,  19,  and  20.  These  were  begun  when  the  columns  were 
about  2  months  old,  and  were  carrying  only  a  jwrtion  of  the  full  dead 
load;  the  results,  therefore,  probably  show  a  considerable  portion  of 
the  shrinkage,  as  well  as  some  of  the  dead-load  stress.  Like  the 
previous  building,  very  little  live  load  comes  to  these  columns,  although 
it  is  provided  for  in  the  design.  For  Column  20,  observations  on  both 
the  concrete  at  the  surface  and  on  the  vertical  steel  are  shown;  these, 
it  will  be  noted,  are  in  practical  agreement.  The  steel  stresses  from 
the  measurements  on  these  three  columns  are  from  21  000  to  28  000 
lb.  per  sq.  in.,  with  the  indication  that  there  may  be  still  some  increase. 
These  are  basement  columns,  and  as  yet  they  have  not  been  thoroughly 
dried  out. 
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These  measurements  on  columns  under  the  conditions  of  ordinary  Mr. 
construction,  showing  steel  stresses  ranging  from  18  000  to  28  000  lb.,  •^''■-^""*" 
where  only  a  part  of  the  load  and  shrinkage  are  included,  seem  to 
the  writer  to  be  satisfactory  experimental  verification  of  the  calcula- 
tions of  column  stresses  based  on  the  values  of  time  yield  and  shrink- 
age taken  from  the  other  tests  quoted.  When  columns  designed  by 
the  methods  of  common  practice  show  such  high  steel  stresses  as 
these  calculations  and  tests  indicate,  there  seems  to  be  little  to  warrant 
the  continuance  of  such  a  practice.  Though  the  writer  does  not 
advocate  any  change  in  the  practice  of  the  design  of  reinforced  beams, 
until  a  thorough  revision  of  the  theory  of  flexure  is  possible,  he  believes 
that  in  the  case  of  columns  a  change  is  imperative.  . 
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should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


AMORY  COFFIN,  M.  Am.  Soc.  C.  E.* 


Died  June  5th,  1916. 


Amory  Coffiu,  the  eldest  son  of  Dr.  T.  C.  Amory  Coffin  and  Jessie 
M.  (Edmondston)  Coffin,  was  born  in  Charleston,  S.  C,  on  August  9th, 
1841.  He  received  his  early  education  at  a  military  school  in  Yorkville, 
S.  C,  and,  later,  entered  the  South  Carolina  Military  Academy,  known 
as  the  "Citadel",  at  Charleston,  from  which  he  was  graduated  in  1862. 

Mr.  Coffin  was  in  command  of  the  squad  which  fired  what  was 
practically  the  first  gun  of  the  Civil  War,  namely,  an  alarm  gun  to 
notify  the  batteries  around  Charleston  that  the  U.  S.  Steamer  Star  of 
the  West  had  been  sighted  farther  up  the  coast,  bound  for  the  relief 
of  Fort  Sumter. 

During  the  war  he  was  engaged  most  of  the  time  in  and  around 
Charleston  with  a  battery  known  as  the  Washington  Artillery.  In 
one  of  the  larger  skirmishes,  while  acting  as  Adjutant,  he  was  severely 
wounded  in  the  head  and  disabled  for  several  months. 

After  the  close  of  the  war  Mr.  Coffin  secured  such  employment  as 
was  available  in  that  unhappy  region,  teaching  school,  surveying,  and, 
with  his  father,  even  translating  into  English  the  German  novel, 
"Merchant  of  Berlin",  by  Miihlbach. 

In  1867  he  was  engaged  by  the  Phoenix  Iron  Company,  at  Phoenix- 
ville.  Pa.,  in  making  designs  and  estimates  on  iron  structures.  He 
made  a  survey  of  the  plant  of  the  Company  and  of  a  large  part  of 
the  Town  of  Phoenixville,  and  designed  most  of  the  mills  and  shops 
there.  Mr.  Coffin  edited  the  handbook  of  the  Company,  which  was 
the  first  of  its  kind  and  has  been  so  generally  copied  by  all  makers 
of  structural  shapes.  The  graphical  table  showing  the  values  of  beams 
for  various  spans  and  floor  loads  was  originated  and  copyrighted  by 
him  in  1885. 

He  had  an  exceedingly  fine  sense  of  the  proper  proportion  in  all 
things,  and  was  most  painstaking  to  secure  the  best  results.  His 
designs  for  the  rolls  with  which  the  Company  made  the  various  sec- 
tions remained  unchanged  until  the  Standard  Sections,  now  in  general 
use,  were  adopted,  and  from  which  they  differ  but  slightly. 

In  N'ovember,  1885,  Mr.  Coffin  became  Chief  Engineer  of  the 
Phoenix  Iron  Company  and  remained  in  that  capacity  until  March, 
1896.     He  designed  the  structural  features  of  many  of  the  notable 

*  Memoir  prepared  by  T.  Amory  Coffin,  M.  Am.  Soc.  C.  E. 
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buildings  of  that  period,  among  them  being  Madison  Square  Garden, 
Xew  York,  the  Crocker  Building,  San  Francisco,  which  was  provided 
mth  earthquake  bracing,  the  Provident  Life  and  Trust  Company 
Building,  Philadelphia,  the  Equitable  Building,  Baltimore,  and  numer- 
ous buildings  for  the  Government  in  Washington  in  connection  with 
the  Supervising  Architect's  office. 

In  1896,  Mr.  Coffin  moved  to  New  York  City  to  take  charge  of  the 
engineering  work  of  the  well-known  architect,  the  late  George  B. 
Post,  M.  Am.  Soc,  C.  E.,  with  whom  he  was  associated  until  1909. 

During  this  period  many  buildings  of  considerable  importance 
came  under  Mr.  Coffin's  supervision,  among  them  being  the  St.  Paul 
Building,  New  York,  and  the  New  York  Stock  Exchange,  where  many 
exacting  conditions  of  structure  and  foundation  were  successfully  met. 

He  prei)ared  the  engineering  designs  for  the  College  of  the  City 
of  New  York,  the  Prudential  Life  Insurance  Company  buildings  and 
the  Mutual  Benefit  Building  in  Newark,  N.  J.,  the  Vincent  Building, 
New  York  City,  and  the  Wisconsin  State  Capitol,  at  Madison.  In 
the  design  of  the  steelwork  for  the  Williamson  Building,  Cleveland, 
Ohio,  he  utilized  the  features  of  the  then  popular  Z-bar  column  to 
economize  on  the  floor  system  and  column  design  by  allowing  the 
girders  to  pass  through  the  columns  on  their  central  axes,  thus  securing 
the  benefits  of  cantilever  construction  and  central  column  loading. 

Mr.  Coffin  also  was  Consulting  Engineer  for  Messrs.  Phelps,  Dodge 
and  Company  on  the  bridge  at  El  Paso,  Tex.,  and  for  several  other 
bridges  on  the  line  of  the  El  Paso  and  Southwestern  Railway. 

He  was  of  a  quiet  and  retiring  disposition,  and  spent  most  of 
his  time  with  his  family  and  his  friends.  Those  who  knew  him, 
either  in  a  business  or  social  way,  always  found  him  afi"able  and  kind; 
for  him  it  was  never  any  trouble,  but  rather  a  delight,  to  give  the  fullest 
explanation  possible  on  any  subject,  and  his  friends  often  availed 
themselves  of  his  great  store  of  information,  gathered  by  a  life  of  study 
and  of  experience  and  put  to  the  fullest  possible  use.  For  several  years 
Mr.  Coffin  was  President  of  the  Board  of  Health  of  Phoenixville.  and 
a  Trustee  of  the  Phcenixville  Library. 

On  January  14th,  1868,  he  was  married  to  Emma  Hopkinson,  of 
Edisto  Island,  S.  C.  In  1912,  he  returned  to  Phoenixville  where  he 
resided  until  the  death  of  his  wife,  on  February  15th,  1916.  On 
account  of  his  failing  health,  it  became  necessary  to  seek  a  more  suitable 
climate,  and  in  March  of  that  year  he  moved  to  the  home  of  his  son, 
Francis  H.  Coffin,  at  Scranton,  Pa.,  where,  after  several  recoveries 
and  relapses,  he  finally  passed  away  on  June  5th.  1916. 

He  is  survived  by  three  sons,  Thomas  Amory  Coffin.  M.  Am.  Soc. 
C.   E.,   Francis  Hopkinson   Coffin,   and  Laurence   Edmondston   Coffin. 

Mr.  Coffin  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  3d,  1875. 
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ASA  IJETTS  FITCH.  >I.  Am.  Soc.  ('.  E.* 


Died  March  11th,  1916. 


Asrt  Betts  Fitch,  the  eldest  son  of  Charles  and  Elizabeth  Marilla 
(Betts)  Fitch,  was  born  on  a  farm  near  Ellsworth,  Ohio,  on  June 
17th,  1840.  He  was  a  lineal  descendant  of  Thomas  Fitch,  the  Colonial 
Governor  of  Connecticut  under  King  George  III. 

In  1847.  his  parents  removed  to  Woodstock,  111.,  where  he  studied 
at  public  and  private  schools  until  1857,  when  the  family'  removed  to 
Stacyville,  Iowa.  In  this  new  country  advanced  educational  facilities 
were  lacking,  and  during  1858  and  1859,  Mr.  Fitch  worked  on  the 
farm  during  the  summer  and  taught  country  schools  in  the  winter.  In 
1860,  he  taught  school  at  Mitchell,  Iowa,  and  prepared  for  college  with 
a  private  tutor. 

The  call  to  arms  in  the  Civil  War,  however,  over-ruled,  in  his 
mind,  all  private  affairs,  and  he  volunteered.  He  took  part  in  raising 
a  company  at  Stacyville,  Iowa,  in  which  he  enlisted  as  private,  be- 
coming First  Sergeant  on  its  organization.  This  company  became  H 
in  the  Fourth  Iowa  Cavalry,  in  which  regiment  he  was  in  active 
service  in  the  field  until  the  end  of  the  war,  serving  in  many  engage- 
ments in  Missouri,  Kansas,  Arkansas,  Mississippi,  and  Alabama,  and 
never  off  duty.  He  was  wounded  in  action  in  command  of  his  com- 
pany at  Marianna,  Ark.,  was  rapidly  promoted  until  he  became 
Captain,  and  was  recommended  for  promotion  to  Brevet-Major  by 
his  Brigade,  Division,  and  Corps  Commanders  "for  great  gallantry" 
in  battle.  During  the  last  year  of  the  war,  Captain  Fitch  was  detached 
as  Aide  and  then  as  Acting  Assistant  Quartermaster-General  on  the 
staff  of  General  Winslow,  commanding  brigade  and  division. 

Aanong  the  many  campaigns  in  which  he  was  engaged  were  those 
in  which  Vicksburg  was  taken,  Price's  army  was  destroyed  in  Missouri 
and  Kansas,  Forrest  was  defeated  in  Mississippi,  and  Wilson's  column 
of  cavalry  swept  through  Alabama  and  Georgia,  the  greatest  and 
most  successful  cavalry  campaign  in  history. 

Captain  Fitch  was  an  ideal  soldier — tall,  straight,  of  fine  military 
bearing;  decided  in  speech,  yet  of  few  words;  careful  of  his 
men  yet  keeping  his  hand  sternly  on  the  reins  of  duty;  bold  yet 
not  reckless;  always  ready  for  orders  and  instantly  zealous  in  their 
execution.  If  he  had  chosen  a  military  career,  he  must  have  become 
an  admirable  soldier  and  a  distinguished  commander. 

At  the  end  of  his  military  service,  Captain  Fitch  decided  that  he 
was  too  old  to  enter  college,  but  this  did  not  alter  his  determination 

•  Memoir  prepared  by  the  Secretary  from  information  furnished  by  the  family 
and  on  file  at  the  Society  House. 
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to  become  a  Civil  Engineer,  although  this  decision  meant  an  uphill 
course  of  study  and  practical  work  at  the  same  time,  and  resulted  in  his 
being  a  student  all  his  life. 

Having  suffered  much  from  malaria  during  the  last  year  of  his 
Army  service  and  being  unfit  for  work,  he  spent  the  summer  and 
winter  of  1865-66  in  visiting  relatives  in  New  Hampshire  and  hunting 
in  Northern  Iowa. 

In  the  spring  of  1866,  Captain  Fitch  entered  the  employ  of  the 
National  Express  Company  in  Cincinnati,  Ohio,  as  "Route  Agent", 
under  his  old  Commander,  General  Winslow.  With  the  idea  of  carry- 
ing out  his  plan  of  becoming  a  Civil  Engineer,  however,  he  applied 
to  the  late  Grenville  M.  Dodge,  Hon.  M.  Am.  Soc.  C.  E.,  Chief  Engi- 
neer of  the  Union  Pacific  Railroad,  then  being  commenced,  for  a 
position  with  the  Engineering  Corps.  Gen.  Dodge  appointed  him 
Division  Engineer  of  the  road  in  Nebraska,  but,  after  consideration. 
Captain  Fitch  declined  the  appointment  to  go  with  Gen.  Winslow 
on  the  Vandalia  Railroad  then  being  projected.  Work  on  this  road 
was  begun  in  the  Spring  of  1867,  and  Captain  Fitch  continued  in  the 
employ  of  the  Company  under  Col.  Carswell  McClellan  and  the  late 
E.  C.  Rice,  M..  Am.  Soc.  C.  E.,  until  the  road  was  purchased  by  the 
Pennsylvania  Railroad  Company  in  1869,  having  been  promoted  from 
Chainman  to  Assistant  Engineer. 

Captain  Fitch  then  entered  the  service  of  the  Evansville,  Terre 
Haute  and  Chicago  Railroad  Company  as  Transitman  on  preliminary 
survey  and  location,  and,  in  1870,  when  construction  was  begun, 
he  was  put  in  charge  of  a  division  of  22  miles,  which  included  a 
bridge  across  the  Wabash  River,  at  Clinton,  Ind.  When  the  road 
was  completed  and  opened  in  1871,  he  was  made  Chief  Engineer, 
Roadmaster,  and  Paymaster.  He  retained  these  positions,  planning  the 
yards,  shops,  etc.,  at  Danville,  111.,  and  Terre  Haute,  Ind.,  laying 
out  short  branch  lines  to  coalfields,  etc.,  until  early  in  1873  when 
he  leased  80  acres  of  coal  lands  east  of  the  Wabash  River,  near  Clinton, 
Ind.  For  a  year  the  enterprise  proved  successful,  but  the  financial 
panic  and  strikes  of  that  period  made  the  situation  desperate  for 
the  owners,  and  to  control  competition.  Captain  Fitch  organized  a 
combination  of  all  the  Clinton  mines,  of  which  he  became  President 
and  Sales  Agent.  After  five  years  of  exacting  labor,  he  accepted  an 
offer  for  his  entire  coal  interests  which  left  him  without  any  reward 
for  his  work.  During  this  strenuous  period  he  had  also  laid  out  and 
supervised  the  construction  of  4  miles  of  gravel  road  running  west 
from  Clinton,  which  was  a  marked  success  and  attracted  much  atten- 
tion among  road  builders  throughout  the  State  of  Indiana. 

In  1878,  Captain  Fitch  served  one  term  as  City  Engineer  of  Terre 
Haute,   Ind.,   and   in   that   capacity   built    sewers   and   gravel   streets. 
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re-surveyed  the  City,  and  lyarked  the  streets  with  permanent  monu- 
ments. 

In  1879,  after  building  a  bridge  over  White  River  on  the  Evniis- 
ville  and  Crawfordsville  Railroad,  he  was  appointed  Chief  Engineer 
of  the  Terre  Haute  and  Southeastern  Railroad,  which  position  he 
retained  for  nearly  two  years.  He  located  and  built  an  extension  of 
11:  miles  from  Clay  City  to  Worthington,  Ind.,  extended  the  road  to 
connections  with  other  roads  in  Terre  Haute,  and  built  several  short 
branches  to  coal  mines  in  the  vicinity. 

Late  in  the  summer  of  1880,  Captain  Fitch  was  made  Chief  Engi- 
neer on  the  extension  of  the  Terre  Haute  and  Logansport  Railroad 
from  Logansport  to  South  Bend,  a  distance  of  67  miles,  and  it  was 
on  this  work  that  his  reputation  as  a  Location  Engineer  of  much  more 
than  average  ability,  was  made. 

Before  the  completion  of  his  work  on  the  Logansport  Extension, 
he  was  appointed  Superintendent  of  Construction  of  the  Government 
Building  at  Terre  Haute,  Ind.,  but  a  political  change  at  Washington 
compelled  him  to  resign  before  he  had  completed  the  work. 

During  1885  and  until  the  autumn  of  1886,  Captain  Fitch  was 
engaged  in  a  survey  for  8  miles  of  railroad  through  the  coalfields  of 
Illinois;  on  a  report  on  a  railroad  site  and  coalfield  in  the  Black  Hills 
of  South  Dakota ;  and  on  an  investigation  of  gold  and  silver  mines 
in  Mexico,  for  various  financial  interests. 

During  the  college  term  of  1886-87,  he  occupied  the  Chair  of  Civil 
Engineering  at  Rose  Polytechnic  Institute,  taking  the  place  of  a 
professor  who  had  resigned  just  before  the  term  began.  Although 
without  college  training  himself,  he  was  very  successful  in  this  work 
and  was  urged  to  continue  it,  but  he  declined,  and  late  in  1887,  he  was 
engaged  to  re-measure  some  heavy  rock  excavation  on  the  Nashville  and 
Knoxville  Railroad  in  Tennessee.  In  1888,  he  was  made  Chief  Engi- 
neer of  that  road,  building  the  bridge  across  the  Caney  Fork  of  the 
Cumberland  River  and  completing  the  road  to  Cookville. 

During  the  winter  of  1888-89,  Captain  Fitch  made  an  examination 
and  estimate  for  the  completion  of  80  miles  of  railroad  from  New 
Castle,  Pa.,  to  Akron,  Ohio,  for  some  New  York  financiers.  Early 
in  1889,  he  returned  to  the  Mission  Coal  Field  in  Indiana,  in  which 
he  had  never  quite  lost  his  early  interest,  and  obtaining  options  for 
the  purchase  of  the  lands  covering  those  fields,  he  made  plans  and 
estimates  for  a  railroad  to  tap  that  region.  He  submitted  all  the 
data  to  the  General  Manager  of  the  Illinois  Central  Railroad  and 
while  the  officials  of  that  road  were  considering  the  proposition, 
Captain  Fitch  went  to  Texas  and  made  an  examination  and  report 
on  an  extension  of  the  Austin  and  Northwestern  Railroad  from  Burnet 
to    Granite    Mountain,    which    was    afterward    constructed.      On    his 
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return  to  Indiana,  he  found  that  the  Illinois  Central  had  decided 
not  to  use  his  plans,  and,  his  options  on  the  Mission  Coal  Field  having 
about  expired,  he  sold  them  to  the  Consolidated  Coal  Company  of 
St.  Louis,  Mo.,  and  that  Company  afterward  developed  the  field  on 
his  plans. 

In  1889,  after  making  a  preliminary  survey  for  a  railroad  up  the 
valley  of  Green  River,  from  Henderson  to  Bowling  Green,  Ky.,  about 
100  miles  (which  was  never  built),  Captain  Fitch  went  to  Nevada, 
in  the  interests  of  some  New  York  investors,  to  report  on  a  coal 
property.  This  work  was  followed  by  reconnaissances  for  the  relo- 
cation of  the  Terre  Haute  and  Indianapolis  Railroad  in  the  vicinity 
of  Rockville,  Ind.,  and  also  for  the  Vandalia  Line,  both  of  which  were 
afterward  built. 

Early  in  1890,  Captain  Fitch  went  to  Chattanooga,  Tenu.,  to 
examine  and  report  on  coal  land  in  Southern  Tennessee,  and  remained 
to  take  charge  of  various  financial  projects  for  Mr.  Jere  Baxter,  of 
Nashville,  Tenn.  Among  these  projects  were  the  management  of 
Lookout  Inn,  a  railroad  running  from  the  city  to  the  Inn,  a  coalfield 
on  Lookout  Mountain,  and  a  Belt  Railroad  around  Chattanooga.  He 
was  very  successful  in  the  management  of  these  interests,  but  preferred 
engineering,  and  after  Mr.  Baxter's  return.  Captain  Fitch  went  to 
Florida  to  study  the  occurrence  and  working  of  phosphate  deposits  in 
that  State. 

In  the  fall  of  1890,  he  went  to  Salt  Lake  City,  Utah,  to  examine 
and  report  on  the  Utah  Central  Railroad  for  English  financiers.  In 
1891,  Captain  Fitch  examined  and  located  an  extension  of  the  Dan- 
ville, Olney  and  Ohio  Railroad  from  Sidell  to  Chicago,  with  an 
estimate  of  the  cost,  for  some  promoters,  but  the  scheme  failed. 

In  the  latter  part  of  1891,  he  was  asked  to  report  on  some  vitrified 
brick  paving  contracts  which  had  been  made  by  the  Common  Council 
of  Terre  Haute,  by  a  Committee  which  was  investigating  the  matter, 
and  after  much  persuasion,  Captain  Fitch  was  prevailed  on  to  accept 
the  appointment  of  City  Engineer  and  finish  the  work.  At  this  time 
vitrified  brick  paving  was  a  novelty,  and  as  there  were  no  standards 
to  work  by,  he  had  to  "blaze  the  way".  His  work  was  successful,  but 
as  soon  as  it  was  completed  he  resigned. 

In  1893,  Captain  Fitch  went  to  Magdalena,  N.  Mex.;  to  erect  hoist- 
ing machinery  in  the  Graphic  Mine  at  that  place,  for  Terre  Haute 
and  Philadelphia  promoters.  He  expected  to  remain  only  a  few  weeks, 
but  stayed  eleven  years,  removing  his  family  there  in  December,  1896. 
After  developing  the  property,  he,  in  June,  1896,  leased  the  entire 
plant,  built  a  smelter  for  his  ore,  and  a  tram-road  to  the  mine.  In 
the  summer  of  1902  the  ore  in  the  property  was  apparently  exhausted, 
and  the  smelter  was  shut  down.     After  many  financial  and  legal  vicissi- 
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tudes,  in  the  summer  of  1903,  replacement  ore  was  discovered.  This 
increased  greatly  the  value  of  the  Graphic  property,  and,  on  March 
30th,  1904,  it  was  sold  to  the  Sherwin-Williams  Paint  Company,  of 
Cleveland,  Ohio,  and  Captain  Fitch  removed  his  family  to  California. 

In  1905,  they  settled  in  Hollywood,  where  Captain  Fitch  organized 
the  Temescal  Eock  Company  of  which  he  was  President  and  Man- 
ager until  his  death  on  March  11th,  1916. 

He  was  married  on  January  15th,  1868,  to  Miss  Amelia  Pauline 
Grimes,  the  daughter  of  James  and  Mary  Ann  (Tobin)  Grimes,  old 
and  prominent  residents  of  Portsmouth,  Ohio,  and  she,  with  four 
sons  and  three  daughters,  survives  him. 

Captain  Fitch  was  peculiarly  a  home  body,  loving  his  home  and 
family,  and  only  his  intimate  friends  knew  the  broad  scope  of  his 
information,  his  splendid  mental  poise,  his  rare  executive  ability,  his 
kindly  management  of  men,  and  his  genial  nature. 

He  was  a  member  of  the  Masonic  Fraternity,  the  Loyal  Legion, 
and  of  St.  Stephen's  Protestant  Episcopal  Church,  of  Hollywood,  Cal. 

Captain  Fitch  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  March  6th,  1884. 


FREDERIC  CHARLES  KUNZ,  M.  Am.  Soc.  C.  E.* 


Died  May  3d,  1916. 


Frederic  Charles  Kunz  was  born  in  Prague,  Austria,  on  January 
19th,  1862,  and  completed  his  technical  studies  at  the  Poly  technical 
School  in  that  city,  from  which  he  was  graduated  in  1886.  He  spent 
the  next  5  years  in  the  service  of  the  Austrian  Northern  (Kaiser 
Ferdinand)  Railroad,  as  Assistant  Engineer  on  important  construc- 
tion work,  comprising  about  200  miles  of  new  lines.  Young  as  he 
was,  he  already  showed  such  conspicuous  ability,  that  he  was  also 
given  charge  of  the  construction  of  iron  and  masonry  bridges. 

In  the  summer  of  1891,  Mr.  Kunz  came  to  the  United  States  and 
found  employment  as  Assistant  Engineer  in  the  Bridge  and  Construc- 
tion Department  of  the  Pencoyd  Iron  Works,  in  Philadelphia,  Pa.  He 
remained  with  this  Company,  except  for  the  period  from  1893  to  1896, 
during  which  he  was  engaged  in  designing  steel  and  masonry  bridges 
in  the  Bureau  of  Surveys,  Department  of  Public  Works  of  Phila- 
delphia, until  it  was  absorbed  by  the  American  Bridge  Company.  He 
tlien  became  Assistant  to  the  late  C.  C.  Schneider,  Past-President, 
Am.  Soc.  C.  E.,  the  Vice-President  and  Chief  Engineer  of  that 
Company,  with  whom  he  remained  until  the  summer  of  1903. 

*  Memoir  prepared  by  Gustav  Lindenthal,  M.  Am.  Soc.  C.  E. 
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The  most  important  work  on  which  Mr.  Ivunz  was  engaged  during 
his  connection  with  the  Pencoyd  Iron  Works  was  the  working  up  of 
the  erection  plans  for  the  Clifton  Arch  Bridge  for  highway  traffic, 
immediately  below  Niagara  Falls.  This  bridge  was  designed  by  the 
late  L.  L.  Buck,  M.  Am.  Soc.  C.  E.,  the  Pencoyd  Iron  Works  being 
the  contractors.  Mr.  Kunz  had  also  much  to  do  with  the  checking 
of  the  strain  sheets  and  details  of  construction,  and  afterward  of 
laying  out  the  system  of  erection,  which  had  many  novel  and  difficult 
features. 

Later  in  1903,  he  was  appointed  by  the  writer,  at  that  time  Com- 
missioner of  Bridges  of  New  York  City,  to  the  position  of  Consulting 
Engineer  of  the  Bridge  Department,  where  he  took  an  active  and 
important  part  in  the  preparation  of  the  specifications  and  plans  for 
the  Manhattan  Bridge  and  the  Queensborough  Bridge.  Early  in  1904, 
he  resigned  to  become  Chief  Engineer  of  the  Bridge  Department 
of  the  Pennsylvania  Steel  Company,  in  Steelton,  Pa.,  where  he 
remained  for  several  years. 

The  most  prominent  work  of  which  Mr.  Kunz  had  charge  during 
this  period  was  the  fabrication  of  the  Queensborough  Bridge.  When, 
in  1908,  the  safety  of  this  bridge  became  a  subject  of  controversy, 
he  wrote  a  comprehensive  report  on  it.  During  his  connection  with 
the  Pennsylvania  Steel  Company,  he  designed  a  large  number  and 
variety  of  railroad  bridges  which  were  fabricated  in  Steelton.  It 
was  at  this  time  that  he  commenced  to  write  his  book  on  "Design  of 
Steel  Bridges",  for  which  he  had  accumulated  data  and  material  for 
many  years  previously. 

His  last  construction  work  was  the  steel  arch  highway  bridge 
at  St.  Johns,  New  Brunswick,  over  the  St.  Johns  River,  which  was 
built  to  replace  an  old  wire  suspension  bridge  at  the  same  place.  In 
the  preparation  of  these  plans,  he  was  associated  with  his  friend, 
Mr.  C.  C.  Schneider,  whom  he  followed  in  death  within  4  months. 

The  personal  and  professional  life  of  Mr.  Kunz,  was  simple  and 
unostentatious  and  although  an  engineer  of  exceptional  capacity  and 
attainments  in  his  particular  branch,  steel  bridge  engineering,  he 
was  not  as  widely  known  as  his  worth  deserved,  because  of  his  innate 
modesty.  His  name,  however,  will  remain  known  to  bridge  engineers 
through  his  work  on  "Design  of  Steel  Bridges",  in  which  he  perpetu- 
ated his  fine  analytical  mind,  as  well  as  his  practical  experience.  His 
book  is  not  only  a  valuable  gift  to  the  bridge  specialist,  but  an  honor 
to  the  Profession  at  large,  which  esteems  and  appreciates  engineering 
ability  of  high  quality. 

To  those  who  enjoyed  Mr.  Kunz's  intimacy  and  friendship,  he 
will  remain  unforgotten  through  his  charming  and  pleasant  person- 
ality.    A  great  fund  of  wit,  a  wide  range  of  reading,  a  love  of  higher 
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music,  a  deep  sense  of  right,  and  a  philosophic  wisdom  in  human  aiFairs, 
made  conversation  and  social  intercourse  a  privilege  and  pleasure  to 
those  of  his  friends  to  whom  he  chose  to  unbosom  himself. 

Mr.  Kunz's  health  had  been  poor  for  several  years,  and  it  is  deplor- 
able that  such  a  useful  life  as  his  should  have  been  cut  short  by  his 
imtimely  death.  He  left  no  relatives  in  this  country,  but  is  survived 
by  a  son  and  a  nephew  who  live  abroad. 

Mr.  Kunz  was  elected  an  Associate  Member  of  the  American  Society 
of  Civil  Engineers  on  February  6th,  1895,  and  a  Member  on  December 
7th,  1898. 


ERNEST  FREDERICK  TABOR,  M.  Am.  Soc.  C.  E.* 


Died  August  20th,  1916. 


Ernest  Frederick  Tabor  was  born  at  Worcester,  Mass.,  on  February 
26th,  1866.  In  his  youth,  his  parents  moved  to  California,  where  he 
received  his  education  in  the  public  schools  and  at  the  University  of 
California. 

At  the  age  of  21,  Mr.  Tabor  began  his  engineering  career,  in  the 
office  of  the  San  Diego  Flume  Company,  and  was  connected  in  various 
engineering  capacities  with  a  number  of  large  enterprises  in  Southern 
California.  In  1890  he  made  the  preliminary  investigations  for  the 
Escondido  Irrigation  District,  and  in  1894-95,  as  Chief  Engineer, 
he  had  charge  of  the  construction  of  the  Escondido  Dam,  a  rock-fill 
structure  of  note,  which  has  been  described  in  many  engineering 
papers.  He  also  had  charge  of  the  construction  of  canals  and  pipe 
lines  to  reach  about  3  000  acres  of  settlers'  lands. 

During  1900  Mr.  Tabor  was  engaged  in  the  location  and  construc- 
tion of  a  20-mile,  wood-stave  pipe  from  the  Lower  Otay  Eeservoir 
to  San  Diego.  This  work  included  several  tunnels  and  an  earth  dam. 
Mr.  Tabor's  general  engineering  practice  in  Escondido,  Cal.,  included 
work  on  street  grades  and  water-works  for  the  Towns  of  Escondido, 
Elsinore,  and  San  Jacinto,  Cal.  In  1902,  he  had  charge  of  the  opera- 
tion of  the  works  of  the  Escondido  Irrigation  District,  but  resigned 
later  to  take  up  similar  work  with  the  Sweetwater  Water  Company,  at 
National  City,  Cal. 

In  1904,  Mr.  Tabor  resigned  his  position  with  the  Sweetwater  Water 
Company  to  enter  the  service  of  the  United  States  as  Assistant  Engi- 
neer in  the  Reclamation  Service,  and  after  6  months  he  was  appointed 
Engineer.  The  next  three  years  were  spent  on  assignments  on  the 
Shoshone  Project,  Wyoming,  where  his  principal  work  was  the  loca- 
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tion  and  construction  of  the  Garland  Main  Canal  and  some  of  its 
principal  laterals.  He  was  then  placed  in  charge,  as  Project  Manager, 
of  an  irrigation  project  on  the  Flathead  Indian  Reservation,  with 
headqiiarters  at  St.  Ignatius,  Mont.,  which  position  he  held  until  his 
death.  The  work  there  was  of  a  pioneer  character,  and  included  topo- 
graphical surveys  and  studies  of  stream  flow,  followed  by  surveys  and 
formulation  of  plans  for  serving  about  150  000  acres  of  irrigable  land, 
and  using  the  flow  of  about  sixty  small  streams  for  this  purpose, 
making  a  very  complicated  system.  Mr.  Tabor  considered  the  devel- 
opment of  these  plans  the  most  difficult  and  important  work  he  had 
ever  undertaken.  While  in  charge  of  the  Flathead  work,  he  was 
also  occasionally  called  on  for  consultation  regarding  the  principal 
canals  on  the  Blackfeet,  Milk  River,  Shoshone,  and  Sun  River 
Projects,  of  the  Reclamation  Service,  as  he  was  considered  an  expert 
specialist  in  canal  location  and  construction. 

Mr.  Tabor  died  at  St.  Ignatius,  Mont.,  from  peritonitis. 

On  May  10th,  1893,  he  was  married  to  Miss  Gertrude  M.  Smith, 
who,  with  two  children,  survives  him. 

Mr.  Tabor  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  May  Ist,  1907. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


September  20th,  1916. — The  meeting  was  called  to  order  at  8.30 
P.  M. ;  J.  Waldo  Smith,  M.  Am.  Soc.  C.  E.,  in  the  chair ;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  202  members  and  39  guests. 

A  paper  by  Israel  V.  Werbin,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Tunnel  Work  on  Sections  8,  9,  10,  and  11,  Broadway-Lexington 
Avenue  Subway,  New  York  City",  was  presented  by  the  author  and 
illustrated  with  lantern  slides. 

A  communication  on  the  subject  by  Maurice  Griest,  Esq.,  was  read 
by  the  Secretary,  and  the  paper  was  discussed  by  Messrs.  T.  Kennard 
Thomson,  John  H.  Madden,  Kobert  H.  Jacobs,  John  H.  Myers,  H.  G. 
Moulton,  W.  J.  Boucher,  Eob^t  Eidgway,  C.  V.  V.  Powers,  and  the 
author. 
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The  Secretary  annoiinced  the  election  of  the  following  candidates 
on  September  12th,  1916: 

As  Members 

James  Murray  Boyle,  New  York  City 

John  Lafayette  Brower,  Toronto,  Out.,  Canada 

John  Ryan  Burke,  Boston,  Mass. 

John  Carson,  Duluth,  Minn. 

Louis  Reno  Cobb,  New  York  City 

Edward  Kirk  Coe,  Diiluth  Minn. 

Joachim  Gotsche  Giaver,  Chicago,  111. 

Meier  George  Hilpert,  Harrisburg,  Pa. 
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Chester  Nelson  Reitze,  Seattle,  Wash. 
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Arturo  Rodriguez,  Ithaca,  N.  Y. 

Ernest  George  Schurig,  Lincoln,  Nebr. 

Fenwick  Fenton  Skinner,  New  York  City 

Milton  Theodore  Thompson,  New  York  City 

Miguel  Triana,  Bogota,  Colombia 

William  Gordon  Woolfolk,  Chicago,  HI. 

As  Associate  Members 

John  Waddington  Harry  Barnes,  Madera,  Cal. 
John  Arthur  Beemer,  Boise,  Idaho 
Charles  Renwick  Breck,  Jr.,  Anchorage,  Alaska 
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Charles  Albert  Cummins,  Baltimore,  Md. 
Thomas  Austin  Currie,  Jr.,  Boston,  Mass. 
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Allen  Douglas  Duck,  Greenville,  Tex. 
Philip  Norrison  Fawcett,  Tientsin,  China 
Victor  Leroy  Flxen,  St.  Paul,  Minn. 
Alexander  Vincent  Gallogly,  New  York  City 
William  Richard  Gelston,  Quincy,  HI. 
William  Albert  Grover,  Dover,  N.  H. 
John  Lechmere  Guppy,  Port  of  Spain,  Trinidad 
Herman  Henry  Hanink,  Palos  Park,  HI. 
Harlan  Tylee  Hare,  Duluth,  Minn. 
Carl  James  Herbold,  Cleveland,  Ohio 
George  Martin  Hopkinson,  New  York  City 


October,  1!)U>.]  MINUTES   OF   MKETINGS  647 

John  Spence  Howaho,  Baltimore,  Md. 
Arthur  David  Hyman,  New  York  City 
Nathan  Clarke  Johnson,  New  York  City 
Edward  Lindley  Jones,  Evanston,  111. 
Earl  Foster  Kelley,  Ames,  Iowa 
Percy  Mapes  Lau,  Detroit,  ]\licli. 
Alexander  Eoss  Leckie,  Dallas,  Tex, 
Leon  Roderick  Mackenzie,  Chicago,  HI. 
John  Joseph  McCabe,  Troy,  N.  Y. 
William  Lamson  McCarty,  Santo  Domingo, 

Dominican  Republic 
Carl  Arthur  McClain,  Emerson,  Iowa 
Erwin  Maerker,  Jackson,  Mich. 
William  Whipple  Michael,  Wallkill,  N.  Y. 
Jewett  Beach  Newton,  Boston,  Mass. 
Albert  Colwell  Norton,  Denver,  Colo. 
Solomon  Reswick,  Utica,  N.  Y. 
Fred  Denniston  Sayer,  Brookville,  Pa. 
John  George  Schmidt,  Norwood,  Ohio 
John  Rock  wood  Sherman,  Meadow  Creek,  Wash. 
Benjamin  Alvan  Sleeper,  Camden,  N.  J. 
Clark  Dee  Sniggs,  Manila,  Philippine  Islands 
Burt  Stimson,  Seattle,  Wash. 
Arthur  Ducat  Stivers,  Pittsburg,  Tex. 
Horace  Stringfellow,  Alexandria,  Va. 
Joseph  C.  Thoma,  Salt  Lake  City,  Utah 
Martin  Wilhelm  Torkelson,  Madison,  Wis. 
Kells  Emmett  Traylor,  Winona,  Miss. 
WiNSLOw  Barnes  Watson,  Albany,  N.  Y. 
Wilfred  Ashenhurst  White,  Portland,  Ore. 
Rudolph  James  Wig,  Washington,  D.  C. 

As  Associates 

Albert  Farwell  Bemis,  Boston,  Mass. 
Howard  Emerson  Church,  Springfield,  Mass. 
Edward  Kimball  Fenno,  Syracuse,  N.  Y. 
Roy  Artimus  Manwaring,  Philadelphia,  Pa. 
William  Lewis  Stancliffe,  New  York  City 

As  Juniors 

Harry  Samuel  Andrews,  Jackson,  Tenn. 
Clifford  Aull  Betts,  Mariel,  Cuba 
Kendal  Benjamin  Bragg,  Dayton,  Ohio 
George  Dashiell  Camp,  Boston,  Mass. 
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James  Leslie  Cheatham,  New  York  City 

Donald  Gladstone  Coombs,  Meadow  Creek,  Wash. 

Alberto  Dupuy,  Bogota,  Colombia 

Benjamin  Hurt  Hardaway,  Jr.,  Whitney,  N.  C. 

Walton  Harrington,  Newark,  N.  J. 

Gerald  Branch  Howard,  Nashville,  Tenn. 

William  Clark  Irwin,  St.  Louis,  Mo. 

Francis  Whittier  Johnson,  New  York  City 

Philip  Wheeler  Kniskern,  Chicago,  111. 

Edward  Aloysius  Short,  Grand  Mere,  Que.,  Canada 

Bay  Newhall  Spooner,  Brooklyn,  N.  Y. 

Maximilian  Steinberg,  New  York  City 

George  Albert  Tilton,  Jr.,  Los  Angeles,  Cal. 

Lloyd  Woolsey  Weed,  New  York  City 

Wendell  Howard  Woolworth,  Hanover,  N.  H. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  September  12th,  1916: 

From  Associate  Member  to  Member 

Irving  Clinton  Brower,  Evanston,  111. 

Ralph  Haney  Burke,  Chicago,  111. 

Camden  Page  Fortney,  Pilcher,  Ky. 

William  Isaac  Nolen,  Copperhill,  Tenn. 

William  Watters  Pagon,  Baltimore,  Md. 

Charles  Victor  Seastone,  Madison,  Wis. 

Ira  Otis  Thorley,  Denver,  Colo. 

Howard  Moore  Turner,  Turners  Falls,  Mass. 

Achille  Octave  Van  Suetendael,  Albany,  N.  Y. 

From  Junior  to  Associate  Member 

Harold  Eaton  Babbitt,  Urbana,  111. 
Herbert  Scandlin  Battie,  Atlanta,  Ga. 
William  Blair  Bovyer,  San  Francisco,  Cal. 
Charles  Frederick  Breitzke,  Boonton,  N.  J. 
Carlyle  Hugo  Bryson,  Lima,  Ohio 
Antonia  Castillo  y  Grau,  Cienfuegos,  Cuba 
Howard  Foster  Clark,  San  Francisco,  Cal. 
John  Russell  Derrick,  Bluefield,  W.  Va. 
William  Bullard  Durant,  Turners  Falls,  Mass. 
Arthur  Ludwig  Enger,  Tucson,  Ariz. 
Edgar  Dow  Oilman,  Minneapolis,  Minn. 
Stuart  Chapin  Godfrey,  West  Point,  N.  Y. 
Peter  Davidson  Gunn  Hamilton,  Needham,  Mass. 
Charles  Royce  Hauke,  Harlem,  Mont. 
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Frank  Kay  Howe,  New  York  City 
Edavin  Hall  Marks,  West  Point,  N.  Y. 
William  Grover  Morrison,  Des  Moines,  Iowa 
Alexander  Stuart  Russell,  Richmond,  Cal. 
Carl  William  Schedler,  Jr.,  Pittsburg,  Cal. 
Hymen  Aaron  Seltzer,  St.  Louis,  Mo. 
Peter  Soo-Hoo,  Canton,  China 
George  Ernest  Strehan,  New  York  City 
James  Arthur  Thompson,  New  York  City 
Frederick  Williams,  New  London,  Conn. 
Alfred  Daniel  Wolfb\  Jr.,  Poughkeepsie,  N.  Y. 

The  Secretary  announced  the  following  deaths: 

Richard  Parkhurst  Bloss,  of  Mechanicsville,  N.  Y.,  elected  Mem- 
ber, January  6th,  1904;  died  May  22d,  1916. 

Charles  Adolphus  Caldwell,  of  Macon,  Ga.,  elected  Member, 
September  5th,  1911 ;  died  August  31st,  1916. 

Adjourned. 

October  4th,  1916. — The  meeting  was  called  to  order  at  8.30  P.  M.; 
Director  Arthur  S.  Tuttle  in  the  chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  141  members  and  23  guests. 

The  minutes  of  the  meeting  of  September  6th,  1916,  were  approved 
as  printed  in  Proceedings  for  September,  1916. 

A  paper  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  entitled  "Under- 
pinning Trinity  Vestry  Building  for  Subway  Construction",  was  pre- 
sented by  the  author  and  illustrated  with  lantern  slides.  A  communi- 
cation on  the  subject  from  J.  C.  Meem,  M.  Am.  Soc.  C.  E.,  was  read 
by  the  Secretary,  and  the  paper  was  discussed  by  Messrs.  T.  Ken- 
nard  Thomson,  James  F.  Fouhy,  Charles  Rufus  Harte,  Joseph  A.  A. 
Connelly,  J.  S.  Branne,  A.  W.  Buel,  and  the  author. 

The   Secretary   announced   the  following   deaths: 

Frank  McMillan  Stanton,  of  New  York  City,  elected  Member, 
February  1st,  1899;  died  September  11th,  1916. 

Robert  BLvmmond  Boynton,  of  Frankfort,  Ind.,  elected  Junior, 
May  6th,  1914;  Associate  Member,  April  18th,  1916;  died  September 
18th,  1916. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

November  ist,  191 6. — 8.30  P.  M. — A  regular  business  meeting  will 
be  held,  and  a  paper  by  F.  H.  Peters,  Assoc.  M.  Am.  Soc.  C.  E., 
entitled  "A  Complete  Method  for  the  Classification  of  Irrigable  Lands", 
will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  September,  1916. 

November  15th,  1916.— 8.30  P.  M. — At  this  meeting  a  paper  by 
Charles  A.  Ferry,  M.  Am.  Soc.  C.  E.,  entitled  "The  Yale  Bowl",  will 
be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

LIST  OF  NOMINEES  FOR  THE  OFFICES   TO  BE  FILLED  AT  THE 
ANNUAL  ELECTION,  JANUARY  17th,  1917 

The  list  of  nominees  for  the  offices  to  be  filled  at  the  Annual 
Meeting,  January  17th,  1917,  was  received  from  the  N^ominating 
Committee.  The  nominee  for  the  office  of  President,  having  declined 
the  nomination,  the  Board  of  Direction,  at  its  meeting  on  October 
10th,  I9I6,  selected  a  nominee,  completing  the  list  in  accordance  with 
Art.  VII,  Sec.  3,  of  the  Constitution.  The  list  has  already  been 
mailed  to  all  Corporate  Members : 

For  President  to  serve  one  year: 

George  H.  Pegram,  l^ew  York  City. 

For  Vice-Presidents  to  serve  two  years: 

George  "W.  Kittredge,  New  York  City. 

George  S.  Webster,  Philadelphia,  Pa. 

For  Treasurer  to  serve  one  year: 
George  W.  Tillson,  Brooklyn,  N.  Y. 

For  Directors  to  serve  three  years: 

Alfred  D.  Flinn,  New  York  City District  No.  1 

Lewis  D.  Eights,  New  York  City .District  No.  1 

William  R.  Hill,  Albany,  N.  Y District  No.  3 

Arthur  P.  Davis,  Washington,  D.   C District  No.  5 

W.  L.  Darling,  St.  Paul,  Minn District  No.  7 

R.  H.  Thomson,  Seattle,  Wash District  No.  12 

SEARCHES  IN  THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  searches 
have  been  made,  and  bibliographies  and  other  information  on  special 
subjects  furnished. 
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The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library, 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In 
that  case  the  material  may  be  reproduced  by  photography,  and  this 
can  be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which 
is  small.  This  method  is  particularly  useful  when  there  are  drawings 
or  figures  in  the  text,  which  would  be  very  expensive  to  reproduce 
by  hand. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  mider  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 
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LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

President,  H.  L.  Haehl;  Secretary,  E.  T.  Thurston,  57  Post  Street, 
San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
6  p.  M.,  at  the  Palace  Hotel,  on  the  third  Tuesday  of  February,  April, 
June,  August,  and  October,  and  the  third  Friday  of  December,  the 
last  being  the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

Colorado  Association,  Organized  1908. 

President,  Thomas  W.  Jaycox;  Secretary-Treasurer,  L.  R.  Hinman, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  m.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

June  loth,  1916 — The  Eighth  Annual  Meeting  was  called  to  order 
at  The  Denver  Athletic  Club;  President  John  E.  Field  in  the  chair; 
L.  R.  Hinman,  Secretary;  and  present,  also,  30  members  and  25  guests. 

The  minutes  of  the  meeting  of  May  13th,  1916,  were  read  and 
approved. 

President  Field  presented  an  address  on  "The  Engineer  in  the 
Business  World". 

The  Reports  of  the  Secretary-Treasurer,  the  Auditing  Committee, 
and  the  Nominating  Committee,  were  presented.  On  motion,  duly  sec- 
onded, the  reports  were  accepted  and  ordered  placed  on  file,  and  the 
Committees  were  discharged. 

Messrs.  W.  L.  Reynolds,  C.  S.  Lambie,  and  R.  W.  Toll  were  ap- 
pointed Tellers  to  canvass  the  ballots  for  officers  for  1916-17. 

Mr.  T.  B.  Stearns  addressed  the  meeting  on  the  work  of  the  Local 
Committee  in  connection  with  the  National  Industrial  Preparedness 
Board. 

The  Secretary  read  the  resolutions  adopted  by  the  Baltimore  Asso- 
ciation in  the  matter  of  appropriations  for  the  use  of  the  Maryland 
Board  of  Directors  on  Industrial  Preparedness. 

Attorney-General  Farrar,  State  of  Colorado,  addressed  the  meeting, 
commenting  on  statements  made  by  President  Field  in  his  address. 
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The  Secretary  announced  the  purchase  of  a  stereoptieon  for  the 
use  of  the  Association. 

On  the  report  of  the  Tellers,  the  following  officers  were  declared 
elected:  President,  Thomas  W.  Jaycox;  Vice-President,  Robert  Fol- 
lansbee;  Secretary-Treasurer,  L.  R.  Hinman. 

J.  B.  Lippincott,  M.  Am.  Soc.  C.  E.,  presented  a  paper  on  "The 
Construction  and  Operation  of  the  Los  Angeles  Aqueduct",  illustrating 
his  remarks  with  lantern  slides.  A  vote  of  thanks  was  tendered  Mr. 
Lippincott  for  his  interesting  paper. 

Adjourned. 

Atlanta  Association,  Organized  1912. 

President,  Paul  H.  Norcross;  Secretary-Treasurer,  Thomas  P. 
Branch,  Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  .which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

President.  H.  D.  Bush;  Secretary-Treasurer,  Charles  J.  Tilden, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

President,  Robert  Hoffmann;  Secretary-Treasurer,  George  H. 
Tinker,  Hickox  Building,  Cleveland,  Ohio. 

District  of  Columbia  Association,  Organized  1916. 

President,  A.  P.  Davis;  Secretary-Treasurer,  John  C.  Hoyt,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Illinois  Association,  Organized  1916. 

President,  Onward  Bates;  Secretary-Treasurer,  E.  N.  Layfield, 
4251  Vincennes  Avenue,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Louisiana  Association,  Organized  1914. 

President,  W.  B.  Gregory;  Secretary,  Charles  W.  Okey,  Tulane 
LTniversity,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Northwestern  Association,  Organized  1914. 

President,  W.  L.  Darling;  Secretary,  Ralph  D.  Thomas,  Minne- 
apolis, Minn.  ■' ' 

Philadelphia  Association,  Organized  1913. 

President,  Edward  B.  Temple;  Secretary,  W.  L.  Stevenson,  412 
City  Hall,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
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Club   of   Philadelphia,   1317    Spruce   Street,   on   the   first   Monday   in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

President,  J.  P.  Newell;  Secretary,  J.  A.  Currey,  194  North  13th 
Street,  Portland,  Ore. 

St.  Louis  Association,  Organized  1914. 

President,  J.  A.  Ockerson;  Secretary-Treasurer,  Gurdon  G.  Black, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

President,  N.  B.  Kellogg;  Secretary-Treasurer,  J.  P.  Comly,  4105 
Falcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized  1913. 

President,  A.  O.  Powell;  Secretary-Treasurer,  Carl  H.  Reeves, 
4722  Latona  Avenue,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  P.  M.,  on 
the  last  Monday  of  each  month,  at  The  Northold  Inn,  212  University 
Street. 

Southern  California  Association,  Organized  1914. 

President  William  Mulholland;  Secretary,  W.  K.  Barnard,  1105 
Central  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  June,  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized  1914* 

President,  Ulysses  B.  Hough;  Secretary,  A.  D.  Butler,  Spokane, 
Wash. 

Texas  Association,  Organized  iQi3' 

President,  John  B.  Hawley;  Secretary,  J.  F.  Witt,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

President,  E.  C.  La  Rue;  Secretary-Treasurer,  H.  S.  Kleinschmidt, 
306  Dooley  Building,  Salt  Lake  City,  Utah. 


October,  1916.]  ANNOUNCEMENTS  655 

MINUTES  OF   MEETINGS  OF 

SPECIAL   COMMITTEES 

TO   REPORT  UPON    ENGINEERING    SUBJECTS 

Special  Committee  on   Vlaterials  for  Road  Construction 

September  23d,  1Q16. — The  meeting  was  called  to  order  at  the 
House  of  the  Society.  Present,  George  W.  Tillson  (Chairman  pro 
tern.),  H.  K.  Bishop,  A.  W.  Dean,  Nelson  P.  Lewis,  Charles  J.  Tilden, 
and  A.  H.  Blanchard  (Secretary). 

The  minutes  of  the  meeting  of  July  8th,  1916,  were  read  and 
approved. 

The  following  sections  of  the  1917  Report  were  presented,  discussed, 
and  tentatively  adopted:  Gravel  Roads,  by  Mr.  Bishop;  Broken  Stone 
Roads,  Broken  Stone  Roads  with  Bituminous  Surfaces,  and  Bituminous 
Macadam  Pavements,  by  Mr.  Dean;  Asphalt  Block  Pavements,  Sheet- 
Asphalt  Pavements,  and  Joints  and  Expansion-Contraction  Joints 
under  General  Conclusions,  by  Mr.  Blanchard;  and  Cement-Concrete 
Pavements,  by  Mr.  Tilden. 

On  motion,  the  Committee  adjourned  to  meet  on  October  21st,  1916. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings: 

American  Institute  of  Electrical  Engineers,  33  West  Thirty-ninth 

Street,  New  York  City. 
American   Institute  of   Mining  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 

Architekten=Verein  zu  Berlin,  Wilhelmstrasse  92,  Berlin  W.  66, 
Germany. 

Associagao   dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 

Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
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Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue,  West, 
Detroit,  Mich. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  31  South  Front  Street, 
Harrisburg,  Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Build- 
ing, Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,  The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 
and  St.  Ann  Streets,  New  Orleans,  La. 

Memphis  Engineers'  Club,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  Ingenieur=  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 

Pacific  Northwest  Society  of  Engineers,  312  Central  Building, 
Seattle,  Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 
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Sachsischer    Ingenieur-   und    Architekten-Verein,    Dresden,   Ger- 
many. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,   19  rue  Blanche,  Paris, 
France. 

Society    of    Engineers,    17   Victoria   Street,   Westminster,    S.   W., 

London,  England.  i 

Svenska    Teknologforeningen,    Brunkebergstorg    18,    Stockholm,  j 

Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Vermont  Society  of  Engineers,  George  A.  Reed,  Secretary,  Mont- 
pelier,  Vt. 

Western    Society    of    Engineers,    1737    Monadnock    Block,    Chi- 
cago, 111. 
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DONATIONS* 

EXAMPLES  IN  ALTERNATING-CURRENTS,  VOL.  I. 

By  F.  E.  Austin.  Second  Edition,  with  Additions.  Leather,  7x5 
in.,  illus.  223  pp.  Hanover,  N^.  H.,  F.  E.  Austin,  1916.  $2.40. 
(Donated  by  the  Author.) 

The  popular  demand  for  this  work,  as  stated  in  the  preface,  has  made  the  second 
edition  necessary.  The  book  has  been  designed  to  assist  the  college  student,  to  act 
as  a  guide  in  the  solution  of  engineering  problems,  and  also,  it  is  said,  will  be  of 
value  to  teachers  and  to  those  who  are  studying  the  subject  independently.  One  of 
its  important  features,  it  is  stated,  consists  of  various  tables  containing  values 
of  variable  quantities  met  with  in  engineering  practice,  so  arranged  as  to  include 
a  wide  range  of  values  and  to  render  evaluation  convenient  and  rapid.  There  is  an 
index  of  seven  pages. 

THE  PLANNING  OF  THE  MODERN  CITY  : 

A  Review  of  the  Principles  Governing  City  Planning.  By  Nelson 
P.  Lewis,  M.  Am.  Soc.  C.  E.  Cloth,  9^  x  6^  in.,  illus.,  15  +  423  pp. 
New  York,  John  Wiley  &  Sons,  Inc. ;  London,  Chapman  &  Hall,  Limited, 
1916.    $3.50.     (Donated  by  the  Author.) 

This  book  is  devoted  entirely  to  the  engineering  aspects  of  city  planning,  or  to 
city  planning  as  an  engineering  problem  or  group  of  problems,  and  the  subjects  dis- 
cussed herein  are  those  with  which  the  engineer  who  is  responsible  for  the  working 
out  of  a  general  plan  for  a  city  or  for  successive  additions  to  an  existing  city, 
should  be  familiar.  As  there  is  no  undertaking  which  demands  more  careful  study 
of  what  has  happened  elsewhere,  what  is  likely  to  happen  in  a  particular  place,  and 
the  development  of  tendencies  which  are  sure  to  result  in  changes  in  methods  of 
living  and  of  conducting  business,  as  city  planning,  the  author  hopes  that  municipal 
engineers  will  find  this  book  of  value  in  bringing  to  them  a  keener  realization  of 
their  part  in,  and  responsibility  for.  that  work.  The  subject-matter  is  illustrated  fully 
with  photographs  and  diagrams  and  plans,  showing  what  has  recently  been  done  and 
what  is  being  planned  and  executed  at  the  present  time,  in  the  way  of  city  planning, 
in  the  United  States,  Europe,  and  South  America.  The  Contents  are  :  Introductory  ; 
The  City  Planning  Movement ;  The  Correction  of  Mistakes  ;  Elements  of  a  City  Plan  ; 
The  Transportation  System  ;  The  Street  System  ;  Parks  and  Recreation  Facilities  ; 
Public  Buildings  and  Civic  Centers  ;  The  Economic  Value  of  a  City  Plan  ;  The 
Industrial  Town  or  District;  Street  TrafBc  ;  Street  Details — Utility  and  Adornment; 
The  Railroad  in  Its  Relation  to  the  Street  System  :  Restrictions ;  The  Environs  of 
the  City  ;  Garden  Cities  ;  City  Planning  Legislation  ;  Progress  and  Methods  ;  Financing 
a  City  Plan  ;  Municipal  Land  Policies ;  The  Opportunities  and  Responsibilities  of 
the  Municipal  Engineer  ;   Sources  of  Information  ;  Index. 

STRESSES  IN  STRUCTURES. 

By  A.  H.  Heller.  Revised  by  Clyde  T.  Morris,  M.  Am.  Soc.  C.  E. 
Third  Edition.  Cloth,  9i  x  6^  in.,  illus.,  18  +  374  pp.  New  York, 
John  Wiley  &  Sons,  Inc.;  London,  Chapman  &  Hall,  Limited,  1916. 

$2.75. 

The  first  edition  of  this  book  was  published  in  1905,  and  in  the  preface  to  that 
edition,  it  is  stated  that  the  author's  aim  was  to  supply,  in  one  volume,  a  textbook 
covering  stresses  in  all  forms  of  simple  trusses,  which  would  also  serve  as  a  reference 
book  for  the  practicing  engineer.  In  the  preface  to  the  third  edition,  it  is  said  that 
the  explanations  contained  in  the  text  have  been  expanded,  numerous  examples  have 
been  given  to  illustrate  the  methods  used,  and  many  of  the  figures  have  been  re-drawn 
and  new  ones  added.  Chapters  V  and  VI  have  been  combined  to  be  Chapter  V  which 
includes  an  explanation  of  Bow's  notation  and  a  new  article  on  derricks.  Chapter  IX 
has  been  expanded  into  two  chapters,  X  on  Roof  Trusses  and  XI  on  Bridge  Trusses. 
In  Chapter  XII,   solutions  have  been   added  for   the  deck  Pratt,   subdivided   Warren, 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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Whipple,  and  Pettit  trusses,  and  skew  bridges.  In  Chapter  XIII,  a  complete  solution 
of  the  stresses  in  a  Pratt  truss  railroad  bridge  from  wheel  loads  is  added  and  a 
moment  table  is  given  for  Cooper's  loading,  and  in  Chapter  XIV  a  more  complete 
explanation  is  given  of  the  solution  of  the  stresses  in  bridges  with  curved  track. 
At  the  end  of  each  chapter  are  questions  and  problems  referring  to  the  subject  dis- 
cussed in  that  chapter.  The  Contents  are :  Stresses  and  Deformations  Within  the 
Elastic  Limits  :  Stresses  and  Deformations  Beyond  the  Elastic  Limit  :  The  Laws  of 
Equilibrium  and  Their  Application  ;  Application  of  the  Laws  of  Equilibrium  to  the 
Structure  as  a  Whole:  Reactions;  Application  of  the  Laws  of  Equilibrium  to  a 
Part  of  a  Structure:  Stresses;  Stresses  in  Beams  and  Girders;  Deflections  of  Beams 
and  Girders  ;  Special  Cases  of  Beams  and  Girders  Loaded  and  Supported  in  Different 
Ways  ;  Stresses  in  Blocks  and  Columns  ;  Roof  Trusses  ;  Bridge  Trusses  ;  Stresses  in 
Simple  Bridge  Trusses  for  Uniform  Loads  ;  Stresses  in  Railway  Bridges  from  Wheel 
Loads  ;  Stresses  In  Bridges  from  Horizontal  Forces  ;   Index. 


Gifts  have  also  been  received  from  the  following : 


Alaskan  Eng.  Coram.     2  vol. 
Am.  Inst,  of  Chemical  Engrs.     1  pam. 
Am.  Iron  and  Steel  Inst.     1   pam. 
Am.  Soc.  for  Testing  Materials.     1  vol. 
Am.  Telephone  &  Telegraph  Co.    1  vol. 
Assoc,  of  Transportation  and  Car  Account- 
ing Officers.      1  vol. 
Australia-Commonwealth         Bureau         of 

Census  and  Statistics.     1  bound  vol., 

1  pam. 
Bombay    Presidency,    India-Public    Works 

Dept.     1  vol. 
Brisbane,    Queensland-Met.   Water   Supply 

and  Sewerage  Board.      1   pam. 
Brooklyn   Engrs."  Club.      1  bound  vol. 
Canada-Geol.  Survey.     1  vol. 
Canada-Mines  Branch.      1   pam. 
Canada-Water  Power  Branch.     1  vol. 
Canadian  Northern  Ry.  System.     1  pam. 
Carnegie  Endowment  for  Inter.  Peace.      1 

bound   vol. 
Chicago  &  North  Western  Ry.  Co.     1  pam. 
Chicago,  Milwaukee  &  St.  Paul  Ry.  Co.     1 

pam. 
Chicago,   St.   Paul,   Minneapolis  &   Omaha 

Ry.  Co.     1  pam. 
Chosen,    Japan-Ry.    Bureau   of   the  Govt.- 

Gen.      1   vol. 
Colorado    Assoc,   of   Members    of   the   Am. 

Soc.  of  Civ.  Engrs.      1   pam. 
Denver  &  Rio  Grande  R.  R.  Co.     1  pam. 
Egyptian    Delta   Light   Rys.    Co.,    Ltd.      1 

pam. 
Eng.  Assoc,  of  New  South  Wales.    1  bound 

vol. 
Engrs.'  Club  of  Kansas  City.      1  pam. 
Fitchburg  R.  R.  Co.     1  pam. 
Fletcher.  Duncan  U.     1  pam. 
Florida-State   Board  of  Health.      1   bound 

vol. 
Hanover  Kgl.   Technische  Hochschule.      1 

pam. 
Hyde.  C.  G.     2  pam. 
Institution  of  Civ.  Engrs.     1  bound  vol. 
Inter.   Eng.   Congress.      1   pam. 
Iowa-Executive  Council.     1  pam. 
Iowa-State   Mine  Inspectors.      1   pam. 
Iowa  Eng.   Soc.     2  pam. 
Iron  and  Steel  Inst.     1  bound  vol. 
Jennings,  Hennen.     1  pam. 
Kentucky-R.  R.  Comm.     2  bound  vol. 
La  Follette,  R.  M.     1  pam. 
London,   England-Croydon   Borough  Coun- 
cil.    2  bound  vol. 
London,        England-Shoreditch        Borough 

Council.      1   bound   vol. 
Maine   Central    R.   R.   Co.      1   pam. 
Marshall     County,     Miss.-Marianna     Road 

District  Comm.     1   pam. 


Merchants'   Assoc,   of  New  York.      1   vol., 

1   pam. 
Michigan  Coll.  of  Mines.     1  pam. 
Michigan  Eng.  Soc.     1  pam. 
Minneapolis,   St.   Paul  &  Sault  Ste.  Marie 

Ry.  Co.     1   pam. 
JTinnesota,  Univ.  of.     1  pam. 
Missouri,    Univ.    of-School    of    Mines    and 

Metallurgy.     2  pam. 
National  Assoc,  of  Cotton  Mfrs.     1  bound 

vol. 
New  England  Water  Works  Assoc.      1  pam. 
New    Jersey-Public    Utility    Commrs.       2 

bound  vol. 
New  Mexico-State  Corporation   Comm.     1 

bound  vol. 
New    South    Wales-Chf.    Commr.    of    Rys. 

and  Tramways.  1  pam. 
New    York    City-Board    of   Water    Supply. 

1  bound  vol.,  2   pam. 
New    York    City-Commrs.    of    Taxes    and 

Assessments.      2   bound   vol. 
New   York    State-Civil   Service   Comm.      1 

bound   vol. 
New    York    State-Public    Service    Comm. 

First  Dist.     1  bound  vol. 
New    York    State-Public    Service    Comm., 

Second  Dist.     1  bound  vol. 
New  York-State  Comptroller.      1  vol. 
New   York-State   Engr.   and   Surveyor.      1 

bound  vol. 
New  York,  Ontario  &  Western  Ry.  Co.     1 

pam. 
New  York  Railroad   Club.      1   pam. 
Norfolk  &  Western  Ry.  Co.     1  pam, 
Ohio  Soc.  of  Mech.,  Elec.  and  Steam  Engrs. 

1   pam. 
Omaha,      Nebr.-Dept.     of     Accounts     and 

Finance.     I    vol. 
Pennsylvania-Public     Service     Comm.       7 

pam. 
Philippine    Islands-Weather    Bureau.       1 

vol. 
Quebec,   Canada-Mines   Branch.      1   vol. 
Sacramento,   Cal. -Mayor.      1   vol. 
St.  Louis,   Mo.-Water  Commr.      1  vol. 
Salt    Lake    City,    Utah-City    Commrs.      1 

bound  vol.,  1  pam. 
Stuart,  Inglis.  3  pam. 
Switzerland-Abteilung   fiir   Landeshydrog- 

raphie.     1    vol. 
Switzerland-Abteilung      fiir      Wasserwirt- 

schaft.      1  vol. 
Sydney,  New  South  Wales-Dept.  of  Public 

Works.     1  bound  vol. 
U.  S.- Bureau  of  Mines.    7  pam. 
U.  S. -Bureau  of  Standards.     2  pam. 
U.  S. -Bureau  of  the  Census.     1  bound  vol. 
U.  S.-Dept.  of  Agriculture.     4  pam. 
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U.  S.-Engr.  Corps.    1  pam. 

U.  S. -Federal  Horticultural  Board.     1  pam. 

U.  S.-Geol.  Survey.     1  vol.,  34  pam. 

U.  S. -National  Museum.  1  bound  vol.,  1 
pam. 

IT.  S. -Office  of  Markets  and  Rural  Organ- 
ization.     1   pam. 

IT.  S. -Reclamation  Service.     4  pam. 

Universidad  Nacional  de  la  Plata.    2  pam. 


University  Club.     1  bound  vol. 
Vermont  Soc.  of  Engrs.      1  pam. 
Virginia-Geol.  Survey.     1  vol. 
Virginia-State      Corporation      Comm.       1 

bound  vol. 
Waddell,  J.  A.  L.     1  pam. 
Washington  Irrig.  Inst.     1  pam. 
West   Newton,    Mass. -City   Engr.      1   pam. 
Western  Soc.  of  Engrs.     1  pam. 
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MEMBERSHIP 

(From  September  8th  to  October  5th,   1«H6) 
ADDITIONS 

ME*"'E«S  Mem^blrshlp. 

Boyle,  James  Murray.     Executive  Engr.,  Sanderson  &  Por- 
ter, 52  William  St.,  New  York  City Sept.    12,  1916 

Brower,   Irving   Clinton.     Commr.   of   Public  )    Assoc.  M.  Nov.     30,   1909 

Works,  City  Hall,  Evanston,  111 ^  M.  Sept.    12,  1916 

Brown,  William  Edwin.     Res.  Engr.,  East  River  Tunnels, 
Public    Service    Comm.,    First    Dist.,    400    East   21st 

St.,  Brooklyn,  N.  Y May     31,  1916 

BUBKE,    Ralph    Haney.     Chf.    Engr.,    Illinois  j    Jun.  Dec.       4,  1906 

Waterway    Comm.,     1104    Peoples    Life  C   Assoc.  M.  Oct.        4,  1910 

Bldg.,    Chicago,    111 \    M.  Sept.    12,  1916 

Carson,  John.     Chf.  Engr.,  Duluth  Street  Ry.,   1927  West 

3d    St.,    Duluth,    Minn Sept.    12,1916 

Cobb,  Louis  Reno.     Reinforced   Concrete  Designing  Engr., 
Westinghouse,    Church,    Kerr    &    Co.,    37    Wall    St., 

New    York    City Sept.    12,   1916 

FoRTNEY,   Camden   Page.     Asst.   Engr.,   U.   S.   j  Jun.  Oct.       2,  1906 

Engr.   Office,   Dam   43,   Ohio   River,   Pil-   (.  Assoc.  M.  Nov.     3a,  1909 

Cher,  Ky )   M.  Sept.    12,   191G 

HiLPERT,  Meier  George.     P.  O.  Box  754,  Harrisburg,  Pa..  Sept.    12,  1916 

Johnson,  Charles.     7925  Sycamore  St.,  New  ]    Assoc.  M.  Feb..  28,  1911 

Orleans,    La i'   M.  Mar.    14,  1916 

McAlpine,   William   Horatio.     Asst.   Engr.,    U.    S.    Engr. 

Dept.,   P.   0.   Box   72,   Louisville,   Ky Sept.    12,  1916 

Massey,  George  Bragg.    Cons.  Engr.  (Geo.  B.  Massey  Co.), 

Peoples  Gas  Bldg.,  Chicago,  111 Sept.    12,  1916 

NoLEN,    William    Isaac.      Asst.    Chf.    Engr.,  )    Assoc.  M.  May       3,  1910 

Tennessee  Copper  Co.,  Copperhill,  Tenn.  \  M.  Sept.    12,  1916 

Pagon,  W^elliam  Watters.     Cons.  Engr.  (J.  E.  ^     ^  o     ^       „    ,«^-, 

G.ei„e.    .    Co,.    1319    Fidelity    B,dg.  I    ^^      „  J//'       '         J 

(Res.,   39th   and    Oak   Sts.).    Baltimore,  f  ^^        '      '     ^     1     ,J  ,^,„ 
,,,  i    M.  Sept.    12,   1916 

Md j 

Reitze,  Chester  Nelson.     Cons.  Engr.    (Reitze,  Storey  & 

Duffy,  Inc.),  803  Northern  Bank  Bldg.,  Seattle,  Wash.'    Sept.    12,  1916 

Rockwell,  William  Lincoln.  With  Irrig.  Investigations, 
U.  S.  Dept.  of  Agriculture,  337  Federal  Bldg.,  San 
Antonio,    Tex Sept.    12,  1916 

Rodriguez,    Arturo.     Cons,    and    Contr.    Engr.,    308    West 

Seneca   St.,   Ithaca,   N.  Y Sept.    12,   1916 

Schurig,  Ernest  George.     Supt.  of  Constr.,  U.  S.  Treasury 

Dopt.,    Newark.    Ohio Sept.    12,   1916 

Seastone,  Charles  Victor.     Cons.  Engr.,  530  |    Assoc.  M.     Dec.       5,  1906 
State   St.,  Madison,   Wis \  M.  Sept.    12,   1916 
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Shebeon,    George   Austin.      City    Engr.    and  \    ,           ,,  „     ,       «    ,„, 

o,       .  n               ^  r.  1             C.4.    TV?         11      /    Assoc.  M.  Sept.     2,  1914 

Street  Commr.,  4  Delaware  St.,  Norwalk,   I     ,  , 

p,                                                                            r  M.  June    24,  1916 

Skinner,   Fenwick   Fenton.      (F.   F.   Skinner   &   Co.),   21 

Park  Row,  Room  1705,  New  York  City Sept.    12,  1916 

Thorley,     Ira     Otis.     310     Congress     Bldg.,   |    Assoc.  M.  Oct.      29,  1912 

Detroit,    Mich C  M.  Sept.    12,  1916 

Turner,   Howard  Moore.     Hydr.   Engr.,   Tur-  S    .           ,,  .      .,     ,     , 

„  ,,     „            0    ~J>        r.       r^              I    Assoc.  M.  April     1,  1914 

ners   Falls  Power   &   Elec.   Co.,   Turners  v,,  ^,     ,^,„,„ 

„  ,,      ,,                                          '                    r  M.  Sept.    12,   1916 

Falls,   Mass )  ^ 

Van     Suetendael,     Achille     Octave.     Chf.  ^ 

Structural  Engr.,  Dept.  of  State  Archi-   i     .      '      ,,  ,     "       „' „ 

.     .          XT        5     I    of  ^      irM   T            ^       ^  Assoc.  M.  June      3,  1908 

tecture,  New  York  State,  101  Lancaster  f   ,,  „     ,     ,^    ,„,„ 

St.,  Albany,  N.  Y j    ^'-  ^'^'-    ''-'''' 

Ward,   Thomas   Robert   John.     Chf.    Engr.   and    Secy,    to 
the  Govt,  of  the  Punjab,  Irrig.  Branch,  Public  Works 

Dept.,    Simla,    India June    23,  1916 

W^ATSON,  Robert  Malcolm.     Gen.  Municipal  Engr.    (Wise 
&  Watson)  ;   Borough  Engr.,  Rutherford  and  North 

Arlington,   46   Ridge  Rd.,   Rutherford,   N.  J April  18,  1916 

WooLFOLK,   William   Gordon.     Mgr.,   Chicago   Office,   San- 
derson &  Porter,  72  West  Adams  St.,  Chicago,  111.  .  .  Sept.    12,   1916 


1    e         Tj^  TT  •         t    Tir      •       HA-?   t    '^""-  April     2,   1912 

and    San.    Enar.,    Univ.    of    Illinois,    907   ' 


associate  members 
Babbitt,    Harold    Eaton.     Instr.,    Municipal  j 

West    Oregon    St.,    Urbana,    III [  ""''''■  ^-  ^'^'-  '^'  ^^^^ 

Barnes,  John  Waddington  Harry.     Engr.,  Madera  Canal 

&    Irrig.   Co.,    Box    111,    Madera,    Cal Sept.  12,  1916 

Battie,   Herbert   Scandlin.     Care,   S.   Risler,   |    Jun.  Dec.  1,  1908 

Am.   Bridge   Co.,   Gary,   Ind f  Assoc.  M.  Sept.  12,  1916 

Bergan,  Thomas  Bernard.     City  Engr.,  Auburn,  N.  Y....  April  18,  1916 

BovYEE,    William    Blair.     Asst.    City    Engr.,   |   Jun.  Oct.  1,  1913 

760  Eighth  Ave.,  San  Francisco,  Cal...    j    Assoc.  M.  Sept.  12,  1916 
Breitzke,    Charles    Frederick.     San.    Engr.,  ] 

Bureau  of  Water,  Dept.  of  Streets  and  [    Jun.  Dec.  3,  1907 

Public  Impvts.  of  Jersey  City,  Boonton,  f   Assoc.  M.  Sept.  12,  1916 

N.    J j 

Bryson,    Carlyle    Hugo.     City    Engr.,    Lima,   |    Jun.  Mar.  2,  1915 

Ohio     \    Assoc.  M.  Sept.  12,  1916 

Cadwallader,   Wallace   Laird.     With   R.    D.  )  ^  ,^,^ 

Jun.  Sept.  6,  1910 


Coombs    &    Co.,    30    Church    St.,    Room                    i,t  ■^T         „,  ,,^,^ 

T.     -v-r        ^r     ,     ^-^  C  Assoc.  M.  May     31,  1916 

236    E,   New   York    City )  "^ 

Clark,   Howard   Foster.     Asst.    Engr.,   Hydr.  )  „  ,«,. 

^     -^     r,               J!   r,  .-sT     •       ooo  r    Jun.  Dec.       2,  1914 

Dept.,   R.   R.   Comm.   of   California,   833  l  o     i.     m  ,«,« 

n,r     ,    i.   o^      o        -c         ■          r-  1  C  Assoc.  M.  Sept.    12,  1916 

Market   St.,    San    Francisco,    Cal )  '■ 
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Clausnitzer,    John.     Archt.    and    Engr.,    272  |    Jun.  Mar.      3,  1903 

Third  Ave.,  New  York  City \    Assoc.  M.     April  18,  1916 

Cummins,  Charles  Albert.  Vice-Pres.  and  Gen.  Mgr., 
Consolidated  Eng.  Co.,  243  Calvert  Bldg.,  Balti- 
more,   Md Sept.    12,  1916 

CuKRiE,  Thomas  Austin,  Jr.  With  Stone  k  Webster  Eng. 
Corporation,  69  Gainsborough  St.,  Suite  6,  Boston, 
Mass Sept.    12,  1916 

Dading,  Charles  Henry.  Structural  Engr.  and  Estimator, 
James  H.  Wells,  69  West  Manheim  St.,  German- 
town,    Philadelphia,    Pa Sept.    12,1916 

Driscoll,  William.     Care,  Guantanamo  &  Western  R,  R., 

Guantanamo,    Cuba Sept.    12,   1916 

Duck,  Allen  Douglas.     City  Engr.,  Greenville,  Tex Sept.    12,  1916 

Dubant,    William    Bullard.     9    Lowell    St.,  \    Jun.  Jan.       6,  1915 

Cambridge,   Mass j"   Assoc.  M.     Sept.    12,  1916 

Enger,  Arthur  Ludwig.     Asst.  Engr.,  Agricul-  j    Jun.  Jan.       2,  1912 

tural  Experiment  Station,  Tucson,  Ariz,    f   Assoc.  M.     Sept.    12,  1916 

FiXEN.    Victor   Leroy.     Testing   Engr.,    C.    A.    P.    Turner, 

2035  Lincoln  Ave.,  St.  Paul,  Minn Sept.    12,  1916 

Gallogly,    Alexander    Vincent.     Asst.    Engr.,    Board    of 

Water  Supply,  2675  Decatur  Ave.,  New  York  City..      Sept.    12,  1916 

Gelston,  William  Richard.     Supt.,  Citizens  Water  Works 

Co.  Plant,  314  Maine  St.,  Quincy,  111 Sept.    12,  1916 

Oilman,    Edgab    Dow.     Instr.,    Experimental  \    ^  »     •,     ,    i^i^ 

TT        ,  T-  TT      •  r     T»T-  i  TIT-  f       J^O'  ^pril  1,      1914 

Hvdr.  Eng.,  Univ.  of  Minnesota,  Minne-   v,  ,,      ^     ,     -.r,    -,r^^o 

"  ,.      ^°  C  Assoc.  M.     Sept.    12,  1916 

apolis,    Minn ) 

Godfrey,     Stuart     Chapin.     Asst.     Prof,     of  )    ^  ^     ,       -    mn 

x,T    i   /   Jun.  Sept.      5,  1911 

Math.,    U.    S.    Military   Academy,    West  I  ^^^^^    ^  ^^^g 

Point,  N.  Y )  ^ 

Greely,  Frank  Stickney.     U.  S.  Engr.  Office,  Burke  Bldg., 

Seattle,    Wash April   18,  1916 

Grover,   William   Albert.     City   Civ.   Engr.;    Div.   Engr., 

State  Highway  Dept.,  41  Atkinson  St.,  Dover,  N.  H. .     Sept.    12,  1916 
Guerdrum,     George     Hagbart.     Care,     U.     S.     Geological 

Survey,  Wanakena,  N.  Y May     31,  1916 

Hamilton,     Peter     Davidson     Gunn.     With  \  F  h       4    1913 

Stone  &  Webster  Eng.  Corporation,   148   C  ^^^^^_  ^      g^'^     ^^^  ^^^^ 

Dedham  Ave.,  Needham,  Mass J 

Hanink,    Herman    Henry.     Structural    Engr.,    State    of 

Illinois;     Chf.    Engr.,    Green    &    Sons    Co.,    Palos 

Park,    HI Sept.    12,  1916 

Hart,  Laurance  Hastings.     Asst.  Engr.,  Lup-  ^  _  3    1911 

fer  4;  Remick,  594  Ellicott  Sq.,  Buffalo,  '      "°-  c  •  . 


.    Assoc.  M.     June    23,  1916 
N.  Y. 
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Hayden,  Frank  Demetrius.  Asst.  Engr.  and  Chf.  Clerk, 
Office  of  Purchasing  Agt.,  Alaskan  Eng.  Comm., 
5400  First  Ave.,  N.  E.,  Seattle,  Wash May     31,  1916 

Herbold,    Carl    James.     Engr.,    Walker    &    Weeks,     102 

Savannah    Ave.,    Cleveland,    Ohio Sept.    12,  1916 

Howard,  John  Spence.  Chf.  Engr.,  The  Thomas  Hampton 
Co.;  Cons.  Engr.,  12  East  Lexington  St.,  Balti- 
more,   Md Sept.    12,  1916 

Hyman,  Arthur  David.  Waterproofing  Engr.  and  Contr. 
(The  Waterproofing  &  Constr.  Co.),  50  East  42d 
St.,  New  York  City Sept.    12,  1916 

Kelley,  Earl  Foster.     Asst.  Bridge  Engr.,  Iowa  Highway 

Comm.,  Box  254,  Station  A,  Ames,  Iowa Sept.    12,  1916 

Lau,  Percy  Mapes.     P.  0.  Box  43,  Pontiac,  Mich Sept.    12,  1916 

Lawton,  Frederick  Tyler.  Asst.  Engr.,  Dept.  of  State 
Engr.  and  Surv.,  1073  Seventy-fourth  St.,  Brooklyn, 
N.    Y June    23,  1916 

Leckie,     Alexander     Ross.     Care,     City     Engr.'s     Office, 

Dallas,    Tex Sept.    12,  1916 

McCabe,   John   Joseph.     Res.    Engr.,   U.    S.    Engr.    Dept., 

U.  S.  Engr.  Office,  Bond  and  Turner  Sts.,  Troy,  N.  Y.      Sept.    12,  1916 

McClain,  Carl  Arthur.     519  East  State  St.,  Ithaca,  N.  Y.     Sept.    12,  1916 

Maerker,  Erwin.     Care,  Fargo  Eng.  Co.,  226   West  Main 

St.,   Jackson,   Mich Sept.    12,  1916 

Marks,  Edwin  Hall.     Capt.,  Corps  of  Engrs.,  i    Jun.  Sept.     3,  1913 

U.  S.  A.,  West  Point,  N.  Y j"   Assoc.  M.     Sept.    12,  1916 

Michael,  William  Whipple.  44  Maiden  Lane,  King- 
ston,  N.   Y Sept.    12,  1916 

Morrison,    William    Grover.     Contr.     (Mor-   ^  a      l     9    1Q19 

rison  Constr.  Co.),  311  Hubbell  Bldg.,  C  "°-  ^^  ^  P"  ,„'  ,,.i« 
^  ,,  .  ,  *  r  Assoc.  M.  Sept.  12,  1916 
Des  Moines,   Iowa ] 

Norton,    Albert    Colwell.     Pres.,    The    Norton    Eng.    & 

Contr.  Co.,  2046  Vine  St.,  Denver,  Colo Sept.    12,  1916 

Philips,  Hector  Somerville.  Asst.  Engr.,  International 
Joint  Comm.,  695  Spadina  Ave.,  Toronto,  Ont., 
Canada  May     31,  1916 

Reswick,   Solomon.     Asst.   Engr.,   New   York   State   Barge 

Canal,  721  North  Jay  St.,  Rome,  N.  Y Sept.    12,  1916 

Sayer,     Fred     Denniston.     Borough     Engr.     and     Supt., 

Municipal  Water  Dept.,  Brookville,  Pa Sept.    12,  1916 

Schedler,    Carl   William,   Jr.     Supt.,    Great  J   j^^  May       2    1911 

Western  Electro-Chemical  Co.,  Box  582,   (.    ^  ,,      r.     .^     ,«'  ,«,/. 

^.^^  ,             ^  ,  C  Assoc.  M.     Sept.    12,   1916 

Pittsburg,    Cal ) 

Schmidt,    John    George.     Chf.    Engr.,    Dept.    of    Public 

Service,  City  Hall,  Norwood,  Ohio Sept.    12,  1916 
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Seltzer,   Hymen   Aaron.     Eng.   Dept.,    Chris- ^ 

topher  &  Simpson  Iron  Works  Co.,  8th  s    Jun.  May       2,   1911 

and  Park  Ave.    (Res.,  5133  Cates  Ave.),  f  Assoc.  M.     Sept.    12,  1916 

St.  Louis,  Mo J 

Sherman,  John  Rockwood.  Asst.  Engr.,  U.  S.  Reclama- 
tion  Service,    Meadow   Creek,    Wash Sept.    12,   1916 

Sleeper,    Benjamin    Alvan.      (Haines    &    Sherman),    306 

Temple  Bldg.,  Camden.  N.  J Sept.    12,  1916 

Stivers,  Arthur  Ducat.     Cons.  Engr.,  Pittsburg,  Tex Sept.    12,  1916 

Strehan,      George      Ernest.     Asst.       Engr.,"^ 

Bureau  of  Bldgs.,  Borough  of  Manhattan  !    Jun.  Oct.        3,  1911 

(Res.,   287    East   203d   St.),   New   York  f   Assoc.  M.     Sept.    12,  1916 
City    J 

Strong,   Sidney   Davis.     Junior   Engr.,   U.   S.  )    Jun.  Nov.      5,  1907 

Engr.   Office,  Sault  Ste.  Marie,  Mich...    [    Assoc.  M.     Mar.    14,  1916 

Thoma,  Joseph  C.     U.  S.  Surv.  of  Gen.  Land  Office,  267 

East  4th  South  St.,  Salt  Lake  City,  Utah Sept.    12,   1916 

Torkelson,  Martin  Wilhelm.  Bridge  Engr.,  Wisconsin 
Highway  Comni.,  2141  West  Lawn  Ave.,  Madison, 
Wis Sept.    12,  1916 

Traylor,  Kells  Emmett.     Track  Superv.,  Columbus  Div., 

So.   Ry.,   Winona,   Miss Sept.    12,   1916 

Vandemoer,  John  Jay.  1027  Rood  Ave.,  Grand  Junc- 
tion,   Colo June    23,  1916 

White,    W^ilfred    Ashenhurst.     Civ.    and    Hydr.    Engr. 

(Rands  &  White),  921  Electric  Bldg.,  Portland,  Ore.      Sept.    12,   1916 

Williams,  Frederick.     U.  S.  Surv.  and  Drafts-  )     _  _  ,      ^„    ,^,„ 

TT    Q     17  r>ffi        XT        T       1         r     J"^n.  Oct.     29,  1912 

man,   U.   S.   Engr.    Office,   New   London, 


Jun.  Feb.     28,  1911 

Assoc.  M.     Sept.    12,  1916 

Jun.  Aug.     31,  1909 

Assoc.  M.     April  18,  1916 


.    Assoc.  M.     Sept.    12,   1916 
Conn \ 

Wilson,  William  West.     Care,  D.  W.  Lum,  {    ^  ^  .    ,^^„ 

„       .  ,     _  ^        ^         TT7     v.-      i.         r    J""-  Dec.       4,   1906 

Special     Engr.,     So.     Ry.,     Washington,   y    .  ,,       ,      .,,„,„,„ 

Wolff,   Alfred   Daniel,   Jr.     Res.   Engr.,    N. 

Y.  C.  R.  R.,  24  Forbus  St.,  Poughkeepsie, 

N.   Y 

Wright,  Rene   Barber.     Asst.   Engr.,   Bureau 

of    Highways    and    Bridges,    620    Miller 

Ave.,  Portland,  Ore 


associates 
Bemis,    Albert    Farwell.     Pres.,    Bemis    Bro.    Bag    Co., 

Drawer  5173,   Boston,  Mass Sept.    12,  1916 

Penno,   Edward   Kimball.     Engr.   and   Contr.,   204   North 

Beech  St.,   Syracuse,  N.  Y Sept.    12,  1916 

Manwaring,    Roy    Artimus.      (Manwaring    &    Cummins), 

4918  Pulaski  Ave.,  Philadelphia,  Pa Sept.    12,   1916 
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Membership. 
Stancliffe,    William    Lewis.     Gen.    Supt.,    Hassam    Pav- 
ing Co.,  P.  O.  Box  142,  Reading,  Pa Sept.    12,  1916 

JUNIORS 

Betts,  Clifford  Alll.     Care,  Cuban  Portland  Cement  Co., 

Mariel,    Cuba Sept.    12,  1916 

Bragg,    Kendal    Benjamin.     705    Summers    St.,    Dayton, 

Ohio Sept.    12,   1916 

Cheatham,   James    Leslie.      (Mutart   &    Cheatham),    615 

West  162d  St.,  New  York  City Sept.    12,  1916 

Cobb,  W^illiam  Richard.  1373  Fourth  Ave.,  San  Fran- 
cisco,   Cal Mar.    14,  1916 

Hardaway,  Benjamin  Hurt,  Jr.     Engr.,  Hardaway  Contr. 

Co.,  Bridgewater,  N.   C Sept.    12,  1916 

Harrington,    Walton.     Care,    The    Technology    Club,    17 

Gramercy  Park,  New  York  City Sept.    12,  1916 

Howard  Gerald  Branch.  Cons.  Engr.,  Nashville,  Tenn...  Sept.  12,  1916 
Irwin,  William  Clark.     Dist.  Representative,  Kalamazoo 

Ry.  Supply  Co.,  304  Frisco  Bldg.,  St.  Louis,  Mo Sept.    12,  1916 

Kniskebn,    Philip    Wheeler.     (Knap    &    Kniskern    Co.), 

19  South  La  Salle  St.,  Chicago,  111 Sept.    12,  1916 

Kora,  Dahyabhai  Balabhai.     Asst.  Engr.,  Gondal  State, 

Gondal  (Kathiawer),  Bombay  Presidency,  India...  May  31,  1916 
Lehrbach,  Henry  Gardner.     Asst.  Engr.,  Inspection  Dept., 

Dunn  Wire  Cut  Lug  Brick  Co.,  Conneaut,  Ohio Mar.    14,  1916 

Marrian,    Ralph    Richardson.     Co.    L,    7th    New    York 

Infantry,  McAllen,  Tex.  . April  18,  1916 

Matthew,   Raymond.     Prof,   of   Irrig.    Eng.,   New   Mexico 

Coll.  of  Agriculture  and  Mechanic  Arts,  P.   O.   Box 

31,  State  College,  N.  Mex May     31,  1916 

Spooner,  Ray  Newhall.     Superintending  Engr.,  Allen  N. 

Spooner    &    Son,    Inc.;     Res.,    259     Parkside    Ave., 

Brooklyn,  N.   Y Sept.    12,  1916 

Tilton,  George  Albert,  Jr.     Eng.  Draftsman,  City  Engr.'s 

Office,  1162  North  Alexandria  Ave.,  Los  Angeles,  Cal.  Sept.  12,  1916 
Weed,  Lloyd  Woolsey.     Designing  Engr.,  Turner  Constr. 

Co.,  307  West  70th  St.,  New  York  City Sept.    12,  1916 

WooLWORTH,    Wendell   Howard.     Co.    D,    7th   New    York 

Infantry,  McAllen,  Tex Sept.    12,  1916 


CHANGES  OF  ADDRESS 

members 
Anthony,  Charles  Chapman.     Asst.  Signal  Engr.,  P.  R.  R.,  San  Jose,  Cal. 
Baldwin,  Ernest  Howard.     Senior  Engr.,  U.   S.  Reclamation  Service,  El 
Paso,  Tex. 
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Barnard.  Wilfrkd  Keefer.     Cons.  Engr.    (Leeds  &  Barnard),  1105  Central 

Bldg.,  Los  Angeles,  Cal. 
Beardsley,  James  Wallace.     31  Washington  St.,  East  Orange,  N.  J. 
Belden,  Harry  Austin.     Care,  Engineers'  Club,  New  York  City. 
BuEHLEB,  Walter.     Cons.  Engr.,  Wood  Preservation,   5756  Kenmore  Ave., 

Chicago,  111. 
BuRWELL,  Robert  Lemmon.     Asst.  Div.  Engr.,  Baltimore  Sewerage  Comm., 

Am.  Bldg.,  Baltimore    (Res.,  8  State  Circle,  Annapolis),  Md. 
Campiox,   Horace   Thomas.     Cons.   Engr.    (Paine,   McClellan   &   Campion), 

1420  Chestnut  St.,  Philadelphia,  Pa. 
Carpenter,  Charles  Lincoln.     Mgr.,  Central  Aguirre  Co.,  Central  Aguirre, 

Porto  Rico. 
Clark,   Ernest   Alden.     Chf.   Engr.,   Eng.   Constr.   Co.,   501    Marshall    St., 

Room  23,  Milwaukee,  Wis. 
Code,  William  Henry.     Cons.  Engr.  (Quinton,  Code  &  Hill),  1112  HoUings- 

worth  Bldg.   (Res.,  7231  Hillside  Ave.),  Los  Angeles,  Cal. 
Connet,  Oliver  Weston.     Civ,  and  Municipal  Engr, ;  Valuation  Engr.,  West. 

Md.  Ry.,  708  Continental  Bldg.,  Baltimore,  Md. 
Coombs,   Stephen   Elbridge.     Special  Engr.,  N.  Y.   C.  R.  R.,  Room   2619, 

Grand  Central  Terminal,  New  York  City. 
Cruise,  Edgar  Dudley.     906  Benton  Boulevard,  Kansas  City,  Mo. 
Dabney,  Augustine  Lee.     Cons.  Hydr.  Engr.,  376  Randolph  Bldg.,  Memphis, 

Tenn. 
Darling,    William    Lafayette.     Chf.    Engr.,    N.    P.    Ry.,    722    Merchants 

National  Bank  Bldg.,  St.  Paul,  Minn. 
Darnell,  James  Lee.     Cons.  Engr.,  Room  204,  Citizens  Savings  Trust  Bldg., 

Kansas  City,  Mo. 
Davis,    Charles    Stratton.     Senior    Structural    Engr.,    Div.    of    Valuation, 

Interstate  Commerce  Comm.,  802  Penobscot  Bldg.,  Detroit,  Mich. 
Doolittle,  Harold  James.     Asst.  Engr.,  State  Highway  Dept.,  437   West 

15th  Ave.,  Spokane,  Wash. 
Drew,   Charles    Davis.     Res.    Engr.,   East   River   Tunnels,   Public    Service 

Comm.,   159   Remsen   St.,   Brooklyn,   N.   Y. 
Early,  Percy  Walker.     Asst.  Gen.  Mgr.,  Robert  Grace  Contr.  Co.,  442  South 

Court  St.,  Crown  Point,  Ind. 
Gehler,  Gustav  Willy.    Prof.,  Technische  Hochschule,  Dresden,  Germany. 
Harris,  Van  Alen.     43  W^est  Walnut  Lane,  Germantown,  Philadelphia,  Pa. 
Henderson,  Henri  Herbert.     311  East  jNIain  St.,  Stockton,  Cal. 
HoRROCKS,  John  Irvin.      (B.  H.  M.  Lumber  Co.),  Darrington,  Wash. 
Hobtenstine,    Henry   Roberts.     Sales    Mgr.   and    Chf.    Engr.,    Independent 

Bridge  Co.   (Res.,  52  South  Harrison  Ave.,  Bellevue),  Pittsburgh,  Pa. 
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Strandberg,  George  Robert.     335  Thorn  St.,  Sewickley,  Pa. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(September  2d  to  October  2d,  1916) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society^  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 
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Procecdhigs,  Engrs.  Club  of  Phila., 
Philadelphia,  Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia, Pa..  50c. 

Journal,  Western  Soc.  of  Engrs., 
Chicago,  111.,  50c. 

Transactions,  Can.  Soc.  C.  E., 
Montreal,  Que.,  Canada. 

School  of  Mines  Quarterly,  Co- 
lumbia Univ.,  New  York  City, 
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Gesundheits  Ingenieur,  Miinchen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
boken,  N.  J.,  50c. 

Enr/ineering  Magazine,  New  York 
City,  25c. 

EuQineering  (London), W.  H.  Wiley, 
432  Fourth  Ave.,  New  York  City, 
25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,  35c. 

Enoineering  Neios,  New  York  City, 
iSc. 

Enoineering  Record,  New  York 
City,   10c. 

Railtcay  Age  Gazette,  New  York 
City,  15c. 

Engineering  and  Mining  Journal, 
New  York  City,  15c. 

Electric  Railway  Journal,  New 
York  City,  10c. 

Railioay  Revieiv.   Chicago,   111.,   15c. 

Scientific  American  Supplement, 
New  York  City,   10c. 

Iron  Age,  New  York  City,  20c. 

Railway  Engineer,  London,  Eng- 
land," Is.  2d. 

77-on  and  Coal  Trades  Review,  Lon- 
don,  England,   6d. 

Railway  Gazette,  London,  England, 
6d. 

American  Gas  Light  Journal,  New 
York  City,  10c. 

Railway  Mechanical  Engineer,  New 
York"  City,   20c. 

Electrical  Review,  London,  Eng- 
land, 4d. 

Electrical  World,  New  York  City, 
10c. 

Journal,  New  England  Water-Works 
Assoc,   Boston,   Mass.,   $1. 

Journal,  Royal  Society  of  Arts, 
London,   England,    6d. 
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Annales  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium,  4  fr. 

Annales  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,   Belgium,   4  fr. 

Memoir  es  et  Compte  Rendu  des 
Travaux.  Soc.  Ing.  Civ.  de  France, 
Paris,  France. 

he  Genie  Civil,  Paris,  France,  1  fr. 

Portefeuille  Economiques  des  Ma- 
chines, Paris,   France. 

Nouvelles  Annales  de  la  Construc- 
tion, Paris,   France. 

Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

Revue  de  Mecanique,  Paris,  France. 

Revue  Generale  des  Chemins  de 
Fer  et  des  Tramways,  Paris, 
France. 

Technisches  Gemeindeblatt,  Berlin, 
Germany,  0,  70m. 

Zentralblatt  der  Bauverwaltung . 
Berlin,   Germany,   60  pfg. 

Electrotechnische  Zeitschrift,  Ber- 
lin,   Germany. 

Proceedinrjs,  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

Annales  des  Pmits  et  Chaussees, 
Paris,    France. 

Journal,  Military  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,   50c. 

Coal  Age,  New  York  City,   10c. 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,   3d. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,  Berlin,  Germany,  1, 
60m. 

Zeitschrift  fiir  Bauwesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  Diisseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

RigascJie  Industrie-Zeitung ,  Riga, 
Russia.   25  kop. 

Zeitschrift,  Oesterreichi^cher  In- 
genieur und  Architekten  Verein, 
Vienna,  Austria,  70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York  City,  $12. 

Transactions,  Am.  Soc.  M.  E.,  New 
York  City,  $10. 

Transactions,  Am.  Inst.  Min.  Engrs., 
New  York  City,  $6. 
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(57)  Colliery    Guardian,     London,    Eng- 

land, 5d. 

(58)  Proceedings,    Engrs.'    Soc.    W.    Pa., 

2511     Oliver     Bldg.,     Pittsburgh, 
Pa.,  50c. 

(59)  Proceedings,  American  Water-Works 

Assoc,   Troy,   N.  Y. 

(60)  Municipal  Engineering ,  Indianapolis, 

Ind.,   25c. 

(61)  Proceedings,  Western  Railway  Club, 

225    Dearborn    St.,    Chicago,    111., 
25c. 

(62)  Steel   and  Iron,   Thaw    Bldg.,    Pitts- 

burgh,  Pa.,   10c. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,   England. 

(64)  Power,  New  York  City,  5c. 

(65)  Official  Proceedings,  New  York  Rail- 

road  Club,    Brooklyn,   N.  Y.,    15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,   6d. 

(67)  Cement      and      Engineering      News, 

Chicago,  111.,  25c. 

(68)  Milling    Journal,    London,    England, 

6d. 

(69)  Der  Eisenbau,  Leipzig,  Germany. 

(71)  Journal,   Iron   and   Steel   Inst.,   Lon- 

don,  England. 
(71a)    Carnegie      Scholarship      Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  American      Machinist,      New      York 

City,   15c. 

(73)  Electrician,    London,    England,    18c. 

(74)  Traiisactions,      Inst,     of    Min.     and 

Metal.,  London,  England. 

(75)  Proceedings,   Inst,   of   Mech.   Engrs., 

London,  England. 

(76)  Brick,   Chicago,   111.,   20c. 

(77)  Journal,     Inst.    Elec.    Engrs.,     Lon- 

don,  England,  5s. 

(78)  Beton   und   Eisen,   Vienna,    Austria, 

1,   50m. 

(79)  Forscherarbeiten,    Vienna,     Austria. 

(80)  To7iindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieurioesen,     Wiesbaden,      Ger- 
many. 

(82)  Mining     and     Engineering      World, 

Chicago,  111.,  10c. 

(83)  Gas  Age,  New  York  City,  15c. 

(84)  he  Ciment,  Paris,  France. 

(85)  Proceedings,    Am.    Ry.    Eng.    Assoc, 

Chicago,    111. 

(86)  Engineering-Contracting,       Chicago, 

ill.,  10c. 

(87)  Raihcay       Maintenance       Engineer, 

Chicago,  111.,  10c 
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113 
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Bulletin  of  the  International  Ry. 
Congress  Assoc,  Brussels,  Bel- 
gium. 

Proceedings,  Am.  Soc.  for  Testing 
Materials,  Philadelphia,  Pa.,  $5. 

Transactions,  Inst.  of  Naval 
Archts.,   London,   England. 

Transactions,  Soc.  Naval  Archts. 
and  Marine  Engrs.,  New  York 
City. 

Bulletin,  Soc.  d'Encouragement 
pour  rindustrie  Nationale,  Paris, 
France. 

Revue  de  Metallurgie,  Paris, 
France,  4  fr.  50. 

International  Marine  Engineeriyig, 
New  York  City,   20c. 

Canadian  Engineer,  Toronto,  Ont., 
Canada,   10c. 

Journal,  Engrs.  Soc  Pa.,  Harris- 
burg,   Pa.,   30c 

Proceedings.  Am.  Soc.  of  Municipal 
Improvements,  New  York  City,  $2. 

Professional  Memoirs,  Corps  of 
Engrs.,  U.  S.  A.,  Washington, 
D.  C,  50c. 

Metal  Worker,  New  York  City,  10c. 

Organ  fiir  die  Fortschritte  des 
Eisenbahmoesens,  Wiesbaden,  Ger- 
many. 

Mining  Press,  San  Francisco,  Cal., 
10c. 

The  Surveyor  and  Municipal  and 
County  Engineer,  London,  Eng- 
land, 6d. 

Metallurgical  and  Chemical  En- 
gineering, New  York  City,  25c. 

Transactions,  Inst,  of  Min.  Engrs., 
London,  England,  6s. 

Schweiserische  Bauzeitung,  Ziirich, 
Switzerland. 

Iron  Tradesman,  Atlanta,  Ga.,  10c. 

Journal,  Boston  Soc.  C.  E.,  Boston, 
Mass.,   50c. 

Journal,  Am.  Concrete  Inst.,  Phil- 
adelphia,  Pa.,  50c. 

Journal  of  Electricity ,  Power  and 
Gas,  San  Francisco,  Cal.,  25c. 

Intei'nationale  Zeitschrift  fiir 
Wasser-Versorgung,  Leipzig,  Ger- 
many. 

Proceedings,  Am.  Wood  Preservers' 
Assoc,    Baltimore,   Md. 

Jotirnal,  Institution  of  Municipal 
and  County  Engineers,  London, 
England,  Is.  6d. 

Journal,  Engrs.'  Club  of  St.  Louis, 
St.  Lous,  Mo.,  35c. 

Blast  Furnace  and  Steel  Plant, 
Pittsburgh,   Pa.,   15c. 


LIST  OF  ARTICLES 
Bridges. 

Standard   Plans   for  I-Beam  and   Concrete   Bridges.*      (13)      Sept.    7. 

Foundation  Work  on  the  Metropolis  Bridge.*      (15)      Sept.  8. 

Reinforced-Concrete   Arch   has   Masonry   Facing.*      (14)      Sept.   9. 

Erection  of  Quebec  Bridge  Suspended  Span.*      A.  J.  Meyers.      (13)      Sept.   14. 

Wind  Damages  Highway  Bridge.*      (14)      Sept.  16. 

Little    Plant    Required    to    Complete    4  000-Ft.    Concrete    Railroad     Bridge.* 

Sept.   16. 
The  Full  Evidence  on  the  Fall  of  the  Quebec  Bridge  Span.*      (13)      Sept.  21. 
Shallow     Railway    Floor    on     Canal     Bascule    Bridge.*      Arthur    G.     Hayden. 

Sept.  21. 


(14) 


(13) 


Illustrated. 
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Bridges— ( Continued  i . 

The  Cause   of   the   Quebec    Bridge   Disaster.*      (IS)    Sept.    22;    (18)    Sept.    23;    (96) 

Sept.  21  ;    (13)   Sept.  14. 
Revolutionary    Methods    Used   to   Float    and    Hoist    Center    Span    of   Quebec    Bridge.* 

(14)      Sept.  23. 
Breakage     of     Casting    of     Rocker-Joint     Bearing     Responsible    for     Quebec     Bridge 

Disaster.*      (14)   Sept.  23;    (20)   Sept.  21. 
Hopple   Street  Viaduct,    Cincinnati,   is   Built  with   Cantilever  Beams   of  Arch   Form.* 

Edgar  K.  Ruth.      (14)      Sept.  23. 
Reinforced-Concrete  Pipe  Used  for  Railway  Culverts.*      (13)      Sept.  28. 
Test  of  New  Type  Reinforced-Concrete  Bridge.*      (13)      Sept.  28. 
Central    Bridge   at   Lawrence    is   Built   from    Four   Separate   Mixing   Plants.*      E.    K. 

Cortright.       (14)      Sept.   30. 
Les   Fonts  Militaires  pour   I'Etablissement  de  Passages   Provisoires  Fonts   Metallique 

Demontables.*      A.    Bidault  des   Chaumes.      (33)      Aug.    19. 
Nouveau   Pont   en   Beton   Armfi   sur  le  Mississippi   a   Minneapolis    (Minnesota,    Etats- 

Unis).*      (33)      Sept.  9. 

electrical. 

Approximate  Solution  of  Short-Circuit  Problems.*      E.   G.   Merrick.      (73)      Aug.   25. 
An  Approximate  Method  of  Calculating  Short-Circuit  Current  in  an  Alternating-Cur- 
rent System.*      H.  R.  Wilson.      (73)      Aug.  25. 
Prevention  of  Condenser  Corrosion   (Electrolytic  method).      J.  F.  Peter.      (Paper  read 

before  the  Inst,  of  Marine  Engrs.)       (26)      Aug.  25. 
Paisley  Automatic  Telephone  Exchange.*      J.  Hedley.      (73)      Aug.  25. 
The  Determination  of  the  Constant  of  a  Solenoid.*      S.   R.  Williams.      (3)      Sept. 
Originality  in  Street  Lighting  Standards.*      Albert  Marple.      (60)      Sept. 
Inductive    Interference    as    a    Practical    Problem.*      A.     H.     Griswold    and     R.    W. 

Mastick.      (42)      Sept. 
The    Characteristics    of    Tungsten    Filaments    as    Functions    of    Temperature.      Irving 

Langmuir.      (73)      Sept.  1. 
The  Active  Materials  and  Electrolyte  of  the  Alkaline  Storage  Battery.     L.  C.  Turnock. 

(105)      Sept.   1. 
The  Sperry  Searchlight.      (11)   Sept.  1;   (26)   Sept.  8. 
Switchboards  for  Polyphase  Testing.*      A.  T.  Bullen.      (26)      Sept.  1. 
Downtown     Lighting     System     for     San     Francisco.*      Walter     D'Arcy     Ryan.      (27) 

Sept.  2. 
Impedances  of  Iron  and  Steel  Wire.      Clem  A.  Copeland.      (Ill)      Sept.  2. 
Lighting  That  Combines  Art  and  Science.*      Louis  Bell.      (27)      Sept.  2. 
Street  Lighting  System  of  Sheboygan,   Wis.*      Carroll  H.    Shaw.      (27)      Sept.   2. 
Electrical  Machine  Bearings.*      Gordon  Fox.      (64)      Sept.  5. 
Twin-City  Power  Plants.*      Thomas  Wilson.      (64)      Sept.  5. 
The  Influence  of  Pressure  on  the  Electrical  Ignition  of  Methane.*      W.  M.  Thornton. 

(Paper  read  before  Section  G  of  the  British  Assoc.)       (73)      Sept.  8. 
1  500    K.w.    Geared    Turbo-Generator    at    the    Westinghouse    Works,    Trafford    Park, 

Manchester.*      (11)      Serial  beginning  Sept.  8. 
The  Calculation  of  the  Capacity  of  Radio-Telegraph  Antennte,   Including  the  Effects 

of    Masts    and    Buildings.*      G.    W.    O.    Howe.      (Abstract   of    paper    read    before 

Section  G  of  the  British  Assoc.)       (73)      Sept.  8. 
Electric  Signalling  With  Bare  Wires.      Sydney  F.  Walker.      (22)      Sept.   8. 
Eliminating  Transmission   Line  Telephone  Troubles.*      E.   P.    Peck.      (27)      Sept.   9. 
Operation  of  a  Small  Diesel  Engine  Plant.*      (27)      Sept.  9. 

The   Fuller   Electrical    Manufacturing   Works.      Chadwell    Heath.*      (26)      Sept.    15. 
Operation  of  a  Non-Synchronous  Rotating  Gap.*      A.  S.  Blatterman.     (27)     Sept.  16. 
Making  Cable  Joints  with  Formed  Insulation.*      (27)      Sept.  16. 
Service   Connections   from  Underground  Mains.*      E.    B.   Meyer.      (27)      Sept.   16. 
Electrification    of    a    Modern    Cement    Company.*      D.     C.     Findlay.      (HI)      Serial 

beginning   Sept.    16. 
Distribution-Loss  Factors.      Terrell  Croft.      (64)      Sept.   19. 
Accounting  at  Pasadena  Plant.*      L.  R.  W.  Allison.      (64)      Sept.  19. 
Extension    to    West    Penn    Co.'s    Connellsville    Power    Plant.*      Warren    O.    Rogers. 

(64)      Sept.  19. 
Providing    Adequate     Street     Illumination     for     Unusual     Local     Conditions.*      (27) 

Sept.  23. 
High-Intensity  Searchlight  for  Governmental   Purposes.*      (27)      Sept.   23. 
Practical  Talks  on  Controllers-Reversing  Switches.*     A.A.Fredericks.     (64)     Sept.  26. 
Operating   Results  of  Cleveland   Municipal   Lighting  Plant.      (13)      Sept.   28. 
Les  Sous-Stations  de  Transformation  en  Plein  Air.*      J.  Vichniak.      (33)      Aug.  19. 
Um-und     Neubau     der     Schalt-und     Transformatorenanlage     des     Elektrizitatswerkes 

Beznau  an  der  Aare.*      (107)      Serial  beginning  Aug.  12. 
Die    Beriicksichtigung    des    Wicklungssinnes    in    der    theoretischen    Elektrotechnik.* 

Otto  Block.      (107)      Sept.  9. 

*  Illustrated. 
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Marine. 

The  Sperry  Active  Gyroscope  for  Stabilising  Ships.*      (12)      Aug.  25. 

The    I.juns;.=trom    Turbine    and    Its    Application    to    Marine    Propulsion.      Ronald    S. 

Portham.      (47)      Sept.   1. 
Machine  Shops  on   the  United   States  Repair  Ship   Prometheus.*      Prank   A.   Stanley. 

(72)      Sept.  7. 
Light  Cruisers  in  the  War.      (12)      Sept.  8. 
Craig  Marine  Diesel.*      (64)      Sept.  26. 
Floating  Foundry  and  Forge  Shop.*      (72)      Sept.  28. 
Le  Cearn,  Navire-D6pot  pour  les  Sous-Marins  de  la  Marine  br§silienne.*      Ch.  Dantin. 

(33)      Aug.   19. 

Mechanical. 

Power  with   Ry-Product  Recovery.*      T.   Roland  Wollaston.      (12)      Aug.   25. 

Boilers  Heated  by  Coke-Oven  Gas.*      (22)      Serial  beginning  Aug.  25. 

On  the  Determination  of  the  Leakages  in   Gas-Pipes.*      Michelangelo  Boehm.      (66) 

Aug.  29. 
Electric    Welding    in    Boiler    Shop    Repairs.      P.    E.    Gallagher.      (Paper  read  before 

Master  Boiler  Makers'  Assoc.)       (62)      Sept. 
Production   of  Dies   and   Marking  Devices.*      Charles   C.   Lynde.      (62)      Sept. 
Straight  Line  Forge  Shop   Plant  Lay-out.*      C.   S.  Kinnison.      (62)      Sept. 
Operating  Costs  in  Combined  Power  and  Heating  Plants.*      Charles  L.  Hubbard.     (9) 

Sept. 
Power   Equipment   for    Steam   Plants.*      Robert   L.    Streeter.      (9)      Serial    beginning 

Sept. 
A  Novel  Method  of  Ditching  a  Cut.*      H.  M.  Church.      (87)      Sept. 
New  Plant  of  the  Texas  Portland  Cement  Company   at   Houston.*      (67)      Sept. 
The  Gas  Works  of  Philadelphia.      P.  T.  Dashiell.      (2)      Sept. 
Military  Aviation.*      (44)      Sept. 

The  Use  of  Powdered  Coal  in  Metallurgical  Processes  :  a  Discussion  of  the  Engineer- 
ing Principles  Involved.*      C.  J.  Gadd.      (3)      Sept. 
Cutting   Metals   with   the  Oxy-Acetylene  Flame.*      Henry   Cave.      (9)      Sept. -Oct. 
Pressing  and   Stamping   Metals.*      Oberlin    Smith.      (9)      Sept. -Oct. 
Rubber  Vulcanization   Accelerators.     Andrew   H.   King.      (105)      Sept.    1. 
The  Manufacture  and  Use  of  High-Speed  Steel.      Henry  D.  Hibbard.      (22)      Sept.  1. 
Peat  V.  Coal  for  Production  of  Power.*      B.  F.  Haanel.      (57)      Sept.  1. 
B.  T.  H.  Turbo  Air  Compressors.*      (26)      Sept.  1. 
Though    Present    Commercially    Available    Lighting    Fixtures    Meet    Possibly    Ninety 

Per    Cent,    of    Conditions    Presented,    There    is    Still    an    Important    Field    for 

Fixtures  of  Unusual  Size.*      Robert  French  Pierce.      (24)      Sept.  4. 
Fractional  Valves.*      James   A.   Donnelly.      (Abstract  of  paper  read  before  Am.   Soc. 

of  Heating  and  Ventilating  Engrs.)       (64)      Sept.   5. 
Factors    that    Influence    the    Selection    of    a    Condenser.*      H.    J.    Macintire.      (64) 

Sept.   5. 
The  Application   of  Scientific  Management  to   Burning  Clay.*      Dwight   T.   Farnham. 

(76)      Sept.  5. 
Jobbing  Foundry  Installs  2-Ton  Furnace.*      (20)      Sept.   7. 
Production  Methods  in  Gas  Engine  Plant.*      O.  J.  Abell.      (20)      Sept.  7. 
Cutting  Speeds  and  Feeds.*      W.  A.  Knight.      (72)      Sept.  7. 
Plant  for  Making  Electric  Vacuum  Cleaners.*      (20)      Sept.   7. 

Two   Examples   of   Foundry   Cost   Accounting.*      W.    E.    Freeland.      (20)      Sept.    7. 
Engineering  Service  Plus  Machine  Building.*      O.   J.  Abell.      (20)      Sept.   7. 
A  Centrifugal  Machine  for  Casting  Pipe.*      (20)   Sept.  7;    (101)   Sept.  15. 
Limit   Gauges.*      R.   T.   Glazebrook.      (Paper   read   before  the   British   Assoc.)      (12) 

Serial  beginning  Sept.  8;    (II)   Sept.  8. 
Oil    Engines    and    Steam    Engines    in    Combustion.*      Geoffrey    Porter.      (Abstract    of 

paper  read  before  the  Diesel  Engine  Users'  Assoc.)       (26)      Sept.  8. 
An  Analysis  of  the  Motor-Truck  Question.      (45)      Sept.  9. 
The  Matter  of  Slack  Belts.*      W.  F.  Schaphorst.      (16)      Sept.  9. 
Operation  of  Boilers  with  Balanced  Draft.*      R.  I.  Elkin.      (27)      Sept.   9. 
Difficulty  of  Obtaining  Samples   at   Reasonable  Cost  Has  Been  Serious  Drawback   to 

General    Adoption    of    Specification    Method    for    the    Purchase    of    Coal.*      (24) 

Sept.  11. 
Inter-Boiler  Inspection.      J.   C.   Hawkins.      (64)      Sept.   12. 
Manufacturing  Sharpening  Stones.*      (72)      Sept.   14. 

The  Processes  of  the  Organic  Chemical   Industry   Used  in  the  Manufacture  of  Inter- 
mediate Products.*      A.  H.  Ney  and  D.  J.   Van  Marie.      (105)      Sept.  15. 
Interesting   Can-adian   Wrinkles  on   Distribution.      P.    S.   Lamb.      (Paper   read   before 

the  Canadian  Gas  Assoc.)       (83)      Sept.  1.5. 
Aluminium  Castings  and  Forgings.      P.  E.  McKinney.      (105)      Sept.  15. 
A  Heat-Treating  Plant  Using  Surface  Combustion.      (105)      Sept.  15. 
Giant  Revolving  Shovel  Used  at  Gravel  Plant.      (14)      Sept.  16. 
Construction  of  Furnaces  of  the  Surface  Combustion  Type  are  Rapidly  Changing  and 

Obtaining  a  Wider  Adoption  Ranging  from  Domestic  Gas  Stove  to  Carbonization 

of  Coal.      Nisbet  Latta.      (24)      Sept.  18. 

*  Illustrated. 
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Mechanical— (Continued). 

Disastrous   Boiler  Explosion  at  Jackson,   Tenn.*      J.   A.   Wlllard.      (64)      Sept.   19. 

York  Poppet-Valve  Return-Flow  and  Uniflow  Engines.*      (64)      Sept.  19. 

Testing  Refrigerating  Plants.      Julian  Smallwood.      (64)      Sept.   19. 

Critical  Speeds  of  Shafts.*      William   Knight.      (72)      Sept.   21. 

Electric  Refrigerator  for  Indoor  Ice  Rink.*      (27)      Sept.  23. 

Navy    Test    of    Lubricating    Oil.     J.    L.    Kauffman.      (From    Journal    of    the    Am. 

Soc.  of  Naval   Engrs.)       (64)      Sept.  26. 
Old-Time  Tools  and  Mechanics  In  a  New  England  Shop.*      Frank  A.  Stanley.      (72) 

Serial  beginning  Sept.  28. 
Manufacture    and    Properties    of    Semi-Steel.*     David    M'Laln.      (From    paper    read 

before  the  Am.  Foundrymen's  Convention.)       (20)      Sept.  28. 
Les  Palmers  de  Precision,  Etude  sur  la  Variability  de  leur  Rayon  d'Actlon.*      {33) 

Sept.  16. 

IMetallurgical. 

The    .A.tmospheric    Oxidation    of    Iron    Pyrites.     T.    F.    Winmill.      (106)      Vol.    51, 

Pt.    4. 
Ore   Concentration   by   Flotation.      (11)      Aug.    25. 
Commercial    Considerations    Concerning    the    Blast    Furnace.      J.     E.     Johnson,    Jr. 

(105)      Sept.    1. 
Tungsten    in   the  Boulder  District,   Colorado.*     E.   H.    Leslie.      (103)      Sept.    2. 
Jig     Concentration     in     Joplin     District,     Missouri.     Clarence     A.     Wright.      (103) 

Sept.    2. 
Concentration    at    Inspiration.*      (16)      Serial    beginning    Sept.    2. 
Molecular  Forces   and  Flotation.     Will   H.   Coghill.      (103)      Sept.   2. 
The  Gronwall-Dixon  Electric  Furnace  for  Production  of  Steel  Billets.*      (20)      Sept  7. 
Zinc   Smelting   in   Vertical   Retorts.*      (103)      Sept.   9. 
Notes   on   the   Chemical  Assay  of   Tin   Ores.      A.   M.   Matheson.      (Paper   read   before 

the  Australasian  Inst,  of  Min.  Engrs.)       (82)      Sept.  9. 
Construction    and    Operation   of   the    Nevada    Packard    Mill.*      Herbert    G.    Thomson. 

(103)      Sept.   9. 
Concentration   and   Smelting  of  Vanadium   Ore.*      R.   L.   Grider.      (103)      Sept.    9. 
Electric  Alloy   Steels  Made  on  Tonnage   Basis.*      (20)      Sept.   14. 
Converter    Steel    Castings    Low    in    Manganese.*      Edwin    F.    Cone.      (20)      Sept.    14. 
The  Metal  Tie-Up   in   Electrolytic   Refining.*      Lawrence   Addicks.      (105)      Sept.   15. 
Recent    Developments    in    Zinc    Concentration    Practice    in    the    Joplin    District,    Mis- 
souri.     H.  C.  Parmelee.      (105)      Sept.  15. 
The  Selection  of  a   Method   of  Ore-Treatment.      George   J.   Young.      (105)      Sept.   15. 
Blast    Furnace    Products.      J.    E.    Johnson,    Jr.      (105)      Sept.    15. 
Flotation   Tribulations.*      Jackson   A.   Pearce.      (103)      Sept.   16. 
Atmospheric    Decomposition    of    Cyanide    Solutions.      G.    H.    Clevenger    and    Harry 

Morgan.      (103)      Sept.    16. 
Surface    Tension    Oil-Water    Emulsion — A    Flotation    Theory.      George    Belchic    and 

Roy   O.    Neal.      (82)      Sept.    16. 
Nashwauk  Iron-Washing  Plants.*      L.  A.  Rossman.      (16)      Sept.  16. 
Allen   Automatic   Classifier.*      J.   W.   Crowdus.      (16)      Sept.    16. 
The  Invention,  Development,   and  Introduction  of  the  Flotation  Process.      A.   Stanley 

Elmore.      (103)      Sept.    23. 
The  Use  of  Borings  in   Cupola  Operations.     James  A.  Murphy.      (Paper  read  before 

the  Am.  Foundrymen's  Convention.)       (20)      Sept.   28. 
Use  of  Titanium   in   Making   Steel   Castings.*      W.   A.   Janssen.      (Paper   read  before 

the  Am.   Foundrymen's   Convention.)       (20)      Sept.   28. 
Automatic  Skip  Handles   Hot  Ore.     H.  V.   Shiefer.      (13)      Sept.   28. 

Military. 

Seacoast  Defense.*      George  A.  Zinn.      (2)      Sept. 

Hospital  Train  for  the  U.  S.  Army.      (18)      Sept.  2. 

Providing  Water-Supply  for  a  Large  Militia  Camp.*      (13)      Sept.  14. 

Operations  on  the  British  12-In.  Mark  IV,  Howitzer  Shell.*      (72)      Sept.  21. 

Les  Usines  Nationales  de  Munitions  en  Angleterre.*      P.  Calfas.      (33)      Aug.  26. 

Les  Fusees  des  Obus  Allemands  et  Autrichiens.*      Nicolas  Flamel.      (33)      Sept.  2. 

Mining. 

The  Estimation  of  Moisture  in  Coal.*      T.  F.  Winmill.      (106)      Vol.  51,  Pt.  4. 

Hydraulic  Sand  and  Gravel  Mining.      R.  J.  Borhek.      (67)      Sept. 

Explosibility  of  Gases  from  Mine  Fires.     G.   A.   Burrell  and  G.   G.  Oberfell.      (From 

Technical  Paper  ISJf,  United  States  Bureau  of  Mines.)       (57)      Sept.  1. 
Surface  Plant  at  Brodsworth  Main  Colliery.*      (57)      Sept.   1. 
Coal  Mining  Under  the  River  Waikato  and  Lake  Hakanoa,  N.  Z.*      (57)      Sept.  1. 

*  Illustrated. 
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Mining-  (Continued >. 

Coals  and  Other  Minerals  in  Japan.     Watson  Smith.      (29)      Sept.  1. 
Mining  and  Smelting  at  Ca.sapalca,   Peru.     Thomas  F.   Roche.      (82)      Sept.   2. 
Handling  Water   in   Underground  Workings.*      H.   S.   Geismer.      (45)      Sept.  2. 
Mining  Methods  at  Mount  Lyell.*     R.  M.  Murray.     (Paper  read  before  the  Australian 

Inst,  of  Min.   Engrs.)       (16)      Sept.  2. 
Mines  and   Mining  Operations  at  Ely,   Nevada.*      A.  G.   Hillen.      (82)      Sept.   2. 
Electric  Equipment  in  Donct/,  Coal  Mines.      (57)      Sept.  8. 
Nationalisation   of   Coal    Mines.      David   Evans.      (22)      Sept.   8. 
Driving  a  1  200-Ft.  Raise.*      S.  Ford  Eaton.      (16)      Sept.  9. 
Mine   Explosions.      Frank  Haas.      (45)      Sept.   9. 
Operations    of    Silver    King    Coalition    Mines    Co.,    Park    City,    Utah.*      W.    A.    Scott. 

(82)      Sept.  9. 
The  Patino  Tin   Mines,   Bolivia.*      Benjamin  L.  Miller   and  Joseph  T.   Singewald,   Jr. 

(16)      Sept.  9. 
Underground  Mining  in  Cuba.*      L.   B.  Reifsneider.      (16)      Sept.  16. 
The  Season  of  Explosions.      J.  W.  Powell.      (45)      Sept.  16. 
Mining    Methods    Employed    in    the    Anthracite    Field.*      H.    M.    Crankshaw.      (45) 

Serial  beginning  Sept.   16. 
Rock  Drilling  with  a  Gasoline-Air  Drill.*      H.  L.  Hicks.      (86)      Sept.  20. 
Blasting  Boulders  and   Rock  Ledges.*      Thomas  M.   Knight.      (86)      Sept.   20. 
Some   Dredging  Costs   Based   on   Actual    Dredging   Experience.*      Charles   James   and 

Henry    Jennings.      (From    Bulletin    121,    Bureau    of    Mines.)      (86)     Sept.    20. 
Procedures  that   Reduced  Costs   in   Sinking   Four   Inclined  Mine   Shafts.*      Albert  E. 

Hull.      (86)      Sept.   20. 
Dredging  in  Montana.*      Hennen  Jennings.      (103)      Sept.  23. 
Drive  Roosevelt  Drainage  Tunnel  Rapidly.      (14)      Sept.  23. 

Miscellaneous. 

Insulation   Against  Heat  and   Cold.      C.   B.  Rowley.      (Abstract  of  paper   read  before 

the  Cleveland  Eng.  Soc.)       (47)      Aug.  25. 
The  Art  of  Coating  Paper.*      (12)      Serial  beginning  Aug.  25. 
Mobilizing  Our  Industrial  Resources.      Howard  E.   Coffin.      (9)      Sept. 
The    Henrici    Harmonic    Analyzer    and    Devices    for    Extending    and    Facilitating    its 

Use.*      Dayton  C.  Miller.      (3)      Sept. 
Standardization.      C.  Le  Maistre.      (42)      Sept. 

Preparing  Our   Industries  for  the   Coming  Test.      Edward   N.   Hurley.      (9)      Sept. 
The  Commercial  Fertilizer  Industry  in  the  United  States.*      Lester  W.  Tucker.      (109) 

Sept. 
Value  of  Concise  Records  to  the  Engineer.      Ray   S.   Huey.      (Paper  read  before  the 

Assoc,  of  Iron  and  Steel  Elec.  Engrs.)       (62)      Sept. 
Time  Studies  for  Efficiency  in  Steel  Mills.      W.  Trinks.      (116)      Sept. 
What  Is  Preparedness?     H.  L.  Gantt.      (9)      Sept.-Oct. 
On   a   Method   of   Measuring  the   Pressure   of  Light  by   Means  of  Thin   Metal   Foil.* 

Gilbert  D.  West.      (Abstract  of  paper  read  before  the  Physical  Soc.  of  London.) 

(73)      Sept.   1. 
The  Time  Factor  in  the  Formation  of  Aromatic  Hydrocarbons  from  a  Paraffin  Base 

Oil.     Gustav  Egloff  and  Thomas  J.  Twomey.      (105)      Sept.   1. 
Atmospheric  Humidity  and  Its  Measurement.      Kenneth  G.  Smith.      (103)      Sept.  2. 
The    Davis    Spot    Test    in    the    Preliminary    Examination    of    Creosote    Oils.      (86) 

Sept.   6. 
Spotting  Fires   in   29   Miles  of  Wood   Snowsheds.*      (13)      Sept.    7. 
The  Welfare  of  Munition   Workers.*      (11)      Sept.   8. 
Modification  of   Bloch's   Method   of   Calculating  Illumination,    with   Calculations   Only 

Comprehensible  to   Engineers  Eliminated,   Can  be  Made  Understandable  to  Lay- 
man.*     Robert  Ffrench  Pierce.      (24)      Sept.  11. 
The  Effect  of  Aluminium  Chloride  Upon  a  Naphthene  Base  Oil  in  the  Formation  of 

Gasoline,   Unsaturated   and   Aromatic   Hydrocarbons.     Gustav   Egloff   and   Robert 

J.   Moore.      (105)      Sept.   15. 
New  Sulphuric  Acid  Plant.*      T.  N.  Harris.      (105)      Sept.   15. 
The   Manufacture  of   Tannin   Extracts   and  the   Use   of   a   New   Evaporator.*      (105) 

Sept.   15. 
What    Scientific    Management    Accomplishes    for    the    Employer    and    the    Employe.* 

Dwight  T.   Farnham.      (76)      Sept.   19. 
Two  Fundamentals  in  Purchasing.*      H.  B.  Twyford.      (20)      Sept.  21. 
•Amortization  and  Depreciation.      Robert  S.  Lewis.      (103)      Sept.  23. 
Post-Mortem   Appraisal  of   Industrial   Plant.      Charles   H.   Higgins.      (13)      Sept.    28. 

Municipal. 

Recent  Municipal  Work  In  Cambridge.*      Julian   Julian.      (114)      June. 
Rpplanning   and    Districting   Sacramento,    Calif.*      (13)      Sept.    7. 

*  Illustrated. 


October,  1916.]        CURRENT  ENGINEERING   LITERATURE  683 

Railroads. 

Petrol-Electric  Rail  Motor  Car.*      (23)      Aug.  18. 

New   Express    Passenger    and    Goods    Locomotives    for   the    French    State    Railways.* 

(23)      Aug.   18. 
Commercial  Motors  for  Railway  and  Industrial  Purposes.      (23)      Aug.  18. 
A    New    Terminus    for    the    Southern    Railway    at    Birmingham,    U.    S.    A.*      (23) 

Aug.  25. 
All-Electric    Signalling    at    Adelaide,    South    Australia.*      C.    G.    Pilkington.      (23) 

Aug.  25. 
Mallet  Locomotive  for  the  Baltimore  and  Ohio  Railway.*      (11)      Aug.  25. 
Erie  Railroad  50-Ton  Hopper  Cars.*      (25)      Sept. 
Simple  Methods  of  Collecting  Scrap.*      J.  B.  Baker.      (87)      Sept. 
Two  Ballast  Plants  on  the  Alton.*      (87)      Sept. 
Methods  of  Repairing  Track  Tools.*      (87)      Sept. 

Considerations  in  Guard  Rail  Design.*      .Tames  G.  Wishart.      (87)      Sept. 
Preventing  Right  of  Way  Fires.*      E.  R.  Lewis.      (87)      Sept. 
A   Machine   to   Oil    Track   Fastenings.*      (87)      Sept. 
Garratt  Type  Locomotives  for  Brazil.*      (25)      Sept. 
Locomotive   Boiler    Efficiency ;    Not    Governed    by    Mere   Extent   of   Heating    Surface ; 

Firebox  Offers  Largest  Field  for  Improvement.*      J.  T.  Anthony.      (25)      Serial 

beginning  Sept. 
Daylight  Lamp  Signals  on  the  Pennsylvania  Railroad.*      (12)      Sept.  1. 
The    Present    and    Future    Development    of    Interurban    Railways.     F.    W.    Doolittle. 

(17)      Sept.  2. 
Hospital  Train  for  the  U.  S.  Army.      (18)      Sept.  2. 

Signals  on  the  Scranton  &  Binghamton  Railway  System.*      (17)      Sept.  2. 
Rehabilitation  of  Freight  Car  Equipment,  M.   K.  &  T.  R.  R.*      (18)      Sept.  2. 
Montreal  &  Southern  Counties  Railway  ;  St.  Cesaire-Granby  Extension  Forms  a  New 

Milestone  in  Canadian  High-Speed  Electric  Railway  Development.*      (17)      Sept.  2. 
Steel  Car-Repair  Shed  with  Cement-Tile  Roof.*      (13)      Sept.  7. 
Experimental  Track  in  Holland.*      K.  den  Tex.      (IS)      Sept.  8. 
Cost  of  Installation  of  Automatic  Train  Control  in  Connection  with  Automatic  Block 

Signals.      A.  G.  Shaver.      (18)      Sept.  9. 
Six-Cent  Fare  Disallowed  for  Bay  State.      (17)      Sept.  9. 
New  Central  Railway  Station  in  Leipsic*      (15)      Sept.  15. 
Caboose  for  Nashville,  Chattanooga  &  St.   Louis.*      (15)      Sept.   15. 
Recent  Baldwin  Locomotives  for  Export.*      (15)      Sept.  15. 
New  Lehigh  Valley  Terminal   at  Buffalo.*      (15)      Sept.   15. 
Cableway  Railroad  Affords  Access  to  Nevada  Quarry.*      (14)      Sept.  16. 
Handling  of  Filipino  Labor  One  of  the  Problems  in  Construction  of  Baguio  Railroad.* 

W.  M.  Butts.      (14)      Sept.   16. 
Track  Maintenance.*     Kenneth  L.  Van  Auken.      (18)   Sept.  16;    (14)   Sept.  2. 
The    Baldwin   Locomotive   Works,    Decauville   Type   Locomotives   for   Light    Service.* 

(86)      Sept.  20. 
A  Brazilian  Railroad  Shop.*      (72)      Sept.  21. 

Train  Handling  on  Heavy  Grades.      Edward   F.   McKenzie.      (15)      Sept.   22. 
Dallas    Railway    Completes    Seven-Track    Interurban    Terminal.*      Edwin    T.    Moore. 

(17)      Sept.  23. 
Pounding  Prevented  in  100-Ft.  Santa  Fe  Turntable.*      (14)      Sept.  23. 
Illinois  Central  R.  R.'s  Plan  for  New  Terminal  in  Chicago.*      (18)      Sept.  23;    (IS) 

Sept.  22. 
Types  of  Dump-Cars  Used  on  Construction  Work.*      (13)      Serial  beginning  Sept.  28. 
Valuation   of   Rock   Island   Terminal   Zone   in   Chicago   Presents   Many   Special   Prob- 
lems.*     C.  W.  Stark.      (14)      Sept.  30. 


Railroads,  Street. 

Concrete  Lined  Tube,   12  000   Feet   in  Length.*      (67)      Sept. 

The  Fundamentals   of   Power   Saving.     William  Arthur.      (17)      Sept.    2. 

Equipment  of  the  "Safety"   Car.*      (17)      Sept.   2. 

Home-Made   Frogs.*      C.    Benham,    Jr.      (17)      Sept.    2. 

New  York  Subway's  Largest  Elevator  Shaft  Sunk  under  Forty-Second  Street.* 
(14)      Sept.    2. 

The  Paving  of  Street  Railway  Track  Areas.*      L.  McLaren  Hunter.      (96)      Sept.   7. 

Methods  of  Handling  Track   Work   in   Kansas   City.*      (17)      Sept.    9. 

Unballasted  Track  Gives  50  Per  Cent.  Lower  Maintenance  Cost.*  William  S. 
Twining.      (17)      Sept.    16. 

Installation  and  Maintenance  of  Car  Lightning  Arresters.*  R.  H.  Parsons.  (17) 
Sept.    16. 

Steam  Shovel  Excavation  in  Shallow  Cuts  (for  Chicago  Surface  Lines).*  Tirrell  J. 
Ferrenz.      (86)      Sept.  20. 

Pneumatic  Machines  Reduce  Tamping  Gangs  from  Six  to  Two  (on  Electric  Rail- 
ways).*     H.  L.  Hicks.      (17)      Sept.  23. 

*  Illustrated. 


October,  1916.]        CURRENT  ENGINEERING   LITERATURE  685 

Roads  and  Pavements. 

The  Manufacture  of  Concrete  Flags  as  a  Municipal  Undertaking.  J.  W.  Tomlinson. 
(114)      .Tune. 

Bituminous    Road    Surfacing    Scheme.*      A.    Dryland.      (114)      June. 

Penetration  Methods  with  Refined  Tars.  A.  W.  Dean.  (Paper  read  before  the 
Canadian    Internat.    Good    Roads    Congress.)       (96)      Aug.    31. 

Granite   Pavement   Construction    in    Brooklyn,    N.    Y.*      (60)      Sept. 

Street  and  Road  Pavements,  Their  Design,  Construction  and  Maintenance.* 
Charles    Carroll    Brown.      (60)      Serial    beginning   Sept. 

Surfacing  a    Road   at   One   Operation.*      (67)      Sept. 

Asphaltic   Road   Oils   Heated   Quickly   in   Retort.*      (14)      Sept.    2. 

Superelevation    Determined    for    Highway    Curves.*      (14)      Sept.    2. 

Worn  Macadam  Road  Repaired  by  Tar  Spraying.  Robert  H.  McNeilly.  (14) 
Sept.    2. 

Wear  of  Concrete  Pavement  Due  to  Scaling  of  Mortar  Coat.*  T.  R.  Agg  and 
C.  B.  McCullough.  (From  Techincal  Report  No.  1,  Iowa  State  Highway 
Comm.)       (86)      Sept.    6. 

Notes  on  the  Principles  Governing  the  Design  of  the  Gravel  and  Macadam  High- 
ways of  the  Philippine  Islands.      J.  L.  Harrii^on.      (86)      Sept.  6. 

Methods  of  Maryland  Roads  Commission  for  Preventing  Erosion  of  Road  Shoulders 
and   Slopes.*      (86)      Sept.    6. 

Wear  of  Concrete  Pavements  Due  to  Abrasion  of  Mortar  Coat.*  T.  R.  Agg  and 
C.  B.  McCullough.  (From  Technical  Report  No.  1,  Iowa  State  Highway 
Comm.)       (86)      Sept.    6. 

Methods  and  Costs  of  Constructing  Bituminous  Surfaced  Concrete  Roads  in  Cali- 
fornia.*     (86)      Sept.    6. 

Cost  of   Testing   Road-Building   Materials;    New   York.      (13)      Sept.    7. 

Gianite-Block    Pavement    for    a    Residential    Street.*      (13)      Sept.    14. 

Construction  and  Maintenance  of  Roads  in  the  Arid  West.      (13)      Sept.  14. 

Building  the  Storm  King  Road.*      (13)      Sept.   28. 

In  Monolithic  Pavements  in  Vermillion  County,  Illinois,  Brick  are  Laid  Directly 
on   Concrete  Base.*      Harlan  H.   Edwards.      (14)      Sept.   30. 

Sanitation. 

Health   of  Old   Colliers.     J.    S.   Haldane.      (106)      Vol.   51,    Ft.   4. 

Experimental    Work    with    Reference    to    the    Purification    of    Sewage    by    Aeration, 

Activated    Sludge,    Etc.     John    Haworth.      (Abstract   of    paper    read    before    the 

Assoc,  of   Managers   of  Sewage  Disposal   Works.)       (96)      Aug.   31. 
The     Sewage     Disposal     Problem     Confronting     the     City     of     Philadelphia.     W.     L. 

Stevenson.      (109)      Sept. 
Iron   and   Steel    Sewer    Pipe.*      J.   F.   Springer.      (60)      Sept. 
Operating   Costs    in    Combined    Power    and   Heating    Plants.*     Charles    L.    Hubbard. 

(9)      Sept. 
Warm  Air  for  Industrial   Drying  Processes.*      Gilbert  C.   Shadwell.      (101)     Sept.  1. 
Double   Tank   Proposed   for   Residential    Sewage   Plants.*     Waldo    S.    Coulter.      (14) 

Sept.   2. 
Street   Cleaning   with   Power   Driven    Street   Sweepers   at   Los   Angeles,    Cal.*      (86) 

Sept.   6. 
Recommendations   for  a   Model   Street  Cleaning  District.*      (86)      Sept.   6. 
Experience    of    Glasgow,    Scotland,    with    Motor    Street    Sweeping    Machines.      (86) 

Sept.   6. 
Railway    Terminal     Built    over    Large     Drainage    Channel.*      Charles    C.     Hurlbut. 

(13)      Sept.    7. 
Inverted  Sewer  Siphons  under  New   York  Subway.*      (13)      Sept.   7. 
Mechanical     Equipment     in     a     New     York     School.*      Frank     G.     McCann.      (101) 

Sept.  8. 
Plumbing  and   Heating   Systems   in   New  Jail.*      (101)      Sept.   8. 
Electric   Water   Heating   as   Applied    to    Domestic    Service.*     C.    W.    Crosbie.      (73) 

Sept.    8. 
Hot-Water    Heating    Plant    of    the    Crane    Co.,    Chicago.*     Thomas    Wilson.      (64) 

Serial    beginning    Sept.    12. 
Suggested    Design    of    Disposal    Plant    for    Creamery    or    Cheese    Factory    Wastes.* 

A.    Elliott    Kimberly.      (From    Ohio    Public   Health    Journal.)       (86)      Sept.    13. 
Evanston    Intercepting    Sewer,    Chicago,    111.*      (86)      Sept.    13. 
Quantity     of     Gasoline     Necessary     to     Produce     Explosive     Conditions     In     Sewers. 

G.    A.    Burrell    and    H.    T.    Boyd.      (Abstract    from    a    report    to    the    Bureau    of 

Mines.)       (86)      Sept.    13. 
Remarkable  Efficiency  Test  of  Imhoff  Tank.     H.  V.  Hinckley.      (86)      Sept.   13. 
Cost  of  Laying  Tile  Drain  on   Two   Jobs.*      H.   R.  Ferris.      (86)      Sept.   13. 
Effect  of  Sewer  Gas  on   Concrete   in   a   Chicago   Sewer.*      (13)      Sept.   14. 
Air   Movement   in   Mine  Ventilation.*      (101)      Sept.    15. 
Electrolytic   Sewage-Treatment  Tests   at  Durant,   Okla.*      (13)      Sept.   21. 
Research  Work  for  the  Operating  Engineer — Heating  Problems.*      Charles   L.    Hub- 
bard.     (64)      Sept.    26. 

•  Illustrated. 
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Sanitation — (Contio  ued). 

Successful      Sewage      Disposal      by      Broad      Irrigation.*     Terrell      Bartlett.      (13) 

Sept.  28. 
Refuse   Incinerator   for   Queens  Borough,   New   York   City.*     J.   C.   Woodman.      (13) 

Sept.    28. 

Structural. 

The   New    Eastern   Entrance   to   the   Canadian    National   Exhibition.      E.    M.   Proctor. 

(96)      Aug.   31. 
Concreting.*      W.    J.    Potter.      (67)      Sept. 
The    Economical    Brick    Mortar.      (67)      Sept. 
Columns    in    First    Floor   of    Boston    Theater    Avoided    by    Use    of    106-Foot    Truss.* 

(14)      Sept.    2. 
Test  Earth   Pressures  In   Subway   Excavation.*      (14)      Sept.   2. 
Failure    of    Roxbury    School    Building    Apparently    Caused    by    Faulty    Brick    Piers.* 

(14)      Sept.  2. 
EJccentric    Loading   on    Columns    Discussed    Accompanied    by    Formulas    and    Table.* 

R.   Fleming.      (14)      Sept.    2. 
Complete  Tests  of  Mortars  and  Concretes  Reported  by  U.   S.   Bureau  of  Standards.* 

(14)      Sept.    2. 
Why  Highly   Oxidized   Red  Lead   is   Superior.     G.   W.   Thompson.      (82)      Sept.   2. 
Graphical    Analysis    of    Continuous    Beams    by    the    Use    of    the    Principle    of    Con- 
tinuity.*    Cyril   Provo  Hubert.      (96)      Sept.   7. 
Follow   this    Advice    in    Cold    Weather    Concreting.      (14)      Sept.    9. 
Cantilevers   Carry   Building   Columns   above   Tunnel.*      (14)      Sept.   9. 
Rlab-and-Beam   Floor   without   Shear   Stirrups.*      J.    H.   Byrd.      (14)      Sept.   9. 
Normal   Fracture  of  Good   Malleable  Iron.*      Enrique   Touceda.      (Paper   read  before 

the    Am.    Foundrymen's   Assoc.)       (20)      Sept.    14. 
Countersunk   Rivets.      R.   Fleming.      (13)      Sept.   14. 
The    Presence    of    Alumina    in    Steel.*      George    F.    Comstock.      (From    paper    read 

before  the  Am.   Foundrymen's   Assoc.)       (20)      Sept.   14. 
Marquise  Construction  for  Entrance  Canopy.*      T.  H.  J.        (101)      Sept.  15. 
The   Effect  of  Corrosion  on  the  Ductility  and  Strength  of  Brass.*      Paul   D.   Merica. 

(105)      Sept.    15. 
Design    of    Factories    for    the    Manufacture    of    Dyestuffs.*     Perclval    Robert    Moses. 

(105)      Sept.    15. 
Rock   Island  Finds   Concrete   Cribbing  Effective.*      (14)      Sept.   16. 
Effect  of  Vibration   in   Factory   Buildings.      (14)      Sept.   16. 
Motor  Trucks   Distribute  Materials  within  the  Job.*      (14)      Sept.   16. 
Steel    Arches    are    Designed   to    Eliminate   Rim   Tension    in    Oil    Reservoirs.*      Henry 

B.    Post.      (14)      Sept.    16. 
Insurance    Rates    Call    for    Grading   of   Cities.      (14)      Sept.    23. 
Large    Mill-Refuse    Burner    Built    of    Concrete    and    Brick.*      N.    J.    Blagen.      (13) 

Sept.    28. 
Big  Stack  Falling  from   Broken   Boom   Tests   Concrete  Floor.*      Henry   Blood.      (13) 

Sept.    28. 
New    Columns    and    Trusses    to    Support    Added    Stories    in    Engineering    Societies 

Building.*      (14)      Sept.    30. 
Creosoting  Effective   for  Fence   Posts.*      (14)      Sept.   30. 

Topographical. 

A    Method    of    Transforming    Latitude    and    Longitude    into    Plane    Co-Ordlnates.* 

Sturgis   H.   Thorndike.      (109)      Sept. 
Combination    of    Plane    Table    and   Transit    for   Topography.*     Holbert    T.    Johnson. 

(13)      Sept.    14. 

Water  Supply. 

Comparative  Water  Service  Costs.      P.  M.  La  Bach.      (87)      Sept. 

Progress  of  Water  Disinfection  in  Maryland.*      Robert  B.  Morse  and  Harry  R.  Hall. 

(28)      Sept. 
Experience  with  Wood  Pipes  in  New  Hampshire.*      Arthur  W.  Dudley.      (28)      Sept. 
Report  of  Committee  on  Meter  Rates  of  the  New  England  Water  Works  Association. 

(28)      Sept. 
The  Proposed  Auxiliary  Water  Supply  of  Brockton,   Mass.*     Robert  Spurr  Weston. 

(28)      Sept. 
Rapid  Sand  Filters  in  Ohio.      (60)      Sept. 
Elephant  Butte  Dam.*      (12)      Sept.  1. 

Two  Small  Hydroelectric  Plants  in  New  Zealand.*      (12)      Sept.  1. 
Measuring    Water    With    a    Weir    Meter.*      E.    G.    Bailey.      (Paper    read    before    the 

Ohio  Soc.  of  Mech.,  Elec.  and  Steam  Engrs.)       (105)      Sept.   1. 

*  Illustrated. 
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Water  Supply— (Continued). 

Solids  a  Problem  at  Power  Plants  in  Northwest.*      John  Harisberger.     (14)     Sept.  2. 
The  Strawberry  Drop-Filled  Dam.*      (Ill)      Sept.  2. 

Cumulative  Counterweights  Feature  Spillway  Crest.      Joseph  Wright.      (14)      Sept.  2. 
Concrete   Dam   Far   from    Railroads   Built   Largely   with    Materials   at   Hand.*      (14) 

Sept.   2. 
Chlorinating    the    Water    Supply    of    Greater    New    York.*      T.    D.    L.    Coffin.      (13) 

Sept.  7. 
Hydrated    Lime    Pays    at    Council    Bluffs    Settling    Basins.      J.    B.    Thornell.      (13) 

Sept.  7. 
Setting  10  000  Water  Meters.*      (13)      Sept.  7. 
Melted   Snow  Supplies  Water  to  Arid  District.*      (13)      Sept.   7. 
Stopping  Underground  Leakage  from  a  Power  Dam.*      (13)      Sept.  7. 
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THE  YALE  BOWL 


By  Charles  A.  Ferry,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  November  15th,  1916. 


Synopsis. 


This  paper  is  descriptive  of  the  new  amphitheater  constructed  for 
the  Athletic  Department  of  Yale  University.  It  is  the  largest  structure 
of  the  kind  in  the  world,  and  provides  seating  accommodation  for  nearly 
61  000  spectators,  a  press-stand  for  about  250  reporters,  and  a  photo- 
graphers' stand  for  about  50  operators.  It  is  in  the  form  of  a  four- 
center  oval,  300  by  500  ft.  from  face  to  face  of  the  inner  retaining  walls, 
and  about  750  by  930  ft.  over  all,  covering  an  area  of  about  12^  acres. 

The  points  to  be  observed  in  planning  the  structure  were :  large  seat- 
ing capacity ;  ample  entrances,  in  order  to  avoid  congestion  at  any 
point ;  strength  and  durability,  with  low  cost  both  for  construction  and 
maintenance;  and  safety,  especially  for  spectators.  To  meet  these  con- 
ditions, an  excavation  about  27^  ft.  deep  was  made  on  the  area  required 
for  a  playing  field,  and  the  material  thus  obtained  was  used  for  building 
a  surrounding  embankment  to  a  height  of  about  26  ft.  above  the  general 
surface  of  the  ground,  its  inner  slope  being  continuous  with  that  of  the 
excavation. 

The  inner  face  of  the  slope,  in  excavation,  was  covered  with  rein- 
forced concrete,  built  in  the  form  of  steps,  on  which  were  fastened 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion   in  full,   will  be   published   in  Transactions. 
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benches  for  the  spectators.  A  temporary  wood  facing,  with  benches, 
was  built  on  the  inner  slope  of  the  embankment,  for  use  until  the  em- 
bankment had  become  consolidated.  The  outer  slope  was  seeded  with 
grass.  Thirty  reinforced  concrete  tunnels  give  access,  through  the 
embankment,  to  the  spectators'  seats;  and  two  tunnels  for  the  accom- 
modation of  the  players,  run  directly  to  the  field.  The  drainage  from 
the  playing  field  and  the  outer  slopes  of  the  embankment  is  taken  by 
a  sewer  discharging  into  a  river  which  runs  near  the  Bowl. 

The  material  was  placed  in  the  embankment  in  6-in.  layers,  each 
thoroughly  watered,  and  then  rolled  with  two  rollers,  one  grooved  and 
the  other  smooth,  one  following  in  the  track  of  the  other.  Drag-line 
scrapers,  operated  from  85-ft.  towers  running  on  a  four-rail  track  laid 
outside  the  structure,  and  steam  shovels,  operating  within  the  Bowl, 
were  used,  principally,  for  building  the  embankment.  The  shovels 
filled  bottom-dump  wagons  which,  with  the  teams  of  horses,  were  drawn 
up  the  slope  by  hoisting  engines  on  the  top  of  the  embankment.  Bottom, 
side-dump  cars,  and  chutes  were  used  for  conveying  the  concrete  from 
the  mixers. 

One  of  the  special  features  of  the  construction  is  a  cantilever  retain- 
ing wall,  45^  ft.  high,  which  forms  one  of  the  walls  of  the  proposed 
gate-house. 


History. 


Football,  the  most  popular  of  college  athletic  sports,  though  one 
of  the  oldest,  is,  under  its  new  rules,  one  of  the  most  modern  of  field 
sports.  The  first  intercollegiate  football  match  in  the  United  States, 
between  Yale  and  Harvard,  was  played  in  1876,  and  Mr.  Walter  Camp, 
the  so-called  father  of  American  football,  is  still  one  of  the  most  valued 
advisors  of*  Yale  teams. 

It  was  not  until  1896,  however,  that  the  attendance  at  Yale  games 
called  for  special  accommodations  for  spectators  at  the  intercollegiate 
matches.  In  that  year,  the  Yale  Athletic  Association,  to  provide  for 
any  probable  future  demand  for  seats,  built  a  stand  to  accommodate 
about  18  000  persons.  Contrary  to  expectations,  however,  this  stand 
soon  proved  inadequate  to  meet  the  demand  for  seats  from  those  who 
desired  to  witness  the  %ig"  games,  and  additions  to  the  stands  were 
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made  from  time  to  time  until  they  finally  contained  33  090  sittings 
and  the  practical  limit  of  size  for  a  stand  in  that  location  was  reached. 
These,  so  far  as  the  writer  knows,  were  the  largest  wooden  stands  ever 
erected. 

In  1904  Harvard  erected  its  steel  and  reinforced  concrete  stadium, 
to  accommodate  about  23  000  spectators. 

As  the  wooden  stands  at  Yale  were  not  painted,  exposure  to  the 
weather  caused  rapid  deterioration,  and  the  annual  expense  for  repairs 
amounted  to  from  $10  000  to  $12  000.  In  addition  to  this  tax,  the  danger 
of  the  destruction  of  the  stands,  by  fire  or  otherwise,  immediately  pre- 
ceding the  date  set  for  a  game,  thereby  necessitating  its  cancellation, 
and  the  thought  of  the  much  greater  catastrophe  of  a  fire  occurring  in 
them  during  the  progress  of  a  game,  thereby  creating  a  panic  in  the 
great  crowd  of  spectators,  caused  much  anxiety  on  the  part  of  the  man- 
agement, and,  in  1910,  resulted  in  a  movement  to  secure  a  permanent, 
more  commodious,  and  fire-proof  structure. 

The  Corporation  of  the  University  appointed  a  committee  of  seven 
graduates  to  consider  the  whole  question  of  athletic  development  at 
the  University  and  the  provision  of  suitable  accommodations  for  spec- 
tators at  intercollegiate  games.  This  committee  recommended  an  in- 
crease in  the  facilities  for  out-door  athletics,  and  the  erection  of  a 
stadium  for  football;  and,  on  its  further  recommendation,  a  committee 
of  twenty-one  was  appointed  to  carry  the  latter  into  effect. 

This  committee  was  organized  under  the  name  of  "The  Yale  Com- 
mittee of  Twenty-one,  Incorporated",  and  began  to  carry  its  instruc- 
tions into  effect  by  the  purchase  of  about  87  acres  of  land  near  the  old 
athletic  field,  which,  with  the  latter,  gave  a  total  area  of  about  110  acres 
available  for  development,  divided  into  five  separate  fields  by  intersect- 
ing streets. 

Three  plans  of  widely  varying  type  were  suggested  for  the  proposed 
stadium:  First,  a  steel  structure  composed  of  separate  units  mounted 
on  wheels  and  designed  so  that  these  units  could  be  moved  in  such 
manner  as  to  provide  a  stand  for  either  football  or  baseball  as  necessity 
might  require;  second,  a  reinforced  concrete  structure  based  on  the 
model  of  the  Roman  Colosseum,  to  seat  50  000  persons  and  designed 
for  football  only;  and  third,  the  plan  suggested  by  the  writer,  for  a 
stand  constructed  of  earth  faced  with  concrete,  somewhat  similar  to 
reservoir  construction,  from  which  the  idea  was  derived. 
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The  first  plan  offered  difficiilties  in  the  way  of  providing  for  suitably 
rigid  foundations,  on  which  the  sections  of  the  stand  could  be  moved, 
without  interfering  with  the  playing  fields;  the  second  was  prohibitive 
on  account  of  its  cost,  which  was  estimated  to  be  about  $750  000.  The 
third  plan,  offering  as  it  did  a  stable,  permanent,  and  fire-proof  struc- 
ture at  a  minimum  of  cost,  both  for  construction  and  maintenance, 
was,  as  subsequently  modified,  adopted. 

The  plan  as  first  presented  was  markedly  different  in  shape  from 
the  Bowl  as  constructed,  although  the  method  of  construction  was  the 
same.  As  first  planned,  it  provided  for  football  and  baseball  fields, 
with  a  quarter-mile  running  track,  a  220-yd.  straight-away  track,  and 
spaces  for  pole  vaulting  and  jumping  events,  all  surrounded  by  a  single 
stand,  an  irregular  heptagon  in  shape  and  of  sufficient  size  to  seat 
50  000  persons.    This  stand  was  estimated  to  cost  about  $170  000. 

Objection  being  made  to  having  any  part  of  the  baseball  field  used 
for  football  and  on  account  of  the  possible  interference,  in  practice,  by 
teams  in  different  departments  of  athletics,  the  writer  was  requested 
to  change  the  plans  to  provide  for  football  only,  and  a  structure,  sub- 
stantially on  the  lines  of  the  present  Bowl,  was  designed.  This,  for  a 
seating  capacity  of  50  000,  was  estimated  to  cost  about  $235  000.  In 
this  plan  the  outer  retaining  wall  and  the  tunnels,  except  the  main 
tunnels  to  the  field,  were  omitted,  the  entrances  for  the  spectators  being 
by  steps  leading  over  the  top  of  the  embankment.  With  the  change  in 
plans  to  provide  for  60  000  spectators,  the  embankment  became  so  high 
that  tunnels  for  entrances  became  desirable,  and  this  necessitated  the 
erection  of  the  outer  retaining  wall. 

During  the  development  of  the  plans,  two  questions  were  prom- 
inently raised  concerning  the  probable  stability  of  a  concrete  structure 
built  on  an  earth  slope  varying  from  1  on  2^  to  1  on  4:  First,  whether 
expansion  and  contraction,  due  to  temperature  changes,  and  the  heav- 
ing effects  of  frost  in  the  underlying  sand  would  not  gradually  move  the 
concrete  down  the  slope  and,  eventually,  pile  it  in  a  disordered  heap  at 
the  bottom;  and  second,  whether  material  in  the  embankment  could  be 
compacted  so  solidly  that  subsequent  settlement  would  not  crack  the 
concrete  injuriously. 

To  answer  the  first  of  these  questions  so  far  as  possible  a  few  simple 
experiments  were  made  regarding  frost  action.  A  sample  of  the  sand 
was  taken  from  the  field  within  a  few  hours  after  a  very  heavy  rain. 
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and  it  was  found  that  only  about  23%  of  the  volume  of  the  voids  was 
filled  with  water,  the  total  volume  of  the  voids  being  about  37%  of  the 
volume  of  the  sand  when  compacted.  A  bottle,  about  10  in.  in  length 
and  1  in.  in  diameter,  with  a  sharply  contracted  neck,  was  then  filled 
with  sand  thoroughly  compacted,  and  with  sufficient  water  added  to 
fill  23%  of  the  voids.  The  mixture  was  then  frozen,  but  no  indication 
of  any  expansion  of  the  mass  was  noticed.  A  similar  experiment  with 
50%  of  the  voids  filled  with  water  produced  a  like  result.  The  experi- 
ment was  then  repeated  with  75%  of  the  voids  filled,  and  the  bottom  of 
the  bottle  was  cracked  off. 

To  ascertain  the  extent  to  which  water  would  be  retained  in  the 
sand  by  capillary  action,  the  bottle  was  filled  with  sand  saturated  with 
water.  A  piece  of  linen  was  then  tied  over  the  mouth  of  the  bottle 
which  was  then  reversed  and  the  water  allowed  to  drip.  In  2  min.  about 
16%  of  the  water  had  run  out.  The  bottle  was  then  set,  mouth  down, 
in  a  bed  of  sand,  the  broken  off  bottom  being  replaced  in  order  to  lessen 
evaporation  from  that  end.  After  24  hours  67%  of  the  water  had  run 
out,  and  80%  at  the  end  of  8  days.  It  was  concluded,  therefore,  that, 
as  the  slope  was  to  be  entirely  covered  with  concrete,  thereby  excluding 
all  water  except  such  as  could  pass  through  the  expansion  joints,  the 
danger  of  any  disintegrating  effect  resulting  from  frost  in  the  under- 
lying sand  might  be  neglected. 

As  the  steps  were  to  be  built  in  the  form  of  horizontal  arches,  it  was 
thought  that  these  would  take  care  of  any  possible  movement  due  to 
temperature  changes. 

To  provide  for  a  possible  settlement  of  the  embankment,  it  was  sug- 
gested that  the  steps  be  built  in  the  form  of  reinforced  concrete  slabs, 
somewhat  after  the  plan  in  the  Harvard  Stadium,  supported  on  rein- 
forced concrete  girders  resting  on  concrete  piers  built  into  the  earth, 
the  girders  being  raised  a  few  inches  above  the  face  of  the  slope.  Then, 
in  case  of  any  settlement,  the  girders  could  be  shimmed  up  on  the  piers, 
and  the  structure  restored  to  its  original  form.  The  estimated  cost  of 
this  plan,  however,  proved  to  be  so  much  in  excess  of  that  for  concret- 
ing directly  on  the  earth  that  it  was  abandoned,  and  it  was  decided  to 
concrete  first  only  the  portion  of  the  slope  in  excavation,  and  to  provide 
the  face  of  the  embankment,  temporarily,  with  a  wooden  superstructure, 
until  such  time  as  the  embankment  had  ceased  to  settle. 
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Description. 

The  Bowl,  as  constructed,  has  a  playing  field,  oval  in  plan,  300  by 
500  ft.,  varying  from  a  true  ellipse  by  about  6  ft.  at  the  point  of  greatest 
divergence,  the  radius  of  the  sides  being  420  ft.  and  that  of  the  ends 
120  ft. 

The  old  wooden  stands  had  been  built  with  straight  sides  and  ends, 
the  corners  being  filled  in  with  sections  at  45°  to  these  lines.  The  Har- 
vard and  Princeton  Stadia  have  straight,  parallel  sides,  joined  by  a 
curved  section  at  one  end,  the  other  being  left  open.  In  such  stands  a 
person  occupying  a  seat  on  a  side  near  one  end  cannot  get  a  good  view 
of  plays  on  the  same  side  of  the  field  near  the  opposite  end.  The  oval 
form  was  adopted  for  the  Bowl  in  order  that  all  the  spectators  might 
have  an  unobstructed  view  of  the  plays  in  whatever  part  of  the  field 
they  might  occur.  This  form  also  enables  each  spectator  to  obtain  a 
view  of  the  entire  audience,  a  very  thrilling  spectacle  when  all  the  seats 
are  filled  and  every  one  is  roused  to  a  high  pitch  of  excitement  by  some 
brilliant  play. 

The  space  between  the  outer  lines  of  the  gridiron  and  the  surround- 
ing wall  is  of  sufficient  width  to  permit  of  a  running  track,  20  ft.  wide 
and  of  a  length  only  200  ft.  short  of  i  mile.  As  there  was  not  room 
for  a  220-yd.  straight-away  track — a  feature  which  is  considered  neces- 
sary for  an  athletic  field — without  tunneling  under  the  seating  section, 
the  track  feature  has  been  abandoned  for  the  Bowl.  The  playing  field 
is  laid  out  so  that  the  5-yd.  lines  point  toward  the  sun  at  3  P.  M.  in 
the  middle  of  November,  the  time  when  the  principal  match  games  are 
played,  thus  making  the  lighting  of  the  two  ends  of  the  field  the  same. 

The  earth  was  scooped  out  over  the  area  to  be  occupied  by  the  play- 
ing field  and  piled  up  in  an  embankment  surrounding  it,  the  inner  slope 
of  the  latter  being  continuous  with  that  of  the  inner  face  of  the  exca- 
vation. The  depth  of  the  excavation  was  about  27^  ft.  below  the  gen- 
eral surface  of  the  ground,  and  the  top  of  the  embankment  about  26 
ft.  above  it,  making  the  total  elevation  from  the  surface  of  the  field 
to  the  top  of  the  fill  53i  ft. 

The  inner  face  of  the  slope  was  graded  to  a  smooth  surface,  with 
vertical  as  well  as  horizontal  curves,  to  serve  as  a  foundation  for  the 
sixty  concrete  steps.  The  tread  of  the  steps  is  uniformly  30  in.,  with 
the  exception  of  the  step  at  the  inner  portal  of  the  tunnels,  which  is  52 
in.  wide  and  is  used  as  a  cross-aisle.    The  bottom  step  is  4  ft.  above  the 
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playing  field,  and  the  height  of  the  steps  increases  uniformly  by  0.006 
ft.  from  the  bottom  riser,  which  is  8  in.  high,  to  the  top  one,  which  is 
12J  in.  high. 

The  dishing  shape,  formed  by  this  combination  of  vertical  and  hori- 
zontal curves,  suggested  the  name  "Bowl"  which  has  been  given  to  the 
structure,  and  provides  advantages  to  the  spectators  for  viewing  pro- 
ceedings on  all  parts  of  the  field  not  possessed  by  any  other  large  stand. 
The  vertical  curve  gives  a  person  occupying  the  top  seat  the  same 
facility  for  seeing  over  the  heads  of  the  persons  occupying  the  seats 
in  front  of  him  as  that  possessed  by  the  spectators  in  the  lower  rows, 
the  clearance  being  practically  the  same  in  all  the  rows  of  seats  from 
a  point  about  200  ft.  from  the  inner  retaining  wall. 

The  embankment  is  15  ft.  wide  on  the  top  in  order  to  allow  room 
for  a  promenade,  12^  ft.  wide,  back  of  the  top  row  of  seats,  and  then 
slopes  down  to  a  retaining  wall,  the  top  of  which  is  9  ft.  above  the  sur- 
face of  the  ground  outside  the  Bowl.  This  slope  is  1  on  2,  except 
opposite  the  portals,  where  it  had  to  be  steeper  on  account  of  the  recess- 
ing of  the  portals  into  the  embankment. 

Ketaining  Walls. 

The  playing  field  is  surrounded  by  a  retaining  wall,  4  ft.  high,  its 
top  being  level  with  the  tread  of  the  bottom  step  of  the  seating  section. 
This  wall  is  surmounted  by  a  parapet  which,  with  a  12-in.  coping,  is  27 
in.  high.  The  outer  retaining  wall  is  finished  with  a  coping  12  in.  thick, 
the  front,  top  corner  of  which  is  rounded  to  a  curve  with  a  6-in.  radius, 
in  order  to  render  the  wall  more  difficult  to  scale,  in  case  any  one  de- 
sired to  take  a  short  cut,  financially,  into  the  Bowl  to  witness  a  game. 
The  pilasters  project  3  in.  from  the  face  of  the  wall.  They  are  carried 
up  6  in.  above  its  top,  and  are  finished  with  a  cap  30  in.  square  over  the 
front  portion  of  the  wall.  For  convenience  in  construction,  both  retain- 
ing walls  wei'e  made  as  chords  instead  of  arcs  or  circles,  the  angles 
being  at  the  pilasters,  which  also  serve  as  expansion  joints.  The  outer 
portals  are  recessed  9  ft.  into  the  embankment,  and  are  joined  to  the 
main  wall  by  curved  wing-walls. 

Tunnels. 

Thirty  tunnels  through  the  embankment  are  provided  as  entrances 
to  the  amphitheater  for  spectators.     These  are  all  7  ft.  wide  and  8  ft. 
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high.  They  start  from  the  level  of  the  ground  outside  the  Bowl  and 
terminate  at  the  twenty-fifth  row  of  seats  from  the  bottom,  where  they 
are  spaced  uniformly  along  .the  cross-aisle.  As  the  level  of  the  ground 
opposite  the  main  gate-house  is  11  ft.  lower  than  that  on  the  opposite 
side,  these  tunnels  are  all  on  a  slope,  those  on  the  westerly  side  being 
down  toward  the  field  on  a  maximum  grade  of  2.37%,  and  those  on  the 
easterly  side  up  on  a  maximum  grade  of  4.18  per  cent.  The  end  tunnels 
have  grades  of  0.24  and  0.26%,  respectively,  just  siifficient  to  afford  good 
drainage. 

In  addition  to  the  thirty  spectators'  tunnels,  there  are  two  for  the 
players,  which  can  also  be  used  as  exits  for  the  spectators.  These  run 
from  the  level  of  the  ground  outside  the  Bowl  directly  to  the  playing 
field.  The  one  on  the  easterly  side,  15  ft.  wide  and  10  ft.  high,  affords 
facilities  for  carting  in  loads  of  hay  or  straw,  when  necessary  to  pro- 
tect the  field  from  frost.  It  has  a  grade  of  6.33  per  cent.  The  other 
tunnel  is  10  ft.  wide  and  8  ft.  high.  The  difference  in  elevation  between 
the  portals  of  this  tunnel  being  too  great  to  admit  of  a  straight  ramp 
for  its  entire  length,  a  double  flight  of  steps,  with  an  intermediate  plat- 
form 6  ft.  wide,  was  built  at  the  outer  end  and  then  a  ramp,  on  a  grade 
of  7.55%,  for  the  remainder  of  the  distance  to  the  field. 

The  footings  of  the  tunnels  were  all  made  monolithic,  but  the  re- 
maining portion  was  divided  into  lengths,  not  exceeding  30  ft.,  by 
expansion  joints.  Each  joint  was  made  by  inserting  in  the  side-wall 
forms  steel  plates  bent  to  form  a  tongue  and  groove  with  flaring  sides. 
On  one  side  of  these  plates  was  placed  a  strip  of  tarred  felt  and,  as  the 
forms  were  filled,  the  plates  were  drawn  up  out  of  them,  leaving  the 
felt  embedded  in  the  concrete,  thereby  preventing  the  bonding  of  the 
adjoining  sections.  This  device  enabled  the  contractor  to  complete  a 
tunnel  at  one  pouring,  instead  of  being  obliged  to  wait  two  or  three 
days  for  the  concrete  in  one  set  of  sections  to  set  before  pouring  the 
intermediate  ones. 

The  sides  and  roof  of  each  tunnel  are  reinforced  with  steel  and, 
down  to  a  line  just  below  the  underside  of  the  roof,  are  water-proofed 
with  three  layers  of  roofing  felt  and  one  layer  of  Tartex,  all  cemented 
together  and  to  the  concrete  with  roofing  pitch.  On  top  of  this  a  1-in. 
protective  coating  of  cement  mortar  was  laid. 

The  sides  of  the  tunnels,  below  the  water-proofing,  and  the  backs 
of  the  retaining  walls,  were  mopped  with  hot  roofing  pitch.    Before  the 
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pitch  was  applied,  all  rough  places  on  the  surface  were  smoothed  over 
with  mortar,  and  the  whole  surface  was  then  washed  over  with  a  thin 
grout,  to  insure  the  closing  of  all  "pin  holes".  That  this  treatment  was 
efficacious  in  producing  a  water-tight  wall  was  accidentally  demon- 
strated. Between  the  end-walls  of  the  large  gate-house  and  two  of 
the  adjacent  tunnels  are  spaces  about  2|  ft.  wide.  The  sand  in  these 
pockets  became  covered  with  concrete  and  grout,  spilled  from  the  chutes 
during  the  process  of  building  the  walls,  which  effectually  sealed  the 
interstices  between  the  particles  of  sand,  and  rendered  the  pockets 
practically  water-tight.  "Water  from  the  roof  of  the  tunnels  ran  into 
these  pockets  and,  at  one  time,  stood  about  6  ft.  deep  without  showing 
any  signs  of  leakage  or  even  sweating  inside  the  tunnels. 

The  floor  of  each  tunnel  has  a  granolithic  pavement.  In  the  largest 
tunnel  this  is  8  in.  thick;  in  all  the  others  it  is  6  in. 

All  the  tunnels  are  well  lighted  by  electricity,  there  being  five  100- 
watt  lamps  in  each  of  the  spectators'  tunnels  and  six  in  each  of  the 
others.  Hemispherical  depressions  were  made  in  the  ceiling,  from 
which  lamps  project  down  into  Holophane  globes  suspended  from  the 
under  side  of  the  roof. 

Aisles. 

An  aisle,  52  in.  wide,  extends  around  the  entire  amphitheater  at  the 
inner  portals  of  the  tunnels.  From  this  other  aisles  run  down,  opposite 
each  portal,  to  give  access  to  the  lower  twenty-five  rows  of  seats,  and 
a  flight  of  steps  leads  from  the  lower  end  of  each  of  these  aisles  to  the 
playing  field.  Other  aisles,  one  on  each  side  of  -each  spectators'  tunnel, 
afford  access  to  the  upper  thirty-five  rows  of  seats  and  to  the  prom- 
enade on  the  top  of  the  embankment. 

Grading. 

The  surface  of  the  playing  field  is  graded  to  the  form,  approxi- 
mately, of  a  segment  of  a  football,  the  ground  at  the  center  being 
1  ft.  higher  than  that  at  the  foot  of  the  steps.  On  the  narrow  strip, 
5  ft.  wide,  next  to  the  retaining  wall,  the  grade  is  broken  so  as  to  drain 
to  the  basins  under  the  steps.  The  field  was  first  graded  to  a  sub-grade 
18  in.  below  the  established  grade.  Black  loam,  16  in.  deep,  was  then 
spread  over  the  field  in  two  layers,  each  layer  being  rolled  with  a  5-ton 
roller.     Boston  humus,  1  in.  deep,  was  then  spread  over  the  loam  and 
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harrowed  into  it  to  a  depth  of  about  3  in.,  and  the  entire  area  was  then 
turfed.  A  thin  layer — about  ^  in. — of  sifted  black  loam  was  then 
spread  over  the  turf,  and  grass  seed  was  sowed  and  raked  in.  Although 
the  turfing  was  done  during  the  hot  summer,  and  the  foundation  of 
the  field  was  clean  sand  and  gravel,  judicious  watering  caused  the  grass 
to  begin  to  grow  and,  in  a  few  weeks,  a  firm  field  with  a  strong  turf 
was  obtained. 

'No  sub-soil  drains  were  laid  under  the  field,  as  the  material  is  very 
porous,  and  the  level  of  the  ground-water,  as  indicated  by  a  well  in  the 
vicinity,  is  about  12  ft.  below  the  surface  of  the  field,  thereby  insuring 
good  sub-soil  drainage. 

The  outer  slope  of  the  embankment  was  brought  to  a  sub-grade  10 
in.  below  the  established  grade,  and  then  filled  with  black  loam.  Strips 
of  turf,  1  ft.  wide,  were  then  laid,  8  ft.  apart,  parallel  to  the  edge  of 
the  promenade.  The  remainder  of  the  slope  was  then  seeded  to  grass. 
The  strips  of  turf  were  intended  to  prevent  the  slope  from  gullying  in 
case  of  heavy  rains  before  the  grass  was  sufficiently  grown  to  afford  the 
necessary  protection. 

Besides  the  building  of  the  embankment,  there  was  a  large  amount 
of  grading  around  the  Bowl  to  make  the  grades  of  the  surrounding 
grounds  conform  to  the  neighboring  streets.  In  addition,  Yale  Avenue, 
a  street  about  1  500  ft.  long  and  80  ft.  wide,  was  graded,  the  maximum 
cut  being  about  13  ft.  The  material  from  this  grading,  which  was  not 
required  in  the  embankment,  was  used  for  filling  about  11  acres  of 
marsh,  to  a  depth  of  about  3  ft.,  rendering  it  available  as  playing  fields. 

Drainage. 

The  water  falling  on  the  inner  slope  of  the  amphitheater  is  caught 
in  a  gutter  formed  in  the  top  of  the  retaining  wall  just  in  front  of 
the  first  riser.  This  gutter  is  6  in.  wide,  and  varies  in  depth  from  6  in. 
at  the  center  of  the  panels  to  9  in.  at  the  aisles.  It  is  covered  with  a 
galvanized  cast-iron  grating.  Drain  pipes,  6  in.  in  diameter,  run  from 
this  gutter,  through  the  wall,  and  discharge  on  slightly  dishing  slabs 
of  concrete  built  under  each  of  the  flights  of  steps  which  lead  from  the 
aisles  to  the  playing  field.  In  the  center  of  each  of  these  slabs  is  a 
small  receiving  basin,  covered  with  a  grating,  which  connects,  by  a 
6-in.  drain,  with  the  drain  which  encircles  the  field.  These  basins  also 
receive  the  drainage  from  the  field. 
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The  water  which  falls  on  the  outer  slope  of  the  embankment  is  col- 
lected in  a  gutter  formed  in  the  top  of  the  retaining  wall  near  the  inner 
edge.  This  gutter  is  9  in.  wide  and  6  in.  deep,  with  flaring  sides,  to 
lessen  the  risk  of  the  wall  being  cracked  by  ice,  and  is  connected,  at 
the  lower  end  of  each  section,  by  a  6 -in.  drain  with  the  drain  which 
runs  around  the  outside  of  the  Bowl. 

The  field  drain  connects  with  a  24-in.  pipe  which  runs  under  the 
main  tunnel,  and  the  drain  which  encircles  the  structure  connects  with 
the  same  conduit,  by  a  drop-manhole,  just  outside  the  front  wall  of  the 
proposed  main  gate-house.  The  main  drain  discharges  into  West 
River,  that  portion  which  crosses  the  marsh  being  laid  on  a  reinforced 
concrete  slab  supported  by  piles.  The  capacity  of  the  drains  is  based 
on  a  rainfall  of  2  in.  per  hour. 

Water  Supply. 

To  provide  facilities  for  watering  the  field,  the  outer  slope  of  the 
embankment,  and  the  surrounding  grounds,  there  are  flush  hydrants 
at  frequent  intervals  around  the  playing  field  just  inside  the  inner  re- 
taining wall,  and  outside  the  Bowl  in  the  portal  recesses.  These  are 
connected  with  4-in.  mains  laid  parallel  with  the  retaining  walls  both 
inside  and  outside  the  structure,  and  are  supplied  with  water  from  the 
mains  of  the  ISTew  Haven  Water  Company. 

Gate-Houses. 

Gate-houses,  which  will  contain  showers,  dressing-rooms,  etc.,  for 
the  teams,  will  be  built  at  the  entrances  to  each  of  the  large  tunnels. 
Owing  to  shortage  of  funds,  it  was  decided  to  postpone  the  erection 
of  these  buildings  until  after  the  completion  of  the  seating  portion  of 
the  structure.  In  order  to  complete  the  embankment,  however,  it  was 
necessary  to  construct  the  back  walls  of  each  of  these  buildings.  The 
wall  of  the  smaller  house  is  38  ft.  high  in  its  highest  part.  By  using 
the  end  and  proposed  partition  walls  of  the  building  for  buttresses,  and 
by  the  use  of  a  small  quantity  of  steel  reinforcement,  a  wall  was  de- 
signed which  was  much  lighter  than  would  have  been  necessary  if  a 
gravity  section  had  been  built. 

The  height  of  the  highest  portion  of  the  wall  for  the  main  gate- 
house is  (including  a  3-ft.  parapet)  45^  ft.  For  this  wall  there  was  no 
opportunity  to  obtain  any  lateral  support  from  other  walls,  and  a  canti- 
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lever  wall  was  constructed,  this  type  being  adopted  in  preference  to  a 
counterfort  wall  on  account  of  convenience  in  placing  and  consolidat- 
ing the  back-filling,  although,  probably,  the  latter  would  have  been 
somewhat  cheaper.  This  is,  so  far  as  known  to  the  writer,  the  highest 
wall  of  the  cantilever  type  ever  constructed. 

The  main  reinforcing  rods  in  this  wall  are  1^  in.  square.  For  the 
lower  quarter  of  the  height  the  rods  are  3  in.  apart  on  centers;  for  the 
second  quarter,  6  in. ;  for  the  third  quarter,  12  in. ;  and  for  the  top 
quarter,  24  in.  As  the  wall  was  so  high  that  it  was  impracticable  to 
make  these  rods  in  single  lengths  and  extend  them  down  into  the  foot- 
ing, they  were  made  in  two  pieces  with  an  allowance  of  fifty  diameters 
for  a  splice  just  above  the  top  of  the  footing.  The  rods  were  so  large 
and  the  spacing  so  close  at  the  bottom  that  it  was  deemed  advisable  to 
place  them  in  the  splice,  side  by  side,  on  a  line  at  right  angles  to  the 
direction  of  the  wall.  To  avoid  the  danger  of  the  wall  being  split  by 
the  eccentric  strains  which  might  be  developed  by  this  arrangement, 
and  to  assist  the  concrete  in  transferring  the  strain  from  one  set  of 
rods  to  the  other,  three  clamps  were  used  on  each  splice,  one  each  at 
top,  bottom,  and  middle.  Tests  at  the  Mason  Laboratory  of  Yale  Uni- 
versity showed  that,  with  two  clamps,  a  pull  of  10  000  lb.  was  required 
before  the  rods  would  slip,  thereby  relieving  the  concrete  of  so  much  of 
its  work. 

TOOL-EOOMS. 

Rooms  for  the  storage  of  hose,  tools,  etc.,  required  in  the  care  of  the 
field  and  grounds,  were  made  in  the  embankment,  one  on  each  side  of 
the  approach  to  the  main  tunnel.  These  rooms  are  24i  by  12^  ft.,  and 
of  varying  height,  the  concrete  seating  steps  forming  the  ceiling.  The 
entrance  doors  to  the  rooms  open  on  the  approach  to  the  tunnel. 

Concrete  Facing. 
The  concrete  facing  on  the  portion  of  the  amphitheater  which  is  in 
cut  was  built  in  sections  three  steps  wide  and  of  lengths  varying  from 
3i  to  I7i  ft.,  depending  on  the  location.  Each  block  is  reinforced 
with  steel  in  both  directions  and  at  top  and  bottom,  sufficient  reinforce- 
ment being  used  to  permit  the  blocks  to  sustain  a  live  load  of  50  lb. 
per  sq.  ft.,  whether  they  are  supported  at  the  sides,  ends,  or  middle.  The 
blocks,  at  the  circumferential  joints,  overlap  3  in.  and  are  separated  by 
a  layer  of  tarred  felt.    All  radial  joints  are  butt-jointed,  and  were  given 
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a  coat  of  roofing  pitch,  to  prevent  the  bonding  of  the  blocks,  but  in  the 
middle  joint  in  each  panel  there  was  inserted  a  layer  of  Elastite,  i  in. 
thick,  to  provide  for  expansion. 

The  facing  was  built  in  alternate  blocks,  laid  checker-board  fashion, 
3  days  being  allowed  for  the  setting  of  the  concrete  in  one  set  of  blocks 
before  the  intermediate  ones  were  laid.  The  blocks  forming  the  aisles 
were  laid  last,  as  they  were  the  shortest.  The  slabs  were  all  7  in.  thick 
in  the  thinnest  part,  under  the  junction  of  the  tread  with  the  riser.  In 
addition  to  the  regular  reinforcement,  a  strip  of  wire  lath,  0  in.  wide, 
was  built  into  each  of  the  aisle  steps,  ^  in.  below  the  surface,  in  order 
to  prevent  the  spalling  of  the  corners  of  the  steps. 

To  prevent  the  glare  from  such  a  large  surface  of  concrete,  if  left 
iu  its  natural  color,  and  to  afford  variety  of  coloring,  the  facing  was 
made  a  dark  slate  by  the  addition  of  1  lb.  of  lampblack  to  each  barrel 
of  cement  used  in  the  granolithic  surfacing.  The  inner  retaining  wall 
was  left  in  the  natural  color  of  the  concrete. 

Wood  Facing. 

The  wood  facing,  on  the  slope  of  the  embankment,  consists  of  2 
by  6-in.  sills,  laid  radially  not  more  than  4  ft.  apart.  To  these  were 
spiked  triangular-shaped  blocks,  3  in.  thick  and  18  in.  long  on  the 
upper  edge,  for  supporting  the  tread  of  the  steps,  which  are  18  in. 
wide,  the  remainder  of  the  30-in.  space  allowed  for  each  row  of  seats 
being  left  uncovered.  Although  this  left  the  earth  slope  exposed  to 
the  elements,  the  material  in  the  embankment  is  so  porous  and  absorbs 
water  so  readily  that  little  trouble  has  been  experienced  from  washing 
of  the  embankment. 

Seats. 

The  permanent  seats  built  on  the  concrete  facing  consist  of  2  by 
10-in.  planks,  with  the  upper  side  planed  to  a  curved  surface,  sup- 
ported on  galvanized-steel  standards  anchored  to  the  concrete.  These 
standards  were  made  in  four  different  sizes,  in  order  to  fit  the  varying 
height  of  the  risers  and  make  the  height  of  the  seat  within  the  limits 
of  17|  and  18^  in.  The  back  rest  is  a  1^  by  5-in.  board,  with  the  front 
face  curved  and  the  corners  rounded,  supported  by  2^  by  2i-in.  wooden 
standards  bolted  to  the  backs  of  the  steel  ones.  The  wood  for  the 
permanent  benches  is  rift-sawed  Douglas  fir  from  Oregon.  U-shaped 
Tobin  bronze  bolts  were  specified  for  anchoring  the  steel  standards  to 
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the  concrete,  but  a  lower  price  being  offered  by  the  contractor  for 
Sherardized-steel  anchor-bolts,  the  first  benches  erected  were  anchored 
with  them,  but,  as  these  proved  to  be  not  well  adapted  for  the  purpose, 
their  use  was  abandoned,  and  about  two-thirds  of  the  seats  are  fastened 
with  the  bronze  bolts  as  originally  planned. 

The  temporary  benches  on  the  wood  facing  consist  of  li  by  10-in. 
spruce  boards  supported  by  2  by  12-in.  wood  standards  spiked  to  the 
sills.  These  benches  are  provided  with  back  rests  of  the  same  kind  as 
the  permanent  seats. 

A  minimum  spacing  of  17|  in.,  with  an  average  of  a  little  more 
than  18  in.  was  allowed  for  each  sitting.  With  this  spacing  there  are 
60  G17  seats  for  spectators. 

Press-Stand. 

A  stand  for  the  representatives  of  the  Press  was  erected  on  the 
westerly  side  of  the  Bowl,  just  below  the  top  of  the  embankment. 
This  is  provided  with  two  rows  of  seats,  and  shelves  for  convenience 
in  writing  or  telegraphing.  With  a  spacing  of  21  in.,  this  stand  will 
accommodate  249  persons,  sitting.  In  addition  to  this,  there  is  pro- 
vision for  three  rows  of  persons,  standing,  giving  accommodations  for 
about  400  additional,  or  a  total  of  about  650  in  the  press-stand.  Back 
of  the  press-stand,  and  raised  a  little  above  it,  a  stand  for  pho- 
tographers will  accommodate  about  50  operators. 

Peculiarity  of  Seating  Arrangements. 
The  seating  arrangements  in  the  Bowl  are  noticeably  different  from 
those  in  other  large  stands,  such  as  the  Harvard,  Princeton,  and  Syra- 
cuse Stadia.  The  plan  of  having  a  low  riser  for  the  bottom  step  and 
then  increasing  uniformly  to  a  high  one  at  the  top  is  peculiar  to  this 
structure,  and  has  the  advantage  that,  while  it  gives  the  spectators 
occupying  the  upper  rows  of  seats  the  same  facility  for  seeing  over  the 
heads  of  those  sitting  in  front  of  them  which  the  occupants  of  the 
lower  rows  enjoy,  it  permits  of  a  lower  and,  consequently,  a  much 
cheaper  and  more  stable  structure.  For  example,  in  the  Harvard 
Stadium  the  31  rows  of  seats  occupy  a  height  of  about  41  ft.;  in  the 
Syracuse  Stadium  the  18  rows  of  seats  have  a  height  of  27  ft.;  in  the 
Princeton  Stadium  the  48  rows  have  a  height  of  about  62  ft.;  but,  in 
the  Bowl,  the  60  rows  of  seats  have  a  height  of  only  49^  ft.  In  these 
other   stands,   the  height  of  the  riser  is  the  height  of  the  seat,  the 
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spectator  sittiuf?  directly  on  the  concrete  step  or  on  a  board  laid 
directly  on  it.  Seats  thus  constructed  are  not  very  inviting  on  a  cold 
tlay.  i)articularly  during  a  rain  storm,  when  the  water  is  dammed  back 
on  the  seats  by  the  spectators  sitting  on  them.  In  the  Bowl,  the 
benches  are  raised  a  sufficient  height  above  the  concrete  to  permit  the 
water  to  run  freely  over  the  steps  without  coming  into  contact  with 
the  spectators.  The  Bowl  seats,  also,  are  provided  with  back  rests,  but 
those  of  these  other  structures  have  none. 

Construction. 

Ground  for  the  Bowl  was  broken  on  June  23d,  1913,  by  President 
Hadley,  of  the  University,  turning  the  first  sod.  The  real  construction 
was  begun  during  the  following  month  by  first  removing  the  loam 
from  the  site  and  from  the  adjoining  area  which  required  grading. 
The  black  and  yellow  loam  was  stored  in  separate  piles  and  saved  for 
resurfacing  the  grounds  after  the  completion  of  the  structure.  The 
average  depth  of  this  preparatory  stripping  was  about  22  in.  For 
removing  the  loam,  on  short  hauls  up  to  about  100  ft.,  drag-scrapers 
were  used;  on  hauls  from  about  100  to  250  ft.,  wheel  scrapers;  and  for 
long  hauls,  bottom-dump  wagons. 

Several  plans  for  placing  the  material  in  the  embankment  were  con- 
sidered by  the  contractor,  but  the  one  finally  adopted  for  handling  the 
greater  part  of  it  was  the  use  of  two  drag-line  scrapers  running  on 
adjustable  cables  and  operated  from  two  towers,  85  ft.  high,  by  two 
12  by  16-in.  double-drum  engines,  supplied  with  steam  from  two 
125-h.p.  locomotive  boilers.  The  towers  ran  on  a  four-rail  elliptical 
track  laid  around  the  outside  of  the  Bowl.  One  end  of  the  carrying 
cable  was  fastened  to  a  "deadman"  on  the  opposite  side  of  the  field 
from  the  tower;  the  other  end  ran  over  a  pulley  at  the  top  of  the 
tower  and  was  fastened  to  one  of  the  drums  of  the  engine,  by  which 
means  it  could  be  regulated  for  filling  or  emptying  the  bucket,  the 
cable  being  slackened  for  filling  the  scraper  and  then  tightened  for 
dumping  it.  The  second  drum  was  used  for  hauling  the  scraper  up 
the  slope;  it  ran  back  to  the  filling  point  by  gravity. 

As  the  two  scrapers,  working  night  and  day,  did  not  remove  the 
material  rapidly  enough  to  indicate  the  probable  completion  of  the  con- 
tract within  the  time  specified,  two  f-yd.  rotary  steam  shovels  were 
started,  in  order  to  expedite  the  work,  and  these  filled  bottom-dump 
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wagons.  The  teams  with  their  loads  were  then  drawn  to  the  top  of 
the  embankment  by  a  portable  hoisting  engine  working  there,  and  the 
material  was  distributed  as  desired. 

As  it  was  impracticable  to  roll  the  embankment  below  the  level  of 
the  tops  of  the  tunnels,  dependence  for  packing  the  material  in  this 
portion  of  the  work  was  placed  on  such  consolidation  as  could  be  ob- 
tained by  the  liberal  use  of  water,  and  such  tamping  as  was  done  by 
the  teams  being  driven  over  it.  Streams  of  water  were  always  kept 
playing  on  the  embankment  where  material  was  being  deposited,  and 
the  portions  next  to  the  tunnels  and  the  retaining  walls  were  generally 
sluiced  into  place  from  piles  deposited  by  the  teams  or  scrapers. 

Above  the  tops  of  the  tunnels,  the  material  deposited  by  the  scrapers 
was  left  in  ridges  extending  across  the  embankment;  that  from  the 
wagons  was  left  in  scattered  piles;  in  each  case  sufficient  material  was 
placed  to  make  layers  6  in.  deep  when  leveled  down.  The  leveling  was 
done  with  horse-drawn  scrapers.  The  material  was  thoroughly  watered 
and  then  rolled,  first  with  a  grooved  and  then  a  smooth  roller,  one  fol- 
lowing in  the  track  of  the  other.  The  rollers  weighed  800  lb.  per  ft. 
of  length,  and,  by  using  them  alternately,  the  effective  weight  was 
practically  doubled.  Each  roller  was  drawn  by  four  horses,  and  each 
passed  four  times  over  the  entire  area  being  rolled.  The  embankment 
was  kept  about  1  ft.  wider  than  the  theoretical  lines  in  order  to  insure 
the  compacting  of  the  material  out  to  the  edges  of  the  finished  fill. 

To  ascertain  the  settlement  in  the  embankment,  after  its  comple- 
tion thirty-one  benches  were  established  around  the  top.  Each  bench 
consisted  of  a  mass  of  concrete  in  which  was  inserted  a  ^-in.  square 
steel  rod,  placed  about  4  ft.  below  the  surface,  the  end  of  the  rod 
terminating  a  few  inches  below  the  surface.  Levels  taken  on  these 
benches  have  shown  that,  after  a  lapse  of  2  years,  the  average  settle- 
ment has  been  only  about  i  in.,  and  the  maximum  settlement  at  any 
bench  about  i  in.  About  one-half  of  this  settlement  occurred  within 
the  first  month  after  the  establishment  of  the  benches. 

A  comparison  of  the  volume  of  the  embankment  with  that  of  the 
excavation  shows  that  the  material  in  the  former  is  nearly  7%  more 
dense  than  that  of  the  natural  bank.  It  is  probable,  therefore,  that  the 
slight  settlement  which  occurred  was  caused  by  the  compression  of  the 
underlying  material,  due  to  the  added  weight  of  the  fill,  rather  than  by 
any  subsequent  consolidation  of  the  embankment  itself. 
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The  favorable  results  obtained  in  securing  a  solid  embankment 
were  probably  due  to  the  character  of  the  material  of  which  it  is  com- 
posed and  the  method  of  placing  it.  The  material  was  sand  and  gravel, 
almost  entirely  free  from  clay,  loam,  or  other  substance  which  would 
retain  water.  By  the  alternate  use  of  the  two  kinds  of  roller,  not  only 
was  a  downward  pressure  exerted,  but,  at  the  same  time,  a  lateral 
motion  was  given  to  the  particles  of  sand,  thereby  tending  to  bring 
them  into  close  contact  with  one  another. 

Water  for  sprinkling  the  embankment  and  mixing  concrete  was 
obtained  from  a  group  of  driven  wells  at  the  foot  of  the  bluff,  at  the 
edge  of  the  marsh,  and  was  distributed  by  a  4-in,  pipe,  laid  around  the 
outside  of  the  Bowl,  with  hose  connections  at  frequent  intervals.  The 
water  from  the  wells  was  pumped  by  a  single-acting,  triplex  pump, 
operated  by  an  electric  motor.  The  contractor  was  required  to  furnish 
at  least  150  gal.  of  water  per  min.,  and  this  quantity  was  delivered 
continuously,  day  and  night,  including  Sundays  and  holidays,  while 
the  embankment  was  under  construction.  A  connection  was  also  made 
with  the  mains  of  the  New  Haven  Water  Company,  in  order  to  insure 
a  constant  supply  in  case  of  a  failure  of  the  wells  or  a  break  down  of 
the  machinery. 

As  the  drag-line  scrapers  left  the  inner  face  of  the  slope  in  a  very 
irregular  condition — a  series  of  deep  gullies  and  sharp  ridges — the 
contractor  devised  a  leveling  scraper  for  smoothing  up  the  work.  This 
consisted  of  a  frame,  about  6  ft.  square,  of  12  by  12-in.  timbers,  the 
front  faces  of  which  were  shod  with  steel  plates.  This  frame  was 
attached  to  the  drag-line  by  a  bridle,  and  was  drawn  up  the  slope  in 
the  same  manner  as  the  excavating  scrapers.  The  final  trimming  of 
the  slope  was  done  by  hand  shoveling. 

Two  mixers  were  used  for  supplying  concrete  for  the  tunnels.  For 
the  footings,  there  was  a  portable,  i-yd.,  gasoline  mixer  at  the  inner 
portal  of  each  tunnel.  This  delivered  its  material  into  cars  running 
on  a  track  laid  between  the  footings,  from  which  the  concrete  could  be 
dumped  into  the  forms  on  either  side  as  desired.  An  electrically 
operated  |-yd.  mixer  near  the  center  of  the  field  was  used  for  mixing 
the  concrete  for  the  portion  of  the  tunnels  above  the  footings.  The 
concrete  was  conveyed  on  cars  running  on  an  industrial  railway  track 
laid  on  the  ground  from  this  mixer  to  a  point  near  the  inner  portal 
of  the  tunnels,  then  up  an  inclined  trestle  to  their  top  and  then  on 
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timbers  laid  on  the  side  forms.  From  the  mixer  to  the  foot  of  the 
incline  the  cars  were  hauled  by  a  horse,  and  for  the  remainder  of  the 
distance  by  a  hoisting  engine  outside  the  Bowl. 

For  building  the  outside  retaining  wall  and  the  smaller  gate-house 
walls,  there  were  two  ^-yd.  mixers  on  an  elevated  trestle  built  on  the 
site  of  the  gate-house.  These  delivered  the  concrete  into  bottom,  side- 
dump  cars  running  on  an  industrial  railway  laid  on  top  of  the  wall 
forms.  For  the  large  gate-house  walls,  a  mixing  plant  was  established 
near  the  wall,  and  the  concrete  was  delivered  into  a  120-ft.  elevator, 
from  which  it  was  distributed  by  chutes.  The  same  plant  also  made 
the  concrete  for  the  inner  retaining  wall  and  the  facing  steps.  For 
this  work  the  concrete  was  delivered  by  the  chutes  into  the  bottom, 
side-dump  cars  running  on  a  portable  track  laid  just  above  the  iimer 
portals  of  the  tunnels ;  from  them  it  was  distributed,  by  portable  chutes 
laid  on  the  ground,  directly  into  the  forms,  the  slope  of  the  bank  being 
steep  enough  to  cause  the  concrete  to  How  in  the  chutes.  The  greatest 
distance  through  which  concrete  was  carried  by  the  chutes,  in  a  single 
run,  was  about  250  ft. 

For  handling  sand  and  stone  at  the  two  main  mixing  plants,  ele- 
vated bins  were  constructed  so  that  cars  or  trucks  could  be  run  on 
top  of  them  and  deliver  material  without  shoveling.  Chutes  at  the 
bottom  of  the  bins  delivered  material  into  cars  which  were  divided  by 
partitions  to  hold  the  required  quantity  of  each  ingredient  for  one 
batch.  From  the  cars  the  materials  were  dumped  directly  into  the 
mixer. 

All  the  sand  for  the  work  was  obtained  at  the  site.  Though  an 
abundance  of  gravel,  of  a  size  suitable  for  the  concrete,  was  found  in 
the  excavation,  only  a  small  quantity  of  it  was  used  in  some  of  the 
footings,  as  it  contained  a  considerable  proportion  of  sandstone  pebbles 
which  it  was  feared  would  absorb  moisture  and  disintegrate  under  the 
action  of  frost  if  exposed  to  the  elements.  Most  of  the  stone  used  was 
crushed  trap  rock.  This  was  brought  from  a  quarry  about  2^  miles 
distant  by  two  motor  trucks :  a  5-ton  truck  which  not  only  carried  its 
own  load  but  also  hauled  3  tons  in  a  trailer;  and  a  3-ton  truck.  The 
price  paid  for  hauling  the  stone  was  27  cents  per  ton. 

The  cement  used  in  the  work  was  furnished  by  the  contractor,  but 
was  paid  for  as  a  separate  item,  thereby  enabling  the  engineer  to  change 
the  proportions  of  the  ingredients  in  the  concrete,  as  seemed  desirable. 
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without  causing  any  dispute  aa  to  the  quantity  used.     The  cement  was 
all  tested  at  the  mill  by  agents  of  testing  laboratories. 

Comparison  with  Other  Stadl\. 

The  Bowl  is  believed  to  have  the  largest  seating  capacity  of  any 
structure  of  the  kind  in  existence,  and  to  have  been  exceeded  by  only 
one  of  ancient  times — the  Circus  Maximus  of  Eome,  which  is  stated 
to  have  seated  380  000  persons.  Statements  regarding  the  capacity  of 
the  Eoman  Colosseum,  the  most  widely  known  of  the  ancient  amjihi- 
theaters,  vary  widely  from  45  000  to  100  000.  It  is  stated  that  in  the 
ancient  amphitheaters  only  the  classes  were  provided  with  seats,  the 
masses  being  obliged  to  stand. 

With  the  seats  removed,  the  Bowl  could  accommodate  comfortably 
a  standing  audience  of  about  125  000.  The  Athens  Stadium  seated 
50  000;  the  stadium  of  the  College  of  the  City  of  New  York  seats  about 
10  000 ;  the  Syracuse  and  Taeoma  Stadia  each  accommodate  about 
20  000 ;  the  Boston  baseball  stands,  24  000 ;  the  double-deck  stands  at 
the  New  York  Polo  Grounds,  about  28  000 ;  the  Harvard  Stadium,  as 
first  constructed,  seated  23  000,  but,  with  additions  and  with  tem- 
porary seats  at  the  open  end,  it  can  accommodate  about  45  000 ;  the 
new  Princeton  Stadium  seats  about  41  500 ;  and  the  Bowl  about  61  000. 

Though  the  Bowl  is  the  largest  of  the  modern  stands,  it  is  also, 
probably,  the  cheapest  per  sitting.  Though  the  actual  cost  of  other 
stands  is  not  accurately  known,  the  contract  price,  as  reported  in 
engineering  and  other  journals,  gives  the  average  cost  per  sitting  as 
ranging  from  about  $36.00  for  the  stadium  of  the  College  of  the  City 
of  New  York  down  to  about  $8.50  for  the  Princeton  Stadium.  The 
cost  per  sitting  for  the  Bowl,  as  constructed,  including  the  grading 
of  the  grounds  around  it,  was  about  $7.35.  The  cheapness  of  the  Bowl 
was  partly  due  to  the  exceptionally  favorable  conditions  at  the  site 
for  building  this  kind  of  a  structure.  This  was  a  level  plain  elevated 
about  40  ft.  above  a  marsh  from  which  it  was  separated  by  a  steep 
bluff,  thus  affording  perfect  drainage  at  a  minimum  of  expense.  The 
material  was  clean  sand  and  gravel  extending  to  an  unknown  depth, 
easy  to  handle,  and  ideal  for  making  a  solid  embankment. 

Previous  to  the  building  of  the  Bowl,  the  materials  used  in  the 
construction  of  grand-stands  were  wood,  steel,  reinforced  concrete, 
or  a  combination  of  the  two  latter,  and,  in  the  case  of  ancient  struc- 
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tures,  masonry.  Though  wood  is  a  suitable  material  for  stands  of 
small  size,  it  is  entirely  unsuited  for  large  ones,  owing  to  rapid 
deterioration  when  exposed  to  the  weather  and  liability  to  destruction 
by  fire.  Though  monumental  structures  of  masonry,  like  the  Roman 
Colosseum,  were  possible  with  .the  slave  labor  available  in  the  first 
centuries  of  the  Christian  era,  it  would  be  impracticable  to  finance 
such  an  undertaking  at  the  present  time.  Steel  and  reinforced  con- 
crete are,  from  an  engineering  standpoint,  more  practical  building 
materials  for  structures  of  this  kind. 

Maintenance  charges  are  an  important  factor  to  be  considered  in 
planning  for  a  steel  stand  of  large  size.  Whether  temperature  changes 
and  frost  action  will  injuriously  affect  skeleton  structures  of  the  size 
of  the  large  modern  stadia,  when  built  of  reinforced  concrete,  either 
alone  or  in  combination  with  external  steel,  is  an  interesting  question 
yet  to  be  answered.  Apparently,  the  only  portions  of  the  Bowl  which 
will  require  material  expense  for  maintenance  are  the  benches,  as  the 
remainder  of  the  structure  is  practically  a  portion  of  the  earth's 
crust — a  low  hill  surrounding  a  small  valley. 

One  advantage  of  this  form  of  construction,  besides  its  cheapness, 
is  the  facility  with  which  the  plastic  materials,  earth  and  concrete, 
may  be  adapted  to  the  formation  of  curved  shapes,  thus,  without  any 
material  expense,  permitting  of  curved  instead  of  straight  sides,  which 
were  such  an  objectionable  feature  of  the  old  wooden  stands  at  Yale. 

Another  advantage  is  that  a  stand  can  be  increased  in  size  without 
materially  affecting  any  part  of  the  work  already  done.  By  building  a 
balcony  over  the  promenade  and  the  portion  of  the  seats  above  the 
tunnel  portals,  the  seating  capacity  of  the  Bowl  can  be  increased  to 
about  100  000  without  affecting  any  portion  of  the  structure  other  than 
by  the  removal  and  replacing  of  a  few  blocks  of  concrete  to  permit  the 
building  of  proper  footings  for  columns,  the  embankment  being 
sufficiently  stable  for  the  support  of  the  additional  structure. 

With  nearly  61  000  seats  for  spectators  provided,  it  was  thought  the 
stand  would  be  large  enough  to  meet  any  possible  demand  for  accom- 
modations from  those  interested  in  football,  but  when  the  time  limit 
expired  for  the  receipt  of  applications  for  tickets  for  the  first  game  in 
the  Bowl — Yale  vs.  Harvard  in  1914 — it  was  found  that  more  than 
80  000  had  been  received.  To  meet  this  demand,  so  far  as  possible, 
extra  seats  were  erected  over  the  promenade,  so  that  the    number  of 
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people  who  witnessed  that  game  was  probably  a  little  more  than  70  000. 
In  spite  of  this  vast  number,  in  12  min.  from  the  close  of  the  game,  the 
Bowl  was  practically  empty  of  people,  and  this  time  might  have  been 
shortened  by  about  5  min.  had  not  the  spectators  tarried  to  witness  the 
celebration  of  the  victory,  on  the  gridiron,  by  the  partisans  of  the  win- 
ning team.  Although  the  Bowl  was  emptied  in  such  a  short  time,  there 
was  no  congestion  at  any  point  except  in  the  aisles,  as  the  capacity  of 
the  tunnels  to  handle  the  crowd  was  greater  than  that  of  the  aisles,  and 
the  thirty-two  tunnels  distributed  the  crowd  over  such  a  large  area,  the 
inner  circumference  of  which  was  a  little  more  than  ^  mile,  the  dis- 
tance around  the  outside  of  the  Bowl,  that  there  was  plenty  of  room  for 
the  free  movement  of  the  people. 

Adaptation  for  Other  Purposes. 

Although  the  Bowl  was  built  for  football  alone,  its  remarkable 
acoustic  properties  render  it  admirably  fitted  for  the  production  of 
dramatic  events  on  a  large  scale,  and  two  such  have  already  been  held 
there  with  pronounced  success :  the  Greek  play,  "Iphigenia  in  Taurus", 
given  by  Mr.  Granville  Barker  under  the  auspices  of  the  Yale  Dramatic 
Association,  and  the  opera  "Die  Walkiire",  by  the  Metropolitan  Opera 
Company,  under  the  auspices  of  the  Yale  School  of  Music.  For  these 
performances,  the  stage  was  erected  near  the  center  of  the  field,  and  a 
section  of  about  25  000  seats  was  set  apart  for  the  spectators  at  one  end 
of  the  amphitheater. 

To  celebrate  the  two-hundredth  anniversary  of  the  removal  of  Yale 
College  to  New  Haven,  a  pageant  is  now  being  prepared  in  which  it  is 
expected  that  about  8  000  performers  will  participate. 

Under  favorable  atmospheric  conditions,  when  there  are  only  a  few 
people  in  the  Bowl,  a  whisper  spoken  at  the  center  of  the  field  can  be 
distinctly  heard  at  the  tunnel  portals;  and  a  conversation,  in  an  ordi- 
nary tone  of  voice,  can  be  carried  on  between  persons  stationed  on  op- 
posite sides  of  the  amphitheater.  At  the  performances  mentioned,  even 
the  softest  passages  could  be  plainly  heard  in  the  most  remote  seats 
reserved  for  spectators.  With  the  seats  removed,  a  person  with  a  good 
voice  and  accustomed  to  public  speaking  could,  undoubtedly,  address 
an  audience  of  125  000  and  be  heard  distinctly  by  every  one. 
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The  following  are  some  of  the  principal  'items  of  construction : 

Earthwork    331  000  cu.  yd. 

Mass  Concrete   16  000    "     " 

Concrete    facing Ill  000  sq.  ft. 

Wood   facing 145  000    "     " 

Granolithic    pavement 35  000    '"     " 

Cement    26  000  bbl. 

Steel  for  reinforcement 482  tons. 

Wood    benches 18  miles. 

Turf    laid 161  000  sq.  ft. 

Sewers    6  400  lin.  ft. 

Water    mains 4  700     "     " 

Area  covered  by  strvicture,  about 12^  acres. 

The  Bowl  was  built  by  the  Yale  Committee  of  Twenty-one,  Incor- 
porated, Mr.  Thomas  DeWitt  Cuyler,  Chairman,  with  Mr.  David  Dag- 
gett, Chairman  of  the  Structures  Committee.  Edward  G.  Williams, 
M.  Am.  Soc.  C.  E.,  was  Advisory  Engineer,  and  Mr.  Donn  Barber, 
Consulting  Architect.  The  writer  was  the  Designer  and  Engineer 
in  charge  of  construction.  Mr.  Joseph  H.  Mulvey  was  Chief  Inspector. 
James  B.  French,  M.  Am.  Soc.  C.  E.,  served  as  Consulting  Engineer 
for  a  few  months  at  the  beginning  of  the  work,  and  Thomas  C. 
Atwood,  M.  Am.  Soc.  C.  E.,  as  Construction  Manager  for  a  few  months 
at  the  end.  The  Sperry  Engineering  Company,  of  New  Haven,  Conn., 
was  the  contractor  for  the  whole  work. 
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Tresham  D.  Gregg,:}:  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). § — The    Mr 


writer  quite  agrees  with  Mr.  Martin  that  the  stresses  found  are  unusu 
ally  high.  In  defense,  however,  of  his  selection  of  an  example  to 
illustrate  the  principles  involved,  he  wishes  to  say  that  it  is  his  experi- 
ence that  skewed  piers  are  frequently  necessary,  and  that  massive  piers 
are  sometimes  more  economical  than  light,  flexible  bents,  and  always 
considerably  safer  where  there  is  danger  from  collision  with  derailed 
cars  or  locomotives.  It  is  freely  admitted  that  the  theory  developed 
has  small  practical  application,  except  in  the  type  of  bridge  selected. 
The  writer  also  agrees  with  Mr.  Martin's  "guess"  that  the  distor- 
tions involving  least  work  will  be  in  a  direction  oblique  to  the  axis  of 
the  bridge.  The  calculation  of  the  true  stresses  in  such  a  combination 
would  be  extremely  complicated.  In  order  to  find  the  true  state  of 
stress  in  all  the  members — in  the  case  where  all  supports  are  fixed — 
consideration  must  be  given  to  the  work  of  expansion  of  the  several 
spans  against  piers  which  have  a  variable  moment  of  inertia,  depending 
on  the  extent  to  which  they  yield  in  a  lateral  direction;  to  the  bending 
of  the  spans,  particularly  the  end  spans,  due  to  the  lateral  movement 
of  the  piers ;  and  to  the  work  of  torsion  of  the  piers  and  bending  of  the 
spans,  due  to  the  change  in  angle  of  skew,  brought  about  also  by  the 
lateral  deflection  of  the  piers. 

*  Discussion  of  the  paper  by  Tresham  D.  Gregg,  Assoc.  M.  Am.  Soc.  C.  E.,  con- 
tinued from  August,   1916,  Proceedings. 
t  Author's  closure, 
t  Minneapolis,  Minn. 
§  Received  by  the  Secretary,  September  14th,  1916. 
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Mr.  The  writer  has  reason  to  think  that  this  lateral  movement  of  the 

Gregg,  pigpg  jg  g^  ygj.y  minute  quantltj.  If  it  should  amount  to  one-half  of 
what  it  would  be  if  the  spans  were  pivoted  on  the  piers  and  the  abut- 
ment ends  were  free  to  move,  bending  stresses  in  the  span  would  be 
set  up,  which  would  be,  if  anything,  greater  than  the  axial  stresses 
calculated  under  the  original  assumption,  and  bending  stresses  in  the 
piers — perhaps  one-fourth  in  amount  of  those  tabulated  in  this  paper — 
would  nevertheless  be  combined  with  high  torsion  stresses,  leaving  the 
situation,  in  the  writer's  opinion,  about  as  bad  as  before. 
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Joseph  jACOBS.f  M.  Am.  Soc.  C.  E.  (by  letter).:}: — This  paper  is  of  Mr. 
interest  because  it  deals  with  an  important  engineering  subject,  con-  '^'^°°  ^' 
cerning  which  there  is  all  too  little  reliable  information  on  which 
definite  theory  and  judgment  may  be  predicated.  The  author  is  entitled 
to  credit  for  assembling  the  results  of  these  tests  for  the  use  of  the 
Profession,  and  for  his  frankness  in  presenting  his  interpretation  and 
application  of  the  facts  disclosed. 

The  writer  believes  that  the  author  failed  to  reach  certain  important 
conclusions,  apparently  fully  warranted  by  the  tests,  and  that  in  some 
respects  his  deductions  as  to  the  theory  of  underground  water  move- 
ments are  fallacious.  Particularly  does  he  believe  that  the  tests  do  not 
justify  the  conclusion,  reached  by  the  author,  that  the  "line  of  creep" 
theory  has  been  disproved. 

In  describing  the  initial  seepage  test  in  the  30-in.  cylindrical  tank 
(page  325§),  the  author  states: 

"A  valve  at  the  bottom  held  back  the  water  until  the  pore  spaces 
were  completely  filled;  then  the  valve  was  opened,  and  after  a  few 
minutes  the  relative  elevation  of  the  water  in  the  two  tubes  became 

*  Discussion  of  paper  by  James  B.  Hays,    Juu.  Am.   Soc.   C.   E.,  continued  from 
August,   1916,   Proceedings. 
t  Seattle,  Wash. 

%  Received  by  the  Secretary,  October  2d,  1916. 
§  Proceedings,  Am.  Soc.  C.  E.  for  March,  1916. 
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Mr.     constant.     The  difference  in  elevation  determined  the  loss  of  head,  and 
Jacobs,  from  this  the  hydraulic  gradient  was  computed." 

******* 
"With -6  in.  of  water  on  the  soil  surface,  and  8  in.  of  soil  above  the 
upper  tube,  the  loss  of  head  was  1  ft.  in  9." 

******* 

"Having  determined  the  hydraulic  gradient  of  the  underground 
material,  a  trial  design  was  made  to  find  what  dimensions  would  be 
necessary  in  a  dam  constructed  wholly  of  gravel." 

These  quotations,  it  seems  to  the  writer,  disclose  a  fundamental 
error  in  the  author's  application  of  his  test.  It  will  be  noted  that 
there  is  no  mention  of  the  quantity  of  seepage  flow,  and,  as  seepage 
flow  and  hydraulic  gradient  are  inter-dependently  related,  the  mention 
of  one  means  nothing  unless  there  is  also  included  a  definition  of  the 
other.  The  hydraulic  gradient  of  1:9,  as  found  by  the  author,  would 
appear  to  be  a  purely  fortuitous  result,  for,  with  a  variation  in  the  size 
of  valve  opening  (if  it  is  less  than  the  capacity  of  the  gravel),  and  with 
variation  in  the  depth  of  water  above  the  soil  surface,  the  ratio  of  loss 
of  head  to  length  of  travel  may  be  made  to  vary  indefinitely.  The 
maximum  permissible  limit  of  this  ratio  is  that  at  which  the  seepage 
loss  becomes  prohibitive  as  to  quantity,  or  at  which  the  induced  veloci- 
ties are  such  that  erosion  or  piping  is  threatened  as  a  forerunner  of 
the  ultimate  failure  of  the  dam.  It  may  be  that  the  author  decided 
that  these  requirements  had  been  met  in  his  hydraulic  gradient  of 
1 :  9,  but  there  is  nothing  in  the  text  indicating  this  special  considera- 
tion, nor  do  the  seepage  tests  on  the  model  dams  seem  to  warrant  such 
a  decision. 

It  will  be  noted  from  the  Second  Series  of  Tests,  which  relate  to 
the  model  from  which  the  final  dam  was  designed,  that  under  a  10-in. 
head  there  was  a  mean  seepage  loss  of  approximately  0.0025  cu.  ft. 
per  sec.  ])er  lin.  ft.  of  model  dam.  Bearing  in  mind  that  the  model 
dam  was  built  on  a  scale  of  1 :  120  as  compared  with  the  final  dam,  and 
assuming,  for  the  moment,  that  the  hydraulic  gradients  and  therefore 
the  seepage  velocities  would  be  identical  in  the  two,  it  follows  that  the 
seepage  loss  for  the  actual  dam,  under  a  condition  of  full  reservoir, 
would  be  360  cu.  ft.  per  sec,  made  up  as  follows : 

400  lin.  ft.  of  dam  under  100  ft.  head,  yielding 120  cu.  ft.  per  sec. 

1600    "      "    "       "         "         100  to  0  ft.  head  •'       240-'     "     "     " 

Total  rate  of  seepage  flow  at  full  reservoir 360  cu.  ft.  per  sec. 

This  360  cu.  ft.  per  sec.  would  be  further  increased  by  reason  of  the 
hydraulic  gradient  in  the  actual  dam  being  greater  than  that  in  the 
model.  In  comparing  ratios  of  head  to  length  of  water  travel,  it  is  the 
friction  head  and  not  the  total  head  that  must  be  considered.  In  the 
model  dam  the  10  in.  total  head  is  greatly  depleted  by  entry  and  exit 
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heads,  thus  leaving  a  frreatly  reduced  head  available  for  friction  losses,     y^j. 
whereas,  in  the  actual  dam  of  100  ft.  head,  the  same  quantitative  deple-  -'acobB; 
tion  for  entry  and  exit  heads  has  relatively  slight  effect  on  the  remain- 
ing friction  head. 

So  great  a  loss  as  300  cu.  ft.  per  sec.  from  any  reservoir  would,  of 
course,  be  prohibitive,  even  in  the  absence  of  any  danger  of  under- 
cutting the  dam,  and  it  must  be  assumed  that  the  figures  given  in  the 
paper  are  in  error  or  that  the  author  failed  to  apply  the  apparently 
clear  inference  to  be  drawn  from  his  tests,  which  latter  seems  to  be 
untenable  because  the  tests  appear  primarily  to  have  been  suggested 
by  the  seepage  difficulties  encountered  in  the  original  dam.  It  would 
be  interesting  to  have  now  a  record  of  the  actual  behavior  of  the  dam, 
as  to  seepage  losses,  if  there  has  been  opportunity  for  test  since 
construction. 

Concerning  entry  head  and  exit  head  there  is  indication  that  the 
total  head  is  affected  by  these  elements,  and  it  is  this  fact  that  renders 
difficult  of  interpretation  the  results  obtained  from  experiments  with 
small  model  dams,  for  in  such  dams  the  combined  entry  and  exit  heads 
may  indeed  form  a  relatively  large  part  of  the  total  head,  though  in 
dealing  with  full-sized  dams  they  would  form  a  relatively  small  or 
negligible  part.  To  determine  entry  and  exit  heads  from  any  set  of 
tests,  such  as  those  by  the  author  or  by  Mr.  Colman,*  we  must  first 
ascertain  the  friction  head,  and  this  in  turn  depends  on  the  assumption 
as  to  line  and  resultant  length  of  water  travel  along  any  film  or  dif- 
ferential element  of  flow.  A  critical  examination  of  these  tests  shows 
a  rate  of  loss  of  head  due  to  friction  that  is  not  uniform  per  distance 
traveled,  as  measured  between  observed  tubes.  This  disparity  is  due  no 
doubt  to  variation  in  porosity  and  other  mechanical  elements  of  the  per- 
vious medium,  and  probably  to  some  extent  to  observational  errors,  for 
it  has  been  well  established  that,  for  an  unchanging  medium  of  this  char-  • 
acter,  the  rate  of  friction  head  consumption  will  be  uniform.  On  the 
scheme  of  underground  water  movement,  as  hereinafter  explained,  the 
writer  finds  values  of  entry  and  exit  heads  in  the  Hays  and  Colman 
tests  varying  as  follows: 

In  the  Hays  tests,  with  a  total  head  of  10  in.,  entry  heads  varied 
from  —  0.90  to  -|-  5.98  in.,  the  mean  being  +  5.5  in. ;  and 
exit  heads  from  ■ —  2.26  to  -|-  0.45  in.,  the  mean  being  —  0.9  in. 

In  the  Colman  tests,  with  an  average  total  head  of  54  in.,  entry 
heads  varied  from  ■ —  1.08  to  -|-  21.36  in.,  the  mean  being 
-f-  7.0  in.;  and  exit  heads  from  —  7.32  to  -|-  13.08  in.,  the 
mean  being  -|-  3.4  in. 

Because  velocity  is  a  function  of  all  the  elements  which  characterize 
the  medium  through  which  the  water  moves,  it  was  thought  that  some 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXX,  p.  421. 
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relationship  might  be  established  between  entry  head  and  entry 
velocity,  and  exit  head  and  exit  velocity.  The  graphic  method  was 
used,  but  there  was  such  lack  of  consistency  in  the  results  deduced 
from  the  tests  that  no  dependable  curves  could  be  platted.  Nor  was 
this  lack  of  consistency  due  to  the  particular  scheme  of  water  n^iove- 
ment  assumed,  for  other  assumptions  as  to  line  and  length  of  water 
travel  showed  similar  inconsistencies.  In  the  absence  of  more  ex- 
tensive data  than  we  now  have,  we  may  only  say  at  this  time  that  there 
is  entry  head  and  exit  head  of  uncertain  amounts  which  must  be 
reckoned  with  in  experiments  on  small  models,  but  which  are  negligibly 
small  in  dealing  with  full-sized  dams. 

All   the  formulas  for  the  flow  of  water  through  soils  are  of  the 

h 
general  form,  Q  =:  c  —  a,  in  which 

Q  =  discharge ; 

a  =  area  of  cross-section ; 

— -  =  ratio  of  loss  of  head  due  to  friction   to  length  of  water 

travel ; 
and     c  =  a  variable  coefficient,  dependent  on  water  temperature, 
porosity,  and  mechanical  analysis  of  the  soil. 

Water  will  follow  the  line  of  least  resistance,  and  therefore  that 

form  of  section  and  route  of  water  movement  will  obtain  which,  for 

a    given    head,    will    afford    a    maximum    discharge,    or    which,    for 

a  given  discharge,  will  consume  the  minimum  head.     These  conditions. 

as  will  readily  be  seen  from  the  foregoing  equation,  in  which  c  for 

I 
any  specific  case  is  a  constant,  will  be  satisfied  when  — ^  is  a   minimum  ; 

and,  in  studying  seepage  and  pressure  problems,  with  respect  to 
dams   on   porous   foundations,   we   must   first   ascertain    the   form   of 

I 
section  and  route  of  water  travel  which  renders  —  a  minimum. 

a 

It  cannot  be  assumed  that  the  water  will  be  drawn  from  an  in- 
definite distance  up  stream,  nor  released  throughout  an  indefinite 
distance  down  stream,  from  the  dam,  for,  if  that  were  the 
case,  Q  would  approach  its  minimum  rather  than  its  maximum,  and 

I 

—  would  approach  its  maximum  rather  than  its  minimum  value. 
a 

There  may  be,   and  doubtless  is,  some  seepage  draft  from  points 

far   above,   and   seepage   delivery   to   points   far   below,   the   dam,   biit 

the  quantities  would  be  negligible  in  comparison  with  the  main  body 

of  seepage  water,  which,  in  the  writer's  opinion,  based  on  mathematical 

analysis,  would  necessarily  be   drawn  from,   and  delivered  to,  points 

in  the  immediate  vicinity  of  the  dam.     The  lengths  of  river  bed  over 
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CASE  A 


Fig.  19 


CASE  B. 


Fig.  20 


CASE  C. 


Fig.  21 


d    w.s. 


Fig.  22 
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Mr.      which  water   draft   and  water  release   are   operative,   with  respect  to 
^^°  ^'  any    dam,    are    important,    because    these    lengths    fix    the    hydraulic 
gradients  on  which  pressure  and  seepage  discharge  depend. 

The  actual  form  of  approach  and  exit  channel  for  seepage,  from 
free  water  above  to  free  water  below  the  dam,  will  depend  on  the  base 
width  of  the  dam,  the  depth  of  the  pervious  medium,  the  position  of 
the  cut-off  wall,  and  the  ratio  of  the  depth  of  the  cut-off  wall  to  the 
depth  of  the  pervious  medium.  If  the  approach  is  from  free  water 
above  the  dam  to  a  full  vertical  section  beneath  the  heel  of  the  dam, 

I 
the    writer    finds    that,    whatever   its    form,  the  minimum    value    of — 

a 

occurs  when  the  distance  up  stream  from  the  dam  equals  the  depth 
of  the  pervious  medium  beneath  the  dam;  that,  of  the  various  curves 
which  might  define  the  form  of  approach,  the  ellipse  affords  the  mini- 
mum —  ;  and,  finallv,  that  the  circle,  as  a  special  form  of  ellipse, 
a 

affords  the  absolute  minimum.  This,  then,  means  a  circle  having  its 
center  at  the  heel  of  the  dam  and  having  a  radius  equal  to  the  depth 
of  the  pervious  medium  beneath  the  dam. 

In  Figs.  19,  20,  and  21  are  shown  three  forms  of  seepage  channel, 
any  one  of  which,  assuming  that  the  dam  itself  is  impervious,  might 
be  the  actual  for  a  particular  case,  depending  on  the  position  of  the 
cut-off  wall  and  other  conditions,  as  already  stated.  These  will  now 
be  examined:  Referring  to  Figs.  19  to  21,  consider  a  section  of  unit 
thickness  normal  to  the  paper.  Dividing  the  seepage  channel  into 
longitudinal  sections,  as  obviously  demanded  by  their  change  in  cross- 
sectional  form,  the  mean  lengths  of  these  sections  would  be  l^,  K,  etc., 
as  shown,  and,  for  a  unit  thickness,  their  mean  areas  would  be 
some  function  of  D,  the  depth  of  the  pervious  medium  beneath  the 
dam.  The  total  seepage  flow  would  be  the  aggregate  of  the  approxi- 
mately parallel  films  of  fiow,  each  film  having  its  individual  length, 
individual  discharge,  and  individual  hydraulic  gradient.  The  mean 
film  would  control  as  to  the  total  seepage  loss,  and  the  hydraulic  grade 
line  of  the  top  film  would  control  as  to  the  pressure  on  the  base  of 
the  dam,  except  that,  at  and  near  the  lower  toe  of  the  dam,  in  some 
cases,  the  hydraulic  grade  line  of  the  bottom  film  might  control,  as 
will  be  explained  later. 

Case  A. — In  this  case  the  seepage  flow  occupies  the  full  prism  sec- 
tion between  the  base  of  the  dam  and  the  base  of  the  pervious  stratum. 
The  mean  lengths  of  its  several  sections,  as  is  obvious  from  Fig.  19, 
would  be: 

l^  =  l^  =  0.7854  Z>,  ?2  =  m  I),  ?3  =  ^4  =  ^,  ?5  =  (t«  —  "0  I>. 
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The  mean  areas  of  these  sections  would  be:  Mr. 

Oi  =  Oj  =  ^5  =  «6  =  D ■  a,  =  a^  = =  _  (2  _  n). 

From  the  original  equation  for  seepage  flow,  Q  =  c —  o,   we   obtain, 

h  =  —  X  — ;  or.  for  anv  section,  n,  /i„  =  —  X  -^.       The    total     head, 
c         a  •  <-        ((n 

therefore,  would  be,  h  =   h^  +  /i^  +   •  •  •  •    K 

=  -(-+-' +....-^)  =  -  (1.5708 +P  +  - ). 

Case  B. — In  this  case  (Fig.  20)  the  seepage  flow  occupies  the  wedge- 
shaped  sections  beneath  the  dam,  and,  in  the  space  between  the  base 
of  the  dam  and  the  top  of  the  seepage  channel,  there  would  be  dead 
water,  or  approximately  dead  water.     For  this  case  we  would  have: 

Zj  =  ?^  =  0.7854  D,  ^2  =  -—  \/4  m^  -[  n\  \  =  —   V4  {w  —  m)'^  +  n^. 
a^  ^  a^  =  D,  a^  ^  a^  =  —  (2  —  n). 

^    /i  r-AQ    ,     V4m2  +  n^  +  V  4  (m;  —  mf  +  n\ 

=  — -  {  1 .5  /  08  H ^^ I  . 

c     \  2  — n  / 

Case  C. — In  this  case  (Fig.  21)  the  form  of  approach  and  exit  is 
defined  by  ellipses,  as  shown,  and,  as  in  the  previous  case,  the  space 
between  the  base  of  the  dam  and  the  top  of  the  seepage  channel  would 
be  approximately  dead  water.  The  distance  up  stream  from  which 
seepage  water  would  be  drawn  is  determined  as  follows : 

The  mean  film,  l^  =  fc,  is  the  quarter  circumference  of  an  ellipse 

the  major  and  minor  semi-axes  of  which  are  o  c  =  — -  (2  m  +  x)  and 

D 

2 
accepted  approximate  formula,  would  be 


<i  f  ^  ~  (1  +  n),  respectively,  and  its  length,  according  to  the  usually 
late  formula 

_  It  D     1(2  m  +  xf  +  {\  +  nf 

'  ~~   ~T~\1  2 


I. 


The  cross-sectional  area  of  the  seepage  channel,  for  unit  thickness, 
would  vary  from  hd  =^  xD  to  ge  =  (1  —  n)D,  and  the  mean  area 
would  be  the  area,  bdeg  -^-  l^,  the  area,  Ideg,  being  equal  to  the  differ- 
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Mr.      ence  between  the  areas  of  the  elliptical  quadrants,  aed  and  agh.     The 
Jacobs.  ^  jyi  ^ 

area,  hdeg   =   A   =  — -—  (w  +  a;  —  m  n),   and  a^  =-y— .   Therefore, 

^  =  gx-^=gx'-^^gx^(^''"'  +  ">'+^^  +  ">'V.(i) 

c  Oj  c         ^         c         8\         m  +  a;  —  mn         / 

Z, 
To  find   the    minimum  value    of  — ^ ,  differentiate  and  place  the  first 

a, 


differential  coefficient  equal  to  zero,  thus, 

S  X    ~    c         8 
/2  (m  +  a;  —  m  n)  (2  to  +  x)  —  ((2  m  +  a;)^  +  (1  +  nf)  > 


0. 


\  (m  -\-  X  —  m  n)** 

Clear  of  fractions,  transpose,  and  reduce,  and  we  have, 

x2  +  2m  (1  —  n)x  =  (1  +  n)^  +  ^rn^n. 
Complete  the  square,  and  we  have, 

x^  -(-  2m  (1  —  n)x  +  m^  (1  —  nY  =  (1  +  nY  (1  +  m^). 

Therefore, 

a:  +  TO  (1  —  n)  =  ±  (1  +  «)  Vl  +  m^, 

whence  a;  =  (1  +  n)  Vl  +  m'^  — to  (1  —  n), 

and  this  critical  value  of  x  proves  to  be  the  minimum  rather  that  the 

maximum  value  of  —  .     We  would  also  have, 


X 


'  =  (1  +  n)   V  1  +  {w  —  to)^  —  {w  —  to)  (1  —  n). 


Applying  these  values  of  x  and  x'  to  Equation  (1),  and  reducing, 
we  would  have 

c    \  ttj         a^  / 
=       X  I  (1  +  n)  \w  +  V 1  +  TO^  +  Vl  +   {w  —  mf\ 

Which  one  of  the  foregoing  three  cases  would  obtain  for  any  actual 

dam  would  depend  on  the  values  of  to,  n,  and  w,  but  it  would  always 

be  that  one  case,  or  that  combination  of  the  several  cases,  which  would 

I 
render  —  a  minimum.     To  determine  this    for    any    particular    set   of 
a 

conditions  is  a  simple  computation,  but  a  tabulation  for  varying  values 

of  TO,  n,  and  w,  shows  that,   in  most  instances,   Case  A   will  obtain, 

and  that  Case  C  obtains  only  when  to,  n,  and  w  are  small.    As  between 
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Cases  A    and  B,   when   m  is  less   than  O.663,   the  wedge   affords  the     Mr. 
1  .lacobB. 

minimum  —  ;    wlien     m     is  i!:reater   tlian    1. 00,  the    prism  affords  the 
a 

I 
minimum —  ;  and  between  these  vaUies  of  m,  it  may  be  either  wedge 

or  prism,  depending  on  the  value  of  n. 

Now  consider  the  question  of  the  hydraulic  upward  pressure  against 
the  base  of  the  dam:  If  the  total  head  is  known  (as  it  would  be  in  the 
cases  considered),  then  its  apportionment  among  the  several  sections 
of  the  seepage  channel  results  from  the  general  equation, 

c    \a,         a.,  a„  / 

1  J  n 


and  would  be  as 


K  .   k 


"1      »2  "n 

This  apportionment,  it  will  be  noted,  is  independent  of  Q  and 
c,  for  Q  is  necessarily  the  same  for  all  sections,  and  c,  too,  is  a 
constant,  if  the  pervious  medium  be  regarded  as  homogeneous 
throughout.  If  the  medium  is  not  homogeneous,  and  c  is  variable 
from  section  to  section,  then  that  factor  would  need  to  be 
retained  in  the  computation,  but  the  apportionment  of  head  would 
still  be  fully  determinable,  if  c  were  known  for  each  section.  This  lack 
of  perfect  homogeneity  tends  to  confuse  the  results  in  any  study  of 
the  laws  of  underground  water  movement,  and  it  is  no  doubt  partly 
responsible  for  the  variations  and  apparent  disparities  noted  in  the 
Hays'  experiments. 

In  the  top  film  of  a  seepage  channel,  the  form  of  the  channel 
having  been  determined,  the  lengths,  l^,  Z,,  etc.,  become  known,  and, 
as  for  the  areas,  a^,  a^,  etc.,  it  must  be  assumed  that,  in  this  differential 
element  of  flow,  the  differential  areas  of  the  several  sections  bear  the 
same   relationship  to   each  other  as   do   the  like  whole  areas   of  the 

whole  seepage  channel.     The  relative  values,    —,  —  ,  etc.,  thus  become 

known,  and  the  apportionment  of  the  total  head  among  the  several 
sections  of  the  top  film,  according  to  the  method  outlined  in  the 
previous  paragraph  readily  follows.  From  this  determination  of  the 
heads,  h^,  h.„  etc.,  the  hydraulic  grade  line  for  the  top  film  (and  in 
similar  manner  for  the  bottom  film)  can  be  constructed,  whence  the 
computation  for  the  hydraulic  upward  pressure  proceeds  by  the 
proper  evaluation  of  the  area  included  between  base  of  the  dam  and 
the  higher  of  these  grade  lines;  that  for  the  bottom  film,  however,  is 
subject  to  slight  modification. 

Keferring  to  Fig.  22,  it  will  be  noted  that  ahcd  is  the  hydraulic 
grade  line  for  the  bottom  film,  and  efgh  for  the  top  film,  and  that, 
for  the  section  of  the  dam  below  the  cut-off,  the  former  appears  to  con- 
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Mr.  trol  as  to  the  hydraulic  upward  pressure  against  the  base  of  the  dam. 
This  is  not  necessarily  so,  however,  nor  do  these  hydraulic  grade  lines 
indicate  the  exact  plane  to  which  water  would  rise  if  the  down-stream 
portion  of  dam  were  pervious,  for  there  would  be  loss  of  head  and 
pressure  between  the  film  considered  and  the  final  water  plane, 
wherever  it  might  be.  The  ordinate,  m  n,  for  instance,  measures 
the  head  or  hydraulic  pressure  of  the  bottom  film  at  the  point,  I, 
wherieas  the  actual  pressure  at  m  would  be  less  than  m  n  because  of 
the  loss  of  pressure  between  I  and  m,  and  because  otherwise  the  water 
would  tend  to  find  escape  in  that  direction  rather  than  along  the 
course,  Iha.  The  actual  pressure  line  for  the  base  of  the  dam  due  to 
the  bottom  film  is  probably  little,  if  any,  above  that  due  to  the  top 
film,  but  the  writer  does  not,  at  this  time,  know  just  how  it  can  be 
located  with  assurance  of  entire  accuracy. 

It  will  be  noted  that  the  validity  of  the  "line  of  creep"  theory  is 
herein  recognized,  but  that  it  does  not  have  universal  application.  It 
obtains  with  respect  to  Case  A  when  considering  hydraulic  pressures 
Against  the  base  of  the  dam,  but  does  not  apply  to  Cases  B  and  C.  In 
his  examination  of  the  author's  tests  (Case  A  applies),  the  writer  finds 
nothing  to  upset  the  general  theory  developed  in  the  foregoing,  but, 
on  the  contrary,  finds  some  confirmation  in  the  fact  that  the  average 
maximum  departure  of  the  observed  from  the  writer's  computed 
hydraulic  grade  line  was  only  |  in.  When  it  is  considered  that  the 
author's  tests  show  a  computed  variation  in  entry  head  of  from  —  0.90 
to  +  5.98  in.,  and  in  exit  head  of  from  —  2.26  to  +  0.45  in.,  a 
departure  of  |  in.  from  a  computed  grade  line  should  occasion  no 
surprise.  The  uncertain  effect  of  capillarity,  undefined  entry  and  exit 
resistances,  variations  in  the  mechanical  analyses  of  the  soil,  and 
slight  observational  errors,  would  readily  account  for  so  inconsiderable 
a  discrepancy. 

On  the  whole,  it  may  be  questioned  whether  results  from  tests 
on  such  small-size  models  are  of  great  value.  The  disturbing  and 
relatively  important  effect  of  exit  and  entry  heads,  the  possibility  of 
inadequate  box  length  to  provide  free  approach  and  free  exit  of  the 
seepage  water,  and  other  inherent  limitations,  certainly  make  the  cor- 
rect interpretation  of  the  results  extremely  difficult.  In  the  writer's 
opinion,  the  only  acceptable  confirmation  of  any  theory  as  to  the  move- 
ment of  seepage  waters  beneath  dams,  and  the  effect  of  cut-off  walls 
thereon,  must  come  from  observation  of  full-sized  structures  actually 
built. 

In  closing,  the  writer  would  add  that  the  following  necessary  con- 
clusions are  deduced  from  the  general  theory  herein  developed: 

1. — That  the  form  of  computation  for  determining  discharge  and 
hydraulic  grade  line  are  similar  to  and  practically  as  simple 
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as  those  for  pipe  lines.     With  a  reasonably  accurate  selection     Mr. 
of  the  coefficient,  c,  in  the  first  general  formula,  a  reasonably    ^^'^  ^' 
accurate  discharge,  Q,  can  be  predicted  for  any  head  of  water 
above  the  dam,  and  a  reasonably  accurate  hydraulic  grade  line 
can  be  platted  for  computation  of  pressures. 

2. — That  the  cut-off  wall  must  extend  practically  to  an  impervious 
stratum  in  order  to  reduce  seepage  loss  appreciably.  This 
fact  is  important  in  cases  where  seepage,  by  reason  of  its 
quantity,  or  its  possible  erosive  action,  must  be  considered. 

3. — That,  from  considerations  of  both  seepage  loss  and  reduced 
hydraulic  pressure  on  the  base  of  the  dam,  the  cut-off  wall 
should  be  as  near  the  heel  of  the  dam  as  the  local  physical 
conditions  will  permit. 
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TUNNEL    WORK    ON    SECTIONS    8,    9,    10,    AND    11, 

BROADWAY-LEXINGTON  AVENUE  SUBWAY, 

NEW  YORK  CITY 

Discussion* 


By  Messrs.  Maurice  Griest,  John  H.  Madden,  and  Robert  H.  Jacobs. 


Maurice  Griest,!  Esq.  (by  letter).:}: — This  paper  describes  the  con-  Mr. 
struction  of  the  rock  tunnels  in  Lexington  Avenue  from  57th  Street  '■'''"^^*'- 
to  102d  Street.  It  has  been  prepared,  however,  from  the  point  of  view 
of  the  construction  engineer,  rather  than  that  of  the  designer,  there- 
fore some  special  features  of  the  design  will  be  presented,  particularly 
of  that  portion  from  97th  Street  to  102d  Street,  where  the  structure 
changes  from  a  double-deck  tunnel  to  a  four-track  tunnel  on  one  level. 

Two  features  seem  worthy  of  brief  mention:  First,  the  flat-roof 
construction  with  transverse  beams  and  concrete  jack-arches  and  the 
reasons  for  its  use;  and  second,  the  method  of  reinforcing  the  structure 
after  the  steel  therefor  was  delivered,  in  order  to  provide  for  materially 
heavier  loads  than  were  contemplated  originally. 

The  original  design  for  this  portion  contemplated  the  use  of  con- 
crete arches — twin  tubes  between  97th  and  100th  Streets  as  the  local 
tracks  spread  out,  and  four  single-track  tubes  from  100th  to  102d 
Street  as  the  grades  approach.  In  the  former  case,  the  clear  span 
varied  from  14  to  30  ft.;  in  the  latter  cose,  the  spans  were  uniformly 
14  ft.  The  principal  reason  for  adopting  the  arch  form  of  construc- 
tion in  preference  to  the  ordinary  subway  construction,  was  the  greater 
ease  in  placing  the  concrete  in  the  arch  form  than  in  the  flat  roof  with 
smaller  clearance  above. 

*  This  discussion  (of  the  paper  by  Israel  V.  Werbin,  Assoc.  M.  Am.  Soc.  C.  E., 
published  in  August,  1916,  Proceedings,  and  presented  at  the  meeting  of  September 
20th,  1916),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be 
brought  before  all  members  for  further  discussion. 

t  Asst.  Designing  Engr.,  Public  Service  Comm.,  First  Dist.,  New  York  City. 

t  Received  by  the  Secretary,  September  20th,  1916. 
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Mr.  It  was  soon  apparent  that  it  would  be  desirable,  on  account  of  the 

'^'"^^  ■  condition  of  the  rock,  to  construct  one  track  at  a  time.  To  do  so  with 
the  original  construction,  it  would  have  been  necessary  to  leave  the 
centers  in  place  in  one  arch  iintil  the  adjacent  arch  was  poured  and 
packed  to  rock.  Therefore,  the  ordinary  flat  roof  construction  with 
transverse  beams,  5-ft.  centers,  was  substituted,  the  steelwork  being 
arranged  to  permit  the  construction  of  the  center  express  tracks  in 
advance  of  the  excavation  for  or  construction  of  the  local  tracks. 

Between  100th  and  102d  Streets,  the  roof  in  general  for  the  ordinary 
14-ft.  width  consisted  of  a  20-in.,  80-lb.  beam  supported  between  the 
tracks  by  6-in.  plate  and  angle  columns,  and  at  the  sides  by  12-in., 
.31^-lb.  wall  beams,  designed  for  both  roof  load  and  side-wall  pressure. 
This  roof  could  carry  safely  the  weight  of  12  ft.  of  rock  above  it. 
It  was  expected  that  the  rock  would  be  sound  enough  to  arch  over, 
so  that  in  no  case  would  there  be  a  weight  greater  than  the  foregoing 
carried  by  the  roof.  It  was  necessary,  later,  to  increase  the  strength 
of  the  roof,  for  two  reasons:  first,  at  102d  Street,  on  account  of  the 
poor  rock,  open-cut  excavation  was  extended  beyond  the  original  portal 
location,  so  that  the  maximiim  depth  of  fill  over  the  roof  was  increased 
to  depths  varying  from  28  to  38  ft.  The  roof,  therefore,  designed  to 
carry  12  ft.  of  rock,  was  now  to  support  from  28  to  38  ft.  of  back-fill. 
As  described  in  the  paper,  the  rock  in  some  cases  broke  out  12  ft. 
beyond  the  neat  line  of  excavation,  the  excess  excavation  being  refilled 
with  hand-packed  stone  or  concrete.  In  other  cases,  the  rock  was  poor 
and  seamy,  so  that  the  weight  to  be  supported  on  the  roof  was  prob- 
lematic. It  was  necessary,  therefore,  to  make  provision  for  the  support 
of  more  than  12  ft.  of  rock  for  a  considerable  part  of  the  tunnel. 

To  meet  these  conditions,  it  was  necessary  to  add  from  50  to  100% 
to  the  strength  of  the  roof.  The  steel  roof-beams  were  already 
delivered.  Several  months  would  have  been  required  to  obtain  addi- 
tional structural  steel.  The  conditions  of  the  rock  made  it  desirable, 
even  imperative,  that  the  i)ermanent  construction  be  placed  without 
delay.  The  contractor  had  on  hand  a  supply  of  rods  ordered  for  other 
parts  of  the  section.  Furthermore,  the  rock  had  broken  out,  as 
described  in  the  paper,  above  the  neat  line  of  excavation,  so  that  the 
thickness  of  the  roof  could  be  increased  without  additional  excavation. 
It  was  decided,  therefore,  to  omit  the  jack-arches  and  increase  the 
thickness  of  the  concrete  of  the  roof,  so  as  to  develop  in  effect  a  rein- 
forced concrete  slab. 

The  original  plans  showed  an  average  thickness  of  concrete  3  in. 
above  the  top  of  the  beams.  This  was  increased  to  12,  14,  and  20  in. 
in  various  cases  (making  the  depth  of  concrete  32,  34,  and  40  in., 
respectively).  Four  1-in.  tension  rods  were  added  in  each  5-ft.  bay 
between  adjacent  bents.  Assuming  the  roof  to  be  a  reinforced  con- 
crete   slab,    the    reinforcing    consisting   of   the    rods   and   beams,    the 
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neutral  axis  is  found  to  be  above  the  top  of  the  beam.  The  web  of  the  Mr. 
beam,  therefore,  assisted  in  resisting  the  vertical  shear,  but  did  not  "^^  ' 
resist  any  part  of  the  horizontal  shear  at  the  neutral  axis.  Six  |-in. 
inclined  shear  rods  were  added,  therefore,  in  each  5-ft.  bay  over  each 
support.  By  this  method  of  reinforcing,  the  supporting  power  of  the 
roof  was  increased  50%  for  32  in.  thickness,  70%  for  34  in.  thickness, 
and  110%  for  40  in.  thickness  of  concrete. 

It  was  also  necessary  to  reinforce  the  center  walls  to  carry  a  load 
even  greater  than  the  supporting  power  of  the  roof.  (The  rock  being 
caught  up  near  or  over  the  center  walls  and  the  space  filled  later  with 
hand-packed  stone  and  rubble,  made  it  probable  that  a  greater  loading 
would  be  carried  on  the  walls  than  on  the  intervening  roof  beams.) 
The  columns,  therefore,  were  embedded  in  12-in.  and,  in  some  cases,  in 
16-in.  concrete  walls,  with  eight  1-in.  vertical  rods  in- each  5-ft.  bay. 
The  load  was  then  assumed  to  be  distributed  as  in  a  reinforced  concrete 
wall,  over  the  steel  and  concrete. 

John  H.  Madden,*  Assoc.  M.  Am.  Soc.  C.  E. — This  work  was  of  Mr. 
such  magnitude,  and  the  problems  presented  were  so  numerous,  that 
the  details  would  readily  afford  a  field  for  several  papers  of  the  extent 
of  that  offered.  Under  such  circumstances,  the  wisdom  of  illustrating 
the  text  profusely  is  apparent.  The  speaker  believes  that  it  may  be  of 
interest  to  review  the  development  of  the  methods  adopted  for  the  tun- 
neling operations  and  the  experience  during  their  execution,  and,  to 
that  end,  will  devote  his  remarks  in  general  to  the  work  in  progress  for 
the  first  two  years  of  these  contracts,  when  he  was  in  direct  charge  of 
the  tunnel  construction  for  the  Public  Service  Commission.  The 
author  succeeded  to  that  capacity  in  April,  1914. 

Design. — For  subways  to  carry  intraurban  traffic  it  is  essential  to 
provide  ready  access  to  stations,  so  as  to  offer  the  greatest  convenience 
to  the  traveling  public,  and  where  the  stations  occur  at  frequent  inter- 
vals, as  is  necessary  in  !New  York  City,  this  demands  the  minimum 
depth  below  the  street  surface  consistent  with  a  feasible  re-adjustment 
of  the  existing  sub-surface  structures  which  will  be  interfered  with. 
In  the  work  under  discussion,  this  was  complicated  further  by  the  loca- 
tion of  the  express  stations  of  the  lower  level,  at  which  points  a  prac- 
tical connection  had  to  be  provided  with  the  local  or  high-level  service. 

With  these  considerations  in  mind,  the  small  rock  cover  in  places, 
with  its  incidental  construction  difficulties  in  the  tunneling,  can  be 
readily  understood.  Future  building  operations  or  other  sub-surface 
reconstruction  involving  a  disturbance  of  existing  conditions,  was  an 
added  factor  in  the  problem  of  the  design  of  the  structure. 

Excavation.— The  general  character  of  the  material  encountered 
in  the  excavation  has  been  sufficiently  described,  except  that  in  many 
places  a  considerable  stratum  of  destroyed  rock,  overlying  the  ledge 
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Mr.      rock,    was    penetrated.      These    deposits    had    been    deprived    of    their 
^°'  cementing  properties,  and  could  usually  be  removed  with  a  pick  and 
shovel,  though,  when  exposed  in  the  face,  they  presented  every  appear- 
ance of  ledge  rock. 

On  starting  the  work,  there  was  discussion  as  to  adopting  a  bottom 
heading,  but,  in  view  of  the  many  faults  and  seams  common  to  rock 
of  the  character  of  Manhattan  schist,  it  was  feared  that  the  use  of  this 
method  might  loosen  the  overlying  material  and  complicate  the  sub- 
sequent removal  of  the  upper  section  of  the  tunnel.  With  the  top 
heading,  support  could  be  provided  with  the  advance,  before  the  ground 
had  an  opportunity  to  work  and  become  heavy. 

As  shown  in  the  paper,  the  finished  two-track  section  was  about 
32  ft.  wide,  and  the  roof  of  the  excavation  was  very  flat.  To  permit 
the  structure  to  be  completed  piecemeal,  steel  columns  and  longi- 
tudinal girders  were  substituted  in  the  center  wall  for  the  original  rein- 
forced concrete  design.  By  this  means  half  of  the  structure  could  be 
built  and  blocked  against  lateral  movement,  and  thereby  avoid  expos- 
ing the  rock  for  the  full  section  at  one  time. 

Reference  is  made  by  the  author  to  the  completion  of  the  upper 
level  in  advance  of  the  work  for  the  lower  tunnels.  It  must  be  borne 
in  mind  that  it  is  necessary  to  maintain  progress  in  work  of  this  char- 
acter, and  that  the  contractor  must  base  his  methods  on  the  preliminary 
information  as  to  the  character  of  the  material  which  will  be 
encountered.  Except  where  it  is  known  that  the  tunnel  roof  will  pro- 
ject above  the  rock  outcrop  into  a  sandy  soil  continuing  to  the  upper 
level,  and  thereby  induce  a  bleeding  off  below  that  level,  with  the 
probable  disturbance  of  the  intervening  material,  extending  to  either 
side  and  entailing  settlement  outside  of  the  normal  limits  of  the  work, 
it  would  seem  that  some  advantage  can  be  claimed  for  this  procedure. 
The  completion  of  the  upper  level  excavation  removes  the  overhead 
load  if  poor  ground  is  developed  in  the  tunnel,  or  if  the  rock  cover 
above  the  roof  of  the  tunnel  is  very  thin.  The  timbering  of  the  upper 
level  excavation  may  also  act  to  localize  any  disturbance  caused  by 
the  tunnel  excavation,  by  retaining  the  side  banks  above  and  diminish- 
ing the  possibility  of  an  extensive  outside  settlement. 

Where  apprehension  is  felt  as  to  settlement  from  this  sequence  of 
operations,  it  is  not  believed  that  underpinning  abutting  buildings  is 
as  effective  for  their  protection  against  injury,  as  supporting  their 
foundations  on  cribwork,  as  the  latter  admits  of  correction  for  settle- 
ment and,  on  the  completion  of  the  subway  structure,  such  foundations 
can  be  extended  to  stable  ground. 

It  is  not  intended,  however,  to  question  the  wisdom  of  deferring 
the  construction  of  the  structure  at  the  upper  level  in  advance  of  the 
completion  of  the  lower  tunnel  excavation  where  the  latter  is  to  be 
conducted  through  poor  material.     As  stated  by  the  author,  where  this 
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course  was  followed,  voids  were  caused  under  the  upper  structure,  and  Mr. 
in  some  instances  a  cavity  was  developed  between  the  two  levels.  An  ^^'"^  *^^"' 
attempt  was  made  to  close  the  neck  of  this  crater  with  small  timber, 
sealing  above  it  with  concrete  and  packing  the  sides  of  the  cavity  with 
sand  bags  to  prevent  slovighing  off.  Grout  was  introduced  under  pres- 
sure from  below,  in  order  to  consolidate  the  disturbed  ground,  but,  as 
no  great  success  was  attained  in  preventing  further  development  of 
the  settlement,  it  was  necessary  ultimately  to  reconstruct  the  footings 
and  track  floor.  Indifferent  results  were  likewise  obtained  from  efforts 
to  compact  the  soft  ground  underlying  the  upper  level  so  as  to  retain 
it  in  place  during  the  subsequent  excavation  from  the  lower  tunnel. 

Blasting. — The  diagrams  and  data  in  the  paper  supply  full  details 
of  the  blasting  operations.  Where  buildings  abut  on  tunnel  work  and 
are  founded  on  the  same  rock  strata  to  be  excavated,  some  concussion 
is  unavoidable,  but  the  damage  from  this  source  was  remarkably  slight, 
vmder  the  circumstances. 

In  the  vicinity  of  some  of  the  portals  the  breakage  of  windows  was 
quite  extensive,  because  of  the  air  vibrations  following  the  blasting, 
and  though  several  expedients  were  tried  to  break  up  the  velocity  of 
the  discharge  at  the  portals  they  met  with  no  great  success.  The 
increase  in  the  number  of  holes  or  the  reduction  in  the  charge  of 
dynamite  had  no  material  effect  in  reducing  the  damage  to  the 
windows.  The  plate  glass  store-fronts  were  protected  with  small 
wooden  blocks  placed  on  each  side  of  the  glass  over  which  wires  were 
carried  to  a  frame  at  the  top  and  bottom  of  the  window.  This  operated 
to  confine  the  oscillations  induced  by  the  vibration,  and  proved  very 
efficacious  in  preventing  the  breaking  or  cracking  of  the  glass.  It  was 
not  practical,  however,  to  place  this  device  on  each  of  the  great  number 
of  small  house  windows,  and,  when  broken,  these  were  promptly 
replaced. 

Emphasis  might  well  be  laid  on  the  use  of  the  powerful  searchlight 
which  was  mounted  on  a  car  in  the  tminel  and  used  for  periodic 
inspection  of  all  exposed  rock.  This  readily  disc]|)sed  any  indications 
of  the  rock  working,  or  spalls  loosening,  and  suitable  precautions  could 
be  taken  as  required.  In  some  instances  where  the  ground  was 
treacherous,  the  searchlight  was  used  to  examine  the  face  of  the  head- 
ing following  the  blasting  and  before  any  men  were  permitted  to 
enter.  Its  use  was  an  insurance  factor  that  is  worthy  of  adoption  on 
work  of  this  character. 

Timbering. — Where  timbering  was  necessary,  the  usual  segmental 
type  was  used,  and  the  design  contemplated  either  the  support  of  the 
overhead  load  where  the  ground  was  heavy  or  protection  against 
injury  through  the  dropping  out  of  spalls  or  fragments  where  the  rock 
was  firm  but  blocky.  When  the  soft  water-bearing  material  was 
encountered  at  74th  Street,  the  contractor  adopted  the  expedient   (as 
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Mr.  mentioned  by  the  author)  of  driving  long  spikes  in  the  sides  of  the 
^  ^°'  caps,  and  these  projected  from  their  face  and  formed  a  bond;  the  space 
between  the  timber  sets  was  then  packed  solid  with  concrete  through 
which  the  grout  pipes  extended.  This  method  proved  so  advantageous 
that  it  was  used  subsequently  in  other  parts  of  the  work  to  which  it 
would  apply. 

By  this  method  the  timbering  was  not  only  greatly  reinforced,  but 
a  very  efficient  and  uniform  support  was  provided  for  the  roof  between 
the  sets.  A  seal  was  also  obtained  for  the  water  draining  off  from 
above,  and,  where  desirable,  this  could  be  collected  and  removed  under 
control  through  grout  pipes  kept  open  for  that  purpose.  In  rock  which 
is  seamed  and  faulted,  to  the  extent  of  that  encountered  in  many 
places  in  this  locality,  it  is  important  to  minimize  the  time  of  the 
exposure  of  the  face  in  the  excavation,  so  as  to  reduce  the  tendency  to 
work;  and  it  is  believed  that  concreting  between  sets  as  soon  as  prac- 
tical after  their  erection  offers  an  excellent  solution  of  that  problem. 
This  is  particularly  applicable  when  the  permanent  lining  cannot  be 
completed  coincident  with  the  advance  of  the  tunnel  excavation. 

As  described  in  the  paper,  the  work  presented  imusual  problems  in 
tunnel  construction,  and  required  from  the  contractors  a  severe  tax  on 
their  experience  and  resourcefulness.  Acknowledgment  is  due  to  The 
Bradley  Contracting  Company  and  P.  McGovern  and  Company  for 
the  successful  completion  of  their  respective  sections. 

Mr.  Robert  H.  Jacobs,*  Assoc.  M.  Am.  See.  C.  E. — This  paper  brings 

Jacobs.  fQj.Qi}j|y  iQ  lY^Q  mind  of  the  engineer  the  hazards  necessarily  incident  to 
execution  of  work  of  this  character.  To  those  acquainted  with  such 
work,  it  is  unnecessary  to  emphasize  the  fact  that  the  process  of  driv- 
ing tunnels,  of  the  dimensions  required  for  subway  operation,  to  rock 
such  as  exists  throughout  Manhattan  within  the  limits  of  city  streets, 
it  somewhat  hazardous,  even  when  carried  on  under  the  strictest  and 
most  competent  supervision.  This  applies  not  only  to  the  force 
employed,  but  also  to  some  extent  to  the  public.  It  is  felt,  therefore, 
that  it  is  a  matter  for  congratulation  that  in  the  total  of  9  700  lin.  ft. 
of  tunnel  work,  including  3  100  lin.  ft.  of  four-track  tunnel,  covered  by 
this  paper,  there  were  no  accidents  affecting  the  public,  the  only  injuries 
suffered  being  slight  damages  to  buildings  due  to  vibration  and  con- 
cussion, and,  in  the  case  of  soft  ground  tunnels,  a  possible  slight  settle- 
ment in  a  few  buildings. 

Considering  the  close  proximity  of  buildings  (Lexington  Avenue 
being  only  75  ft.  wide),  the  character  of  the  material  excavated,  and 
the  millions  of  people  passing  daily  over  the  temporary  supports  in 
the  case  of  the  cut-and-cover  work,  the  record  of  casualties  for  the 
whole  subway  work  is  an  enviable  one.     It  may  be  stated,  however, 
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that  the  various  processes  of  construction  cannot  be  carried  on  with  Mr. 
the  same  degree  of  safety  as  may  be  obtained  in  the  operation  of  com- 
pleted machines  or  structures.  For  example,  if  the  same  safeguards 
were  thrown  around  the  structural  ironworker  engaged  on  the  erection 
of  a  skyscraper  as  are  thrown  around  the  passenger  in  the  elevator  of 
a  completed  building,  the  speaker  is  sure  we  would  have  no  skyscrapers. 
In  the  same  way,  if  the  same  safeguards  were  to  be  thrown  around  a 
tunnel  excavator  as  around  a  subway  passenger,  there  would  be  no 
subways. 

It  has  seemed  to  the  speaker  that  in  undertaking  this  great  work 
at  the  behest  of  our  masters,  the  people,  that  the  latter  should  be 
allowed  to  know  in  advance  that  there  are  certain  necessary  hazards 
incidental  to  such  work,  no  matter  how  conscientiously  and  ably 
planned  and  executed.  He  is  quite  sure  that  such  knowledge  would  in 
no  wise  deter  them  from  their  purpose  to  have  these  very  necessary 
facilities  provided.  When,  however,  the  public,  through  a  lack  of 
knowledge  of  the  conditions  under  which  work  of  this  character  is 
carried  on,  believes  that  it  can  and  should  be  carried  forward  with 
absolute  safety  by  the  exercise  of  even  ordinary  care  and  skill,  those 
in  responsible  relation  to  the  work  are  subjected  to  the  most  severe 
criticism  or  worse,  in  the  case  of  casualties. 

This  is  being  brought  very  forcibly  to  mind  at  this  time  by  the 
recent  failure  of  a  portion  of  the  erecting  appliance  of  the  Quebec 
Bridge.  The  general  public  is  quite  aware  of  the  fact  that  the  doctor 
is  dealing  with  certain  unknown  elements  in  his  work,  and  therefore 
does  not  hold  him  to  strict  accountability  for  the  success  of  his  treat- 
ment. It  does  not  realize,  however,  that  (although  to  a  very  much 
less  extent)  there  are  certain  unknown  elements  which  confront  the 
engineer  in  the  prosecution  of  work,  which  make  it  impossible  for 
him  to  insure  that  it  will  be  conducted  with  absolute  safety,  notwith- 
standing the  fact  that  he  is  willing  to  accept  full  responsibility  for  the 
finished  product.  The  lack  of  realization  of  this  results  in  the  engi- 
neer being  held  to  an  accountability  which  is  unfair  to  the  Profession. 
Here  is  an  opportunity  for  educational  work  which  can  be  accomplished 
by  the  engineer  alone. 
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By  James  C.  Meem,  M.  Am.  Soc.  C.  E. 


J.  C.  MEEM,f  M.  Am.   Soc.  C.  E.   (by  letter).:}:— The  author  has     Mr. 
covered  the  subject  of  this  paper  so  ably  and  fully  that  very  little     ^®™' 
remains  to  be  said,  except  in  reference  to  the  elaboration  of  certain 
points  which  he  has  mentioned. 

The  sectional  roof  shield  method  of  tunneling  has  been  used  on 
many  important  pieces  of  work,  and  is  doubtless  familiar  to  many, 
but  the  use  of  the  "pilot-girder"  in  connection  therewith  is  new. 
This  was  made  of  two  lattice-girders,  4  ft.  high,  cross-tied  and  braced 
to  form  a  continuous  box-girder,  the  rear  members,  as  stated,  being 
carried  forward  and  placed  in  position  as  required.  The  outer  chords 
were  made  longer  than  the  inner  ones,  in  order  to  accommodate  it  to 
the  curvature  of  the  tunnel.  The  office  of  this  girder  was  to  carry  the 
falsework  over  the  bottom  excavation  between  the  heading  and  the 
completed  section  of  the  tunnel,  and  it  proved  to  be  a  very  satisfactory 
and  efficient  substitute  for  the  arched  timber  method  which  had  gen- 
erally been  used  in  connection  with  the  sectional  shield. 

Owing  to  the  shortness  of  the  radius  of  curvature  of  this  tunnel 
and  the  extreme  accuracy  with  which  the  rings  had  to  be  set  (the 
contractor   was   limited   absolutely  to   a   variation   of   not   more   than 

*  This  discussion  (of  the  paper  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  pub- 
lished in  August,  1916,  Proceedings,  and  presented  at  the  meeting  of  October  4th, 
1916),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 
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Mr.  2  in.  at  any  point),  it  is  doubtful  whether  any  other  method  of  tunnel- 
ing could  have  been  used  so  successfully  and  advantageously. 

In  the  matter  of  the  concrete  key  in  the  roof,  which  is  shown  in 
Fig.  16,  very  satisfactory  results  were  obtained  by  filling  beforehand 
these  spaces  in  the  cast-iron  ring  above  the  key.  Heretofore,  as  far 
as  the  writer  knows,  no  satisfactory  method  of  filling  these  spaces  after 
placing  the  key  has  been  found,  except  by  grouting.  This  key  was 
placed  by  using  a  form  with  a  movable  bottom;  on  this  the  concrete 
was  placed  and  then  the  whole  mass  was  jacked  into  the  roof  space 
and  maintained  until  it  had  set. 

In  the  matter  of  the  very  limited  dependence  to  be  placed  on 
skin  friction  resistance  of  piles,  as  noted  by  the  author,  the  writer 
agrees  very  heartily.  He  believes  that  skin  friction  resistance  is  often 
mixed  up  with  bearing  resistance,  and  that,  as  a  factor  by  itself,  it 
has  very  little  value,  especially  with  smooth-bore  piles.  To  assume  a 
value  of,  for  instance,  1  000  lb.  per  sq.  ft.  for  skin  friction  resistance, 
as  many  engineers  often  do,  is  to  assume  that  the  pile  withstands  an 
external  pressure  of  approximately  2  500  lb.  per  sq.  ft.  It  is  improbable, 
however,  except  in  cases  of  very  long  piles  in  deep  fluid  strata,  that 
piles  are  ever  subjected  to  a  pressure  of  more  than  a  few  pounds  per 
square  foot,  and  if  this  is  true,  skin  friction  resistance,  of  course,  can 
be  only  a  fraction  of  this  pressure,  so  that,  as  stated,  it  may  be  neglected 
in  nearly  all  cases.  The  pile,  undoubtedly,  derives  its  real  support 
from  the  so-called  "bulb  of  pressure"  at  its  base. 
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EDWARD  CANFIELD,  M.  Am.  Soc.  C.  E.* 


Died  August  18th,  191G. 


Edward  Caiilield,  son  of  Caleb  Augustus  and  Sarah  Withington 
Canfield,  was  born  at  Geneva,  N.  Y.,  on  May  27th,  1848.  He  was 
graduated  from  Hobart  College  in  1869,  receiving  the  degree  of  A.  B., 
and,  in  1874,  the  degree  of  A.  M. 

In  1869,  Mr.  Canfield  began  his  professional  career  iii  the  Engineer- 
ing Corps  of  the  Erie  and  Geneva  Valley  Railroad.  From  1870  to 
1872,  he  was  Division  Engineer  of  the  Syracuse  Northern  Railroad ; 
from  1872  to  1873,  Division  Engineer  of  the  Pennsylvania  Petroleum 
Railroad;  from  1873  to  1874,  Assistant  Engineer,  Atlantic  and  Great 
Western  Railway;  from  1875  to  1878,  Division  Engineer  of  the  Syra- 
cuse, Geneva  and  Corning  Railroad;  from  1879  to  1881,  Assistant 
Engineer  of  the  New  York,  Lake  Erie  and  Western  Railroad;  and 
from  1881  to  1882,  Roadmaster  of  the  Rochester  Division  of  the  New 
York,  Lake  Erie  and  Western  Railroad.  While  in  the  latter  position, 
he  organized  and  carried  out  the  work  of  changing  the  entire  Rochester 
Division  from  broad  to  standard  gauge  in  one  day. 

On  November  9th,  1882,  Mr.  Canfield  entered  the  service  of  the 
New  York,  Ontario  and  Western  Railway  Company,  in  which  he 
continued  to  the  close  of  his  life,  having  been  first  appointed  Superin- 
tendent of  Construction  of  the  line  from  Middletown  to  Cornwall, 
N.  Y.,  and  from  there  to  Weehawken,  N.  J.,  the  latter  portion  being 
now  a  part  of  the  West  Shore  Railroad,  which  is  leased  to  and 
operated  by  the  New  York  Central  Railroad  Company.  In  1884,  on 
the  completion  of  the  construction  work,  he  was  appointed  Superin- 
tendent of  the  Southern  Division. 

On  December  1st,  1887,  he  was  appointed  Chief  Engineer  in 
charge  of  new  construction,  maintenance  of  way,  and  bridges  and  build- 
ings. As  Chief  Engineer,  he  had  charge  of  locating  and  constructing 
the  branch  from  Cadosia,  N.  Y.,  to  Scranton,  Pa.,  which  gave  the  New 
York,  Ontario  and  Western  Railway  Company  entrance  into  the 
anthracite  coal  regions  of  Pennsylvania.  In  1895,  he  was  appointed 
General  Superintendent,  having  charge  of  all  operation  except  traffic, 
which  office  he  held  at  the  time  of  his  death. 

Mr.  Canfield  served  for  some  years  on  the  Board  of  Directors  of 
the  Orange  County  Trust  Company,  was,  at  the  time  of  his  death,  a 
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Trustee  of  the  Middletown  Savings  Bank,  and,  at  one  time,  a  member 
of  the  Board  of  Education  of  Middletown,  N.  Y. 

The  Board  of  Directors  of  the  New  York,  Ontario  and  Western 
Railway  Company  adopted  the  following  minute  at  a  meeting  held 
September  12th,  1916: 

"This  Board  records  its  deep  sense  of  loss  in  the  death  of  Edward 
Canfield,  late  General  Superintendent,  which  occurred  at  his  home  in 
Middletowai,  New  York,  on  August  18,  1916. 

"Mr.  Canfield  entered  the  service  in  1882  in  the  Engineering  De- 
partment, later  becoming  Chief  Engineer,  and  in  1895  General  Super- 
intendent. 

"In  all  his  long  service  he  displayed  intense  loyalty  to  the  Company 
and  its  interests ;  to  his  skill  as  an  engineer  is  due  in  large  part  the 
continued  progressive  advance  in  the  physical  condition  of  the  prop- 
erty, while  through  his  good  judgment  and  careful  management  a 
high  degree  of  efficiency  in  operation  has  been  attained. 

"His  fine  character,  marked  ability,  untiring  industry,  absolute 
devotion  to  duty,  and  unfailing  justice  in  his  relations  with  all  in  the 
service,  gained  for  him  the  profound  respect  and  regard  of  all  who 
knew  him. 

'  "No  better  example  could  be  found  in  railroad  service  than  the 
record  of  his  life  work." 

He  was  married  on  September  l7th,  1874,  to  Jane  Hastings, 
daughter  of  Major  David  H.  Hastings,  of  the  United  States  Army, 
who,  with  their  sons,  David  H.  Canfield,  Captain  Edward  Canfield,  U. 
S.  A.,  and  Richard  W.  Canfield,  survives  him. 

Mr.  Canfield  was  a  member  of  the  Sigma  Phi  Fraternity,  and  was 
elected  a  Member  of  the  American  Society  of  Civil  Engineers  on 
December  3d,  1879. 


SLEDGE  TATUM,  M.  Aiii.  Soc.  C.  E.* 


Died  January  18th,  1916. 


Sledge  Tatum,  the  son  of  Seth  and  Sarah  Elizabeth  Tatum,  was 
born  on  July  10th,  1870,  at  LaGrange,  Ga.  He  received  his  education 
at  the  LaGrange  High  School  and  from  private  instructors. 

He  began  his  professional  career  in  1886  in  the  Engineering 
Department  of  the  Macon  and  Birmingham  Railroad,  and,  later,  was 
engaged  in  surveying  and  engineering  work  in  Fulton  and  Troup 
Counties,  Georgia. 

In  1894  he  was  elected  a  member  of  the  Georgia  Legislature  to 
represent  Troup  County. 
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In  May,  1895,  Mr.  Tatum  was  appointed  Surveyor  in  the  United 
States  Geological  Survey,  and  spent  several  years  surveying  land  lines 
in  Indian  Territory.  In  1899.  he  was  appointed  Topographer,  and 
carried  on  triangulation  in  various  States.  In  1903,  he  surveyed 
forest  houndaries  in  Washington  and  Idaho,  and  the  following  year 
executed  triangulation  along  the  International  Boundary. 

On  June  10th,  1905,  he  was  transferred  from  the  Department  of 
the  Interior  for  service  with  the  Department  of  Engineering  of  the 
Isthmian  Canal  Commission.  He  began  work  in  the  Canal  Zone  as 
Instrumentman  on  the  Chagres  River  surveys,  and  advanced  rapidly 
through  the  different  grades,  at  one  time  having  charge  of  all  the 
survey  parties  in  the  field,  both  on  the  Chagres  River  Division  and 
the  Canal  Zone  boundary.  On  November  1st,  1908,  Mr.  Tatum  was 
made  Superintendent  of  Construction  and  was  employed  on  the 
building  of  the  Gatun  Dam  under  Gen.  William  L.  Sibert,  M.  Am.  Soc. 
C.  E.,  Division  Engineer.  He  had  charge  of  the  surveys,  the  excava- 
tion at  the  spillway,  and  the  driving  and  filling  of  all  trestles.  He 
resigned  on  February  8th,  1909,  to  accept  a  transfer  to  the  United 
States  Geological   Survey. 

On  his  return  to  the  Survey,  Mr.  Tatum  was  assigned  to  special 
investigations  and,  on  June  1st,  1910,  was  appointed  Geographer  in 
charge  of  the  Rocky  Mountain  Division,  comprising  North  and  South 
Dakota,  Kansas,  Nebraska,  Oklahoma,  Montana,  Wyoming,  Colorado, 
New  Mexico,  and  Texas,  with  summer  headquarters  at  Denver,  Colo. 
His  duties  comprised  the  planning  and  supervision  of  all  topographic 
mapping  in  this  area. 

On  December  10th,  1915,  he  was  appointed  Acting  Chief  Geographer 
of  the  Topographic  Branch  of  the  United  States  Geological  Survey, 
in  which  capacity  he  served  until  his  death. 

Mr.  Tatum  was  one  of  those  rare  combinations  of  thorough  ability, 
good  judgment,  and  consideration  of  the  rights  of  others,  and  his 
death  was  a  great  loss,  both  to  his  associates  in  the  Survey,  with 
whom  he  had  served  for  twenty  years,  and  to  his  wide  circle  of  friends. 

C.  L.  Carpenter,  M.  Am.  Soc.  C.  E.,  Manager  of  the  Central  Aguirre 
Company,  of  Central  Aguirre,  Porto  Rico,  writes  of  Mr.  Tatum  as 
follows : 

"I  believe  there  was  hardly  a  person  on  the  Isthmus  during  the 
time  he  was  there  who  was  so  universally  respected  and  liked  by  the 
people  to  whom  he  reported  and  by  the  people  who  reported  to  him, 
and  I  can  hardly  think  of  a  person  on  the  Isthmus  to  whom  this  would 
apply  so  well  during  the  four  years  that  I  was  connected  with  the 
Panama  Canal.  He  certainly  was  a  very  loyal  employee  of  the 
Isthmian  Canal  Commission  and  a  very  loyal  friend.  He  was  an 
extremely  good  judge  of  human  nature  and  a  good  executive,  and  he 
did  a  great  deal  to  help  in  training  many  young  men  while  he  was 
on  the  Isthmus. 
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"1  know  very  few  men  who  had  all  Mr.  Tatum's  good  qualities,  and 
it  is  certainly  a  pity  that  he  should  be  called  away  so  soon." 

Mr.  Tatum  was  a  member  of  the  Washington  Society  of  Engineers 
and  of  the  Cosmos  Club  of  Washington.  He  also  belonged  to  a  Missis- 
sippi Commandery  of  Knights  Templar. 

He  was  married  on  May  5th,  1909,  to  Miss  Sarah  Richardson,  of 
Huntsville,  Ala.,  a  daughter  of  Representative  William  Richardson 
and  Elizabeth  Benagh  Rucker  Richardson,  and  is  survived  by  his  wife. 

Mr.  Tatum  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  January  4th,  1910. 


STANLEY  HASTINGS  .McMULLEN,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  July  12th,  1916. 


Stanley  Hastings  McMullen,  the  third  son  of  the  late  H.  D. 
McMullen,  was  born  at  Aurora,  Ind.,  on  June  4th,  1872.  He  received 
his  early  education  in  the  public  schools  of  his  home  town,  leaving  the 
High  School  to  enter  the  United  States  Naval  Academy  at  Annapolis, 
Md.,  in  May,  1893.  He  was  obliged,  on  account  of  ill  health,  to  leave 
the  Naval  Academy  during  his  third  year,  and  in  September,  1895, 
he  entered  Purdue  University  where  he  took  the  course  in  Civil  Engi- 
neering. 

In  May,  1899,  Mr.  McMullen  entered  the  employ  of  the  Illinois 
Central  Railroad  Company,  as  Track  Apprentice.  He  remained  with 
this  Company  until  September,  1903,  having  attained  the  position  of 
Resident  Engineer  in  charge  of  construction.  He  was  obliged  to  go 
West  on  account  of  his  health  and  from  September,  1904,  to  January, 
1905,  was  engaged  with  the  State  Engineer  of  Colorado  on  the  Colorado- 
Kansas  Irrigation  suit  then  before  the  Courts.  On  his  return  East 
he  served  as  Division  Engineer  on  14  miles  of  construction  for  the 
Indianapolis  and  Louisville  Traction  Line,  from  April  to  December, 
1906. 

In  January,  1907,  Mr.  McMullen  went  to  El  Paso,  Tex.,  where  he 
was  engaged  in  private  surveying  until  March  of  that  year,  when  he 
was  appointed  City  Engineer  of  Aurora,  Ind.  He  held  that  position 
until  October,  1907,  during  which  time  he  planned  the  sewer  system 
for  that  city  and  many  street  improvements. 

Mr.  McMullen  then  returned  to  Colorado  and  served  as  Assistant 
Engineer  with  the  Denver  Reservoir  and  Irrigation  Company  until 
January,  1908,  when  he  returned  to  Anderson,  Ind.,  to  engage  in  the 
private  practice  of  engineering. 

•  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  Society  House. 
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In  September,  1913,  he  accepted  a  position  as  Assistant  City  Engi- 
neer and  Draftsman  at  El  Paso,  Tex.,  which  he  held  until  April,  1915. 
Mr.  McMullen  afterward  devoted  his  time  to  private  practice  in  and 
around  El  Paso,  and  also  at  Lake  City,  Fla.,  until  May,  1916,  when 
he  returned  to  JefFersonville,  Ind.,  fully  intending  within  a  short  time 
to  return  to  Orlando,  Fla.,  where  he  had  accepted  a  position.  His 
health  had  been  failing  for  some  time  and  at  the  urgent  request  of 
his  family  he  entered  Christ  Hospital,  at  Cincinnati,  Ohio,  where  he 
died  after  an  operation  undertaken  in  a  last  effort  to  save  his  life. 

In  1901  he  was  married  to  Miss  Laura  Frank,  of  Jeffersonville, 
Ind.,  who,  with  his  three  brothers,  survives  him. 

Mr.  McMullen  was  regarded  as  an  engineer  of  exceptional  ability 
and  his  work  was  always  highly  commended  by  his  superiors.  Owing 
to  the  fact  that  he  was  obliged,  on  account  of  his  health,  to  live  and 
work  in  many  different  parts  of  the  country,  his  experience  covered 
almost  every  phase  of  engineering  work.  He  was  a  man  of  indom- 
itable will  power  and  of  strong  convictions,  never  hesitating  to  stand 
up  for  that  which  he  deemed  to  be  right  or  to  oppose  that  which  he 
considered  wrong.  He  was  a  loyal  and  devoted  member  of  the  Methodist 
Episcopal  Church  which  he  had  joined  in  his  youth,  and  he  will  be 
greatly  missed  by  his  family,  his  friends,  and  associates. 

Mr.  McMullen  was  a  member  of  the  Indiana  Engineering  Society, 
and  was  elected  an  Associate  Member  of  the  American  Society  of  Civil 
Engineers  on  November  3d,  1915. 


JAMES  MADISON  WARNER,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  March  5tit,  1916. 


James  Madison  Warner,  a  son  of  the  late  William  H.  Warner, 
was  born  at  Syracuse,  N.  Y.,  on  August  4th,  1882.  He  was  educated 
in  the  public  schools  of  that  city,  and  was  graduated  from  the  High 
School.  In  1902,  he  entered  the  University  of  Illinois  from  which  he 
was  graduated  in  June,  1908,  with  the  degree  of  B.  S.  in  Civil 
Engineering. 

Prior  to  entering  college  and  during  his  summer  vacations,  Mr. 
Warner  had  been  employed  by  the  Chicago  and  Western  Indiana  Kail- 
road  Company  as  Chainman.  Rodman,  and  Instrumentman  on  the 
work  of  track  elevation  into  Chicago,  111. 

In  1908,  he  accepted  a  position  as  Instrumentman  with  the  Grand 
Trunk  Pacific  Railroad  Company,  in  connection  with  the  grading  and 
alignment  of  about  30  miles  of  track  from  Winnipeg,  Man.,  west,  and 
in  1909,  he  was  engaged  in  the  same  capacity  on  track  revision  and 
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grade  alignment  for  the  Chicago  and  Northwestern  Eailroad  Com- 
pany, at  La  Crosse,  Wis. 

Later  in  the  same  year,  Mr.  Warner  went  to  Oralo,  Tex.,  as  Eesi- 
dent  Engineer  on  17  miles  of  construction  on  the  Pecos  and  Northern 
Texas  Railroad,  a  branch  of  the  Santa  Fe  System.  On  the  completion 
of  this  work  in  1910,  he  was  transferred  to  Sweetwater,  Tex.,  where  he 
had  charge  of  the  construction  of  13  miles  of  heavy  construction,  large 
yards,  a  600-ft.  dam,  etc. 

In  1912,  he  abandoned  railroad  engineering  and  returned  to  Syra- 
cuse, N.  Y.,  as  Chief  Engineer  of  the  Onondaga  Litholite  Company, 
of  which  his  brother,  Mr.  Henry  P.  Warner,  is  President.  In  addition 
to  his  duties  as  Chief  Engineer,  Mr.  Warner  became  prominently  iden- 
tified with  the  general  management  of  the  business  until  March,  1915, 
when  he  was  stricken  with  appendicitis.  An  operation  followed,  but 
complications  developed  which  caused  his  death  on  March  5th,  1916, 
at  the  Syracuse  Hospital  for  Women  and  Children. 

While  at  college  Mr.  Warner  had  been  prominent  in  student 
aifairs,  and  was  regarded  as  one  of  the  most  popular  members  of  the 
undergraduate  body.  In  his  professional  and  business  career,  he  had 
developed  those  qualities  which  insure  success,  and,  despite  his  com- 
parative youth,  he  had  already  won  for  himself  a  leading  place  in  the 
industrial  activities  of  Syracuse.  His  manly  qualities  of  mind  and 
heart  had  won  for  him  many  friends,  and  his  death  was  a  severe  loss 
to  them  and  to  his  family.  Mr.  Warner  is  survived  by  two  brothers, 
Mr.  Henry  P.  Warner,  of  Syracuse,  N.  Y.,  and  Mr.  Robert  K.  Warner, 
of  Ouray,  Colo.,  and  by  two  sisters,  Mrs.  Henry  K.  Chadwick  and  Mrs. 
George  A.  Hanford,  of  Syracuse,  N.  Y. 

He  was  a  member  of  the  Delta  Tau  Delta  Fraternity,  University  of 
Illinois  Chapter,  the  Citizens,  Onondago  Golf  and  Country,  and  the 
University  Clubs,  of  Syracuse,  N.  Y.,  and  Champaign  Lodge,  B.  P.  O.  E. 

Mr.  Warner  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  April  6th,  1909,  and  an  Associate  Member  on  December 
3d,  1913. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 

October  i8th,  1916. — The  meeting  was  called  to  order  at  8.30  p.  m.; 
Director  Arthur  S.  Tuttle  in  the  chair ;  Chas.  Warren  Hunt,  Secretary ; 
and  present,  also,  114  members  and  12  guests. 

A  paper  by  J.  B.  Lippincott,  M.  Am.  See.  C.  E.,  entitled  "A  Method 
of  Determining  a  Reasonable  Service  Rate  for  Municipally  Owned 
Public  Utilities",  was  presented  by  the  Secretary  and  discussed  by 
Messrs.  T.  Kennard  Thomson,  W.  B.  Yereanee,  and  J.  S.  Branne. 

The  Secretary  described  the  condition  of  the  work  of  preparing  the 
United  Engineering  Building  for  occupation  by  the  Society,  and 
matters  in  connection  therewith  were  discussed  informally  by  several 
members. 


694  MINUTES    OF    MEETINGS  [  Society  Affairs. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  October  10th,  1916 : 

As  Members 

Curtis  Marion  Canady,  Ambridge,  Pa. 

William  Carey  Coffin,  Pittsburgh,  Pa. 

Charles  James  Crowley,  New  York  City 

Frederic  Leslie  Dudley,  Ambridge,  Pa. 

Hugh  Robert  Edwards,  San  Francisco,  Cal. 

Frederick  Arthur  Gaby,  Toronto,  Ont.,  Canada 

Winfred  Dean  Gerber,  Chicago,  111. 

Ralph  Dickinson  Goodrich,  Ypsilanti,  Mich. 

Nicholas  Snowden  Hill,  Jr.,  New  York  City 

Robert  Wentworth  Macintyre,  Victoria,  B.  C,  Canada 

William  Gouverneur  Ramsay,  Wilmington,  Del. 

Carl  William  Simpson,  Norfolk,  Va. 

George  Francis  Sparhawk,  Beaver,  Pa. 

Charles  Albert  Loring  Wright,  Springfield,  Mass. 

As  Associate  Members 

Edward  Morris  Burd,  Jackson,  Mich. 

James  Cerny,  Chicago,  111. 

Stanley  Demalayne  Cowden,  San  Luis  Obispo,  Cal. 

Norman  George  Degnon,  New  York  City 

Frank  Belasco  deLara,  Batavia,  Java 

Otto  Elis  Eckert,  Saginaw,  Mich. 

James  Harry  Elder,  Ambridge,  Pa. 

Leon  Fleischmann,  New  York  City 

Norman  Foster,  Darby,  Pa. 

Daniel  Edmund  Gelwix,  Springfield,  Mo. 

Theodore  Oilman  Griggs,  Chatham,  N.  J. 

Claude  Irving  Grimm,  Cincinnati,  Ohio 

Samuel  Alexander  Hart,  Manteca,  Cal. 

Estill  Samuel  Heyser,  Dallas,  Tex. 

Grant  Huntley,  Schenectady,  N.  Y. 

Elmer  Acred  Jacob,  Lynndyl,  Utah 

Tobias  Dillon  Kilkenny,  Vallejo,  Cal. 

Elmour  Fitch  Kirtland,  Beaver,  Pa. 

Julius  Lasker,  Washington,  D.  C. 

RoLLiN  Fay  MacDowell,  Cleveland,  Ohio 

George  Everett  McNayr,  Hanover  Center,  Mass. 

Prentice  Burdette  Merwin,  Quebec,  Que.,  Canada 

Bradley  Revere  Metcalf,  Sherman,  Cal. 

Bennett  Taylor  Mial,  Philadelphia,  Pa. 

Daniel  Chambers  Miller,  College  Station,  Tex. 
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Earl  Bliss  Morgan,  Worcester,  Mass. 

Frank  Amende  Muth,  New  Orleans,  La. 

Allen  Eugene  Nichols,  Chicago,  111. 

Ray  Rolph  Palmer,  Denver,  Colo. 

James  Roy  Pennell,  Fort  Bliss,  Tex. 

John  James  Garfield  Pitney,  Ambridge,  Pa. 

Steuart  Purcell,  Baltimore,  Md. 

Edward  John  Ruff,  Sewickley,  Pa. 

David  McDougald  Shearer,  Vicksburg,  Miss. 

Joseph  Warder  Small,  Jr.,  Ambridge,  Pa. 

WiLLiAist  Tyler  Snodgrass,  Washington,  D.  C. 

Fred  Tarrant,  Springfield,  111. 

David  Ogle  Thomas,  Belleville,  111. 

Edward  Boyington  Tourtellot,  Elkader,  Iowa 

William  Somers  Wicker,  East  Liverpool,  Ohio 

As  Associate 
Harold  Hansard  Robertson,  Pittsburgh,  Pa. 

As  Juniors 

James  Hyde  Forbes,  San  Francisco,  Cal. 
Walter  Berton  Grigsby,  Youngstown,  Ohio 
Herman  Dietrich  Gunther,  New  York  City 
William  Louis  Havens,  Ithaca,  N.  Y. 
Attilio  Felix  Lipari,  New  York  City 
Richard  Jeter  Palmer,  Jr.,  Norfolk,  Va. 
Harlowe  McVicker  Stafford,  Buck  Meadows,  Cal. 
Albert  Wylford  Swartz,  Everett,  Wash. 
Henry  Frieze  Yaughan,  Detroit,  Mich. 
Philip  Joseph  Walsh,  Charleston,  W.  Va. 
Albert  Ellery  Wardwell,  Detroit,  Mich. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  October  10th,  1916 : 

;  From  Associate  Member  to  Member 

Max  Lee  Cunningham,  Oklahoma,  Okla. 
William  Peyton  Day,  San  Francisco,  Cal. 
Jacques  Andre  Fouilhoux,  Portland,  Ore. 
Laurence  Timmerman  Gaylord,  New  York  City 
Joseph  Goodman,  New  York  City 
Paul  McGeehan,  Kansas  City,  Mo. 
Harold  Tapley  Pease,  Deer  Park,  Wash. 
Benson  Bulkeley  Priest,  New  York  City 
Grover  Cleveland  Pruett,  Miles  City,  Mont. 
Avalon  Graves  Robertson,  Bocas  del  Toro,  Panama 
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John  Truesdale  Stewart,  St.  Paul,  Minn. 

William  Wolcott  Tefft,  Jackson,  Mich. 

Andrew  Perry  Wenzell,  Detroit,  Mich. 

JuDSON  Eay  West,  Seattle,  Wash. 

Robert  Culin  White,  Little  Rock,  Ark. 

Alfred  Marshall  Wyman,  Long  Island  City,  N.  Y. 

From  Junior  to  Associate  Member 
Prank  Stork  Altman,  Atchison,  Kans. 
Frank  Louis  Beal,  Stamps,  Ark. 
William  Arthur  Burton,  Mt.  Pleasant,  Tex. 
Frank  Dominic  Cefalu,  Burrwood,  La. 
Herbert  Bismarck  Foster,  Berkeley,  Cal. 
Henry  Charles  Frisbie,  Cornell,  Wis. 
Leonard  Louis  Hoiil,  Sausalito,  Cal. 
Bennett  Kaminsky,  Indianapolis,  Ind. 

Harootun  Hovhannes  Khachadoorian,  Halifax,  N.  S.,  Canada 
John  Aspin  Kienle,  New  York  City 
William  Morton  Kinney,  Chicago,  111. 
Joseph  Mastella  Le  Grand,  Copper  Cliff,  Ont.,  Canada 
Robert  Aldridge  Nowlin,  Elkhorn,  W.  Ya. 
Stephen  Eugene  Page,  Dallas,  Tex. 
Karl  Lewis  Ponzer,  Sheridan,  Ark. 
Ervin  Beecher  Stevenson,  Albany,  N.  Y. 
Walter  Gottfrid  Stromquist,  Cincinnati,  Ohio 
Adolph  Teichert,  Jr.,  Sacramento,  Cal. 
Franklin  Thomas,  Pasadena,  Cal. 
Allan  Littell  Trimpi,  East  Orange,  N".  J. 
Roy  Elsen  Ward,  Pittsburgh,  Pa. 

The  Secretary  announced  the  following  deaths: 

YiRGiL  Gay  Bogue  {Director),  of  New  York  City,  elected  Member, 
September  15th,  1869 ;  died  October  14th,  1916. 

Frank  Edson  Shedd,  of  Boston,  Mass.,  elected  Member,  February 
6th,  1907;  died  September  23d,  1916. 

Augustus  Waterous  Agnew,  of  Victoria,  B.  C,  Canada,  elected 
Associate  Member,  July  2d,  1913;  died  September  17th,  1916. 

Lester  Lyman  Coleman,  of  Maricopa,  Cal.,  elected  Junior,  May 
31st,  1910;  Associate  Member,  April  1st,  1914;  died  August  11th,  1916. 

Adjourned. 

November  ist,  1916. — The  meeting  was  called  to  order  at  8.30  P.  M. ; 
Vice-President  Alfred  Craven  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  142  members  and  14  guests. 

The  minutes  of  the  meetings  of  September  20th  and  October  4th, 
1916,  were  approved  as  printed  in  Proceedings  for  October,  1916. 
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A  paper  by  F.  H.  Peters,  Assoc.  M.  Am,  Soc.  C.  E.,  entitled  "A 
Complete  Method  for  the  Classification  of  Irrigable  Lands",  was  pre- 
sented by  the  Secretary. 

An  informal  discussion  on  the  subject  of  "City  Planning"  was 
(Opened  by  N.  P.  Lewis,  M.  Am.  Soc.  C.  E.,  and  illustrated  with  lantern 
slides.  The  subject  was  discussed  by  Messrs.  T.  Kennard  Thomson, 
W.  F.  Reeves,  E.  J.  Mehren,  Robert  Ridgway,  Hugh  A.  Kelly,  and 
W.  J.  Boucher, 

The  Secretary  announced  the  following  deaths: 

John  Waldo  Ellis,  of  Woonsocket,  R.  I.,  elected  Member,  July  3d, 
1895 ;  died  October  29th,  1916. 

Theodore  Newel  Ely,  of  Bryn  Mawr,  Pa.,  elected  Member,  March 
2d,  1881 ;  died  October  28th,  1916. 

Charles  Wilcox  Hotchkiss,  of  New  York  City,  elected  Member, 
January  5th,  1898 ;  died  October,  1916. 

Leonard  W.  Rundlett,  of  St,  Paul,  Minn,,  elected  Member,  Sep- 
tember 5th,  1883 ;  died  October  15th,  1916. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION 
(Abstract) 

October  loth,  1916. — The  Board  met  at  10.05  a.  m.;  President 
Herschel  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and  present, 
also,  Messrs.  Bontecou,  Bush,  Coleman,  Cooley,  Crocker,  Davies, 
Endicott,  Fuller,  Hawley,  Humphreys,  Keefer,  Khuen,  McDonald, 
Marx,  Montfort,  Randolph,  and  Tuttle. 

The  appointment  of  Messrs,  George  A.  Harwood,  J.  V.  Davies, 
A.  D,  Flinn,  Lewis  D.  Rights,  and  Chas.  Warren  Hunt,  as  representa- 
tives of  this  Society  on  the  Library  Board  of  the  United  Engineering 
Society  was  announced. 

The  receipt  of  $2  500  from  the  Cambria  Steel  Company,  to  be  ap- 
plied to  the  expenses  of  the  Joint  Special  Committee  of  this  Society 
and  of  the  American  Railway  Engineering  Association  on  Stresses  in 
Railroad  Track,  was  announced.  Also  that  previously  $2  500  had  been 
received  from  the  Bethlehem  Steel  Company  for  this  same  purpose. 

A  new  form  of  application  for  admission  to  the  Society  was  adopted. 

A  Report  of  a  Committee  on  the  adoption  of  a  regular  sequence  for 
the  holding  of  the  Annual  Conventions  of  the  Society  in  the  several 
Districts  in  turn,  was  received,  and  its  recommendations  were  adopted.* 

The  Report  of  the  Nominating  Committee  was  presented;  also  a 
letter  from  the  nominee  for  the  office  of  President  in  which  he  declined 
the  nomination. 

George  H.  Pegram,  M.  Am.  Soc.  C.  E.,  was  selected  (in  accordance 
with  Article  VII,  Section  3,  of  the  Constitution),  by  the  unanimous 
•  See  page  699  for  details  of  the  plan  adopted. 
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vote  of  the  nineteen  members  of  the  Board  present,  to  complete  the 
list  forwarded  by   the  Nominating  Committee. 

A  report  was  received  from  the  Secretary  as  to  the  present  condi- 
tion of  all  matters  relating  to  the  movement  of  Society  Headquarters, 
and  authority  was  given  to  the  representatives  of  this  Society  on  the 
United  Engineering  Society  Board  to  arrange  to  take  over,  when  ready, 
the  entire  new  fifteenth  floor  and  one-half  of  the  new  sixteenth  floor 
of  the  Thirty-ninth  Street  Building  for  the  use  of  this  Society. 

The  officers  of  the  Society  were  authorized  to  take  the  necessary 
steps  to  mortgage  the  property  of  the  Society  in  order  to  provide  the 
necessary  funds  for  the  enlargement  of  the  Building  on  Thirty-ninth 
Street. 

The  appointment  by  the  President  of  Gen.  William  H.  Bixby, 
M.  Am.  Soc.  C.  E.,  to  represent  this  Society  in  a  conference  with  a 
Committee  of  the  National  Academy  of  Sciences  was  announced. 

Messrs.  G.  J.  Fiebeger,  William  Cain,  and  W.  K.  Barnard,  were 
appointed  a  Committee  to  Recommend  the  Award  of  Prizes. 

President  Herschel  was  authorized  to  appoint  a  Committee  of  three, 
of  which  he  shall  be  Chairman,  to  represent  this  Society  at  any  con- 
ference in  Washington  on  Water  Power  Development. 

The  Constitution  of  the  Detroit  Association  of  Members,  was 
approved. 

Special  meetings  of  the  Society  were  authorized  for  the  morning 
and  afternoon  of  Friday,  January  19th,  1917,  for  the  purpose  of  dis- 
cussing the  forthcoming  Report  of  the  Special  Committee  on  Materials 
for  Road  Construction. 

The  President  was  authorized  to  appoint  three  representatives  from 
this  Society  to  meet  with  a  similar  representation  from  the  Electrical, 
Mechanical,  Mining,  and  Testing  Materials  Societies,  to  consider  and 
report  back  to  their  respective  governing  bodies,  on  Ways  and  Means 
of  Bringing  about  Co-operation  in  American  Engineering  Standards. 

President  Clemens  Herschel  was  appointed  a  member  of  the  John 
Fritz  Medal  Board  of  Award  to  fill  the  vacancy  which  will  be  caused 
by  the  expiration  of  the  term  of  Past-President  John  A.  Ockerson  on 
January  19th,  1917. 

The  resignations  of  1  Member  and  2  Associate  Members  were 
accepted. 

Ballots  for  Membership  were  canvassed,  resulting  in  the  election  of 
14  Members,  40  Associate  Members,  1  Associate,  and  11  Juniors,  and 
the  transfer  of  21  Juniors  to  the  grade  of  Associate  Member. 

Sixteen  Associate  Members  were  transferred  to  the  grade  of 
Member. 

Applications  were  considered  and  other  routine  business  transacted. 

Adjourned. 
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SOCIETY  ITEMS  OF  INTEREST 
Sequence  of  Annual  Conventions 

The  Board  of  Direction,  at  its  meeting  of  October  10th,  1916,  con- 
sidered and  adopted  a  "method  by  which  the  Annual  Convention  would 
move  automatically  from  one  district  to  another  in  such  sequence  as 
would  insure  that  all  parts  of  the  country  are  brought  into  closer 
touch  with  the  Society's  work". 

An  analysis  was  made  of  the  record  of  the  places  where  Conventions 
have  been  held  in  the  past,  in  order  to  decide  on  a  proper  rotation 
of  Districts  for  future  Conventions.  It  was  also  noted  that  in  ten  of 
the  Districts  from  one  to  three  Local  Associations  have  been  formed. 

It  is  assumed  that  the  Local  Association,  or  Associations,  in  each 
District,  acting  in  conjunction  with  the  membership  in  that  District, 
and  with  its  representative  on  the  Board  of  Direction,  will  have  no 
difficulty  in  selecting  a  place  within  the  limits  of  that  District. 

This  will  insure  continued  active  interest  in  the  Society  on  the 
part  of  the  membership  in  each  District. 

The  rotation  of  Districts  in  which  Conventions  shall  be  held  was 
adopted  as  follows: 

In    1917      District   No.      7 

1918  "     "   11 

1919  "     "   2 

1920  "     "   12 

1921  "     "   5 

1922  "     "   10 

1923  "     "   6 

1924  "     "   9 

1925  "     "   3 

1926  "     "   8 

1927  "    "   13 

1928  "     "   4 

A  suggestion  that  a  second  meeting  be  held,  outside  of  New  York 
City,  was  also  considered. 

The  Board  is  of  the  opinion  that,  if  such  a  meeting  could  be  given 
a  distinctly  technical  character,  and  be  designated  as  one  of  the 
Business  Meetings  provided  for  by  Art.  VIII,  Sec.  3,  of  the  Constitu- 
tion, it  would  result  in  centering  activity  in  each  District  at  least  once 
in  6  years,  instead  of  12,  as  would  otherwise  be  the  case;  that  to 
carry  out  such  a  plan  would  not  have  a  prejudicial  effect  on  the 
attendance  at  the  Convention;  and,  if  the  preparation  of  an  additional 
programme  for  social  and  other  activities  were  not  regarded  as  in 
any  way  obligatory,  no  additional  burden  would  be  placed  on  the 
membership  in  any  District. 

The  Board,  therefore,  decided  that  the  option  of  assuming  responsi- 
bility for  a  second  meeting  in  any  year  shall  be  offered  to  each  District 
in  turn,  with  the  understanding  that  it  can  be  accepted  or  declined. 
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The  rotation  adopted  is  in  the  same  order  as  for  the  Conventions, 
but  beginning  with  District  No.  5. 

For  these  optional  semi-yearly  meetings,  the  order,  therefore,  is: 


In 

1917 

District  No. 

5 

1918 

10 

1919 

6 

1920 

9 

1921 

3 

1922 

8 

1923 

(      a  ' 

13 

1924 

4 

1925 

7 

1926 

11 

1927 

2 

1928 

12 

It  is  expected  that,  in  arranging  for  these  two  meetings  outside 
of  New  York  City,  the  time  shall  be  selected  for  spring  and  fall, 
with  reference,  in  each  case,  to  the  climatic  conditions  of  the  place 
selected. 

Following  this  action  of  the  Board  of  Direction,  the  Annual  Con- 
vention of  1917  will  be  held  in  District  No.  7,  comprising  Michigan, 
Wisconsin,  Minnesota,  Iowa,  Ontario,  and  Manitoba. 

The  second  meeting,  if  desired  by  District  No.  5,  will  be  held  in 
that  District,  which  comprises  Virginia,  North  and  South  Carolina, 
Georgia,  Florida,  and  the  District  of  Columbia. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M,  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

December  6th,  1916. — 8.30  P.  M.— A  regular  business  meeting  will 
be  held.  No  paper  has  been  set  down  for  presentation  at  this  meeting, 
but  the  resident  members  will  be  notified  regarding  the  subject  for  dis- 
cussion before  that  date. 

December  20th,  1916.— 8.30  P.  M.— At  this  meeting  a  paper  by 
L.  P.  Jerrard,  Jun.  Am.  Soc.  C.  E.,  entitled  "The  Valuation  of  Land", 
will  be  presented  for  discussion. 

Tliis  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  MEETING 

The  Sixty-fourth  Annual  Meeting  will  be  held  at  the  Society 
House,  on  Wednesday  and  Thursday,  January  17th  and  18th,  1917. 
The  Business  Meeting  will  be  called  to  order  at  10  o'clock  on  Wednes- 
day morning.  The  Annual  Reports  will  be  presented.  Officers  for  the 
ensuing  year  elected,  members  of  the  Nominating  Committee  ap- 
pointed. Reports  of  Special  Committees  presented  for  discussion,  and 
other  business  transacted. 

SPECIAL  MEETINGS 

Meetings  for  the  discussion  of  the  Progress  Report  of  the  Special 
Committee  on  Materials  for  Road  Construction,  will  be  held  at 
10  A.  M.  and  2  p.  M.  on  Friday,  January  19th,  1917  (the  day  following 
the  close  of  the  Annual  Meeting  of  the  Society). 

SEARCHES  IN  THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generaly  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 
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In  asking  that  snch  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search   through   periodical   literature,   is   desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures  in  the  text,  which  would  be  very  expensive  to  reproduce  by 
hand. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN   SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

President,  H.  L.  Haehl;  Secretary,  E.  T.  Thurston,  57  Post  Street, 
San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.     The  former  are  held  at  6  p.  M.,  at  the 
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Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
and  October,  and  the  third  Friday  of  December,  the  last  being  the 
Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  svich  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association,  Organized  1908. 

President,  Thomas  W.  Jaycox;  Secretary-Treasurer,  L.  R.  Hinman, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weeklj^  luncheons  are  held  on  Wednesdays  at  12.30  p.  M.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association,  Organized  1912. 

President,  Paul  H.  Norcross;  Secretary-Treasurer,  Thomas  P. 
Branch,  Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

President,  H.  D.  Bush;  Secretary-Treasurer,  Charles  J.  Tilden, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

President,  Robert  Hoffmann;  Secretary-Treasurer,  George  H. 
Tinker,  Hickox  Building,  Cleveland,  Ohio. 

Detroit  Association,  Organized  1916. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

President,  A.  P.  Davis;  Secretary-Treasurer,  John  C.  Hoyt,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Illinois  Association,  Organized  1916. 

President,  Onward  Bates ;  Secretary-Treasurer,  E.  N.  Layfield, 
4251  Vincennes  Avenue,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
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Annual  Meeting.     The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Louisiana  Association,  Organized  1914. 

President,  W.  B.  Gregory;  Secretary,  Charles  W.  Okey,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

(Abstract  of  Minutes  of  Meetings) 

July  22d,  19 1 6. — The  meeting  was  called  to  order  at  8  p.  m.,  at  The 
Cabildo;  President  W.  B.  Gregory  in  the  chair;  Charles  W.  Okey, 
Secretary;  and  present,  also,  8  members. 

The  resignation  of  Mr.  E.  H.  Coleman  as  Secretary  was  read,  and, 
on  motion,  duly  seconded,  was  accepted. 

Mr.  Charles  W.  Okey  was  nominated  as  Secretary  and,  no  other 
nominations  being  made,  was  declared  elected. 

On  motion,  duly  seconded,  it  was  decided  to  appoint  a  committee 
to  select  from  the  Proceedings  of  the  Society,  or  from  other  publica- 
tions, some  paper  for  discussion  at  the  following  meeting  and  at  future 
meetings.  The  Secretary  was  instructed  to  confer  with  the  Secretary 
of  the  Local  Chapter  of  the  American  Society  of  Mechanical  Engi- 
neers, with  reference  to  selecting  a  paper  for  discussion  at  the  joint 
meeting  of  the  Associations  to  be  held  on  October  2d,  1916. 

The  President  made  a  brief  report  of  the  Annual  Convention  of  the 
Society  held  at  Pittsburgh,  Pa.,  on  June  27th-30th,  1916. 

On  motion,  duly  seconded,  it  was  decided  to  pay  $100,  on  October 
1st,  1916,  into  the  Library  Fund  of  the  Louisiana  Engineering  Society, 
the  vote  standing  19  for  and  3  against  the  donation. 

Adjourned. 

October  2d,  1016. — The  joint  meeting  of  the  Association  and  the 
Local  Chapter  of  the  American  Society  of  Mechanical  Engineers,  was 
called  to  order  at  The  Cabildo ;  W.  B.  Gregory,  President  of  both  or- 
ganizations, in  the  chair;  Messrs.  Charles  W.  Okey  and  H.  L.  Hutson, 
Secretaries;  and  present,  also,  members  and  guests. 

Owing  to  the  fact  that  this  was  a  joint  meeting,  business  matters 
were  dispensed  with,  and  discussion  on  a  paper  by  Mr.  G.  C.  N'oble, 
of  San  Francisco,  Cal.,  entitled  "A  Large  Reclamation  Pumping 
Plant",  which  was  published  in  the  Journal  of  the  American  Society 
of  Mechanical  Engineers  for  May,  1916,  was  opened  by  Mr.  Gregory. 
The  subject  was  further  discussed  by  Messrs.  H.  L.  Hutson,  A.  M. 
Shaw,  A.  T.  Dusenbury,  and  Charles  W.  Okey. 

Adjourned. 

Northwestern  Association,  Organized  1914. 

President,  W.  L.  Darling;  Secretary,  Ralph  D.  Thomas,  Minne- 
apolis, Minn. 

Philadelphia  Association,  Organized   1913. 

President,  Samuel  T.  Wagner;  Secretary,  C.  W.  Thorn,  1313  South 
Broad  Street,  Philadelphia,  Pa. 


KoviMiibiT.  IDlO.l  ANNOUNCEMENTS  705 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

(Abstract  of  Minutes  of  Meeting) 

October  2d,  1916.— The  Annual  Meeting  was  called  to  order  at 
8.15  P.  M.,  at  the  Engineers'  Club  of  Philadelphia;  President  Edward 
B.  Temple  in  the  chair;  W.  L.  Stevenson,  Secretary;  and  present,  also, 
50  members  and  guests. 

Messrs.  Percival  M.  Sax,  James  F.  Cullen,  and  Charles  Frommer 
were  appointed  Tellers  to  canvass  the  ballots  for  ofiicers. 

The  Secretary  read  the  following  resolution  adopted  by  the  Board 
of  Direction : 

"The  Board  of  Direction  recommends  that  Article  II,  Section  1,  of 
the  Constitution,  be  amended  to  read : 

"  'Section  1.  The  membership  of  this  Association  shall  be  restricted 
to  Members  (Corporate  Members,  Associates  and  Juniors)  of  the 
American  Society  of  Civil  Engineers  resident  in  the  Fourth  District, 
exclusive  of  the  State  of  Maryland.  Each  member  of  the  Society 
resident  within  the  limits  above  defined  shall  become  a  member  of  this 
Association  by  so  declaring  himself  in  writing  to  the  Secretary.' 

"The  Board  further  recommends  that  this  amendment  be  submitted 
to  the  Board  of  Direction  of  the  Society  and,  if  approved,  that  it  be 
submitted  to  the  Association  for  adoption  by  letter  ballot." 

On  motion,  duly  seconded,  the  meeting  approved  the  resolution  of 
the  Board  of  Direction. 

The  President  announced  that  Col.  George  A.  Zinn,  Corps  of 
Engrs.,  U.  S.  A.,  having  been  ordered  to  report  for  active  field  duty 
on  the  Mexican  border,  had  tendered  his  resignation  as  a  member  and 
as  a  Director  of  the  Association.  He  stated  that  the  Board  of  Direc- 
tion, having  accepted  with  deep  regret  Col.  Zinn's  resignation  as  a 
Director  to  take  effect  on  October  2d,  1916,  had  requested  him  to 
retain  his  membership  in  the  Association. 

President  Temple  also  announced  that  Mr.  W.  L.  Stevenson  had 
been  elected  by  the  Board  to  fill  Col.  Zinn's  unexpired  term  as  Director 
until  1917. 

F.  Herbert  Snow,  M.  Am.  Soc.  C.  E.,  presented  a  paper  entitled 
"Engineering — State,  Municipal,  and  Corporate — Involved  in  the  Ad- 
ministration of  the  Pennsylvania  Public  Service  Company  Law",  and 
the  subject  was  discussed  by  Messrs.  Ledoux,  Fisher,  Marburg,  Webster, 
and  Wagner. 

On  motion,  duly  seconded,  a  vote  of  thanks  was  tendered  Mr.  Snow. 

The  Tellers  appointed  to  canvass  the  ballots  for  ofiicers,  reported 
the  following  elections:  President,  Samuel  T.  Wagner;  Vice-President, 
Edgar  Marburg;  Directors,  Harrison  Souder,  Frederick  E.  Schall; 
and  Secretary,  C.  W.  Thorn. 

Mr.  Wagner  was  installed  as  President  and  made  a  short  address. 

Adjourned. 

Portland,  Ore.,  Association,  Organized  1913. 

President,  J.  P.  Newell;  Secretary,  J.  A.  Currey,  194  North  13th 
Street,  Portland,  Ore. 
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St.  Louis  Association,  Organized  1914. 

President,  J.  A.  Ockerson;  Secretary-Treasurer,  Gurdon  G.  Black, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

San  Diego  Association,  Organized  1915. 

President,  N.  B.  Kellogg;  Secretary-Treasurer,  J.  R.  Comly,  4105 
Falcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized  1913. 

President,  A.  O.  Powell;  Secretary-Treasurer,  Carl  H.  Reeves, 
444  Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  m.,  on 
the  last  Monday  of  each  month,  at  The  Arctic  Club. 

(Abstract  of  Minutes  of  Meeting) 

September  25th.  1016. — The  meeting  was  called  to  order  at  12.15 
P.  M.,  at  The  Arctic  Club;  President  A.  O.  Powell  in  the  chair;  Carl 
H.  Reeves,  Secretary;  and  present,  also,  24  members  and  guests. 

The  minutes  of  the  meeting  of  August  28th,  1916,  were  read  and 
approved. 

A  letter  from  the  Secretary  of  the  National  Conference  on  City 
Planning  was  read,  asking  for  recommendations  as  to  the  place  for 
the  next  meeting  and  whether  or  not  a  representative  from  the  Associa- 
tion would  be  sent  to  that  meeting.  On  motion,  duly  seconded,  Kansas 
City  was  endorsed  as  the  best  location  for  the  next  meeting  of  the  Con- 
ference and  the  Secretary  was  instructed  to  advise  the  Secretary  of  the 
Conference  that  delegates  to  the  meeting  would  be  appointed  if 
available. 

The  report  of  the  Water  Code  Conference  Committee  was  presented 
with  recommendation  in  regard  to  certain  changes  in  the  bill  as  drawn. 
The  report  was  discussed  by  Messrs.  Gray,  Howes,  Lundgren,  Fuller, 
and  Powell,  and  on  motion,  duly  seconded,  a  copy  was  ordered  sent  to 
each  member  of  the  Association  and  the  report  presented  for  discussion 
at  the  next  meeting. 

Adjourned. 

Southern  California  Association,  Organized  1914. 

President.  William  Mulholland;  Secretary,  W.  K.  Barnard,  1105 
Central  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  June,  Augustj  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 
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The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

October  nth,  iqi6. — The  meeting  was  called  to  order  at  the  Hotel 
Clark;  Vice-President  Harry  Hawgood  in  the  chair;  W.  K.  Barnard, 
Secretary;  and  present,  also,  35  members  and  guests. 

The  minutes  of  the  meeting  of  July  12th,  1916,  were  read  and  ap- 
proved, and  reports  of  regular  and  special  committees  presented. 

The  subject  of  suggestions  to  be  made  by  members  of  the  Associa- 
tion relative  to  a  member  of  the  Nominating  Committee  of  the  Society 
from  this  District,  was  discussed,  and,  on  motion,  duly  seconded,  it  was 
decided  that  the  Association  select  a  candidate  for  this  appointment,  and 
make  such  endeavors  toward  his  election  as  may  be  proper. 

The  names  of  Messrs.  Louis  C.  Hill  and  F.  H.  Olmsted  were  pre- 
sented, and,  after  further  discussion,  on  motion,  duly  seconded,  the 
Secretary  was  instructed  to  send  cards  to  all  members  of  the  Associa- 
tion notifying  them  that  it  was  the  sense  of  this  meeting  that  Mr.  Hill 
should  be  selected  for  this  appointment  on  the  Nominating  Committee 
of  the  Society'  from  this  District. 

On  motion,  duly  seconded,  the  suggestion  made  in  the  report  of  the 
Joint  Committee  on  Technical  Societies,  that  members  of  the  Asso- 
ciation join  with  members  of  other  local  technical  organizations  in 
weekly  midday  lunch,  with  a  view  to  fostering  a  spirit  of  co-operation 
between  the  members  of  such  organizations,  was  carried. 

A  letter  from  the  Philadelphia  Association  was  read  relative  to  the 
publication  of  papers  presented  before  the  Southern  California  Associa- 
tion in  the  Bulletin  of  the  Engineers'  Club  of  Philadelphia,  in  the 
event  that  such  papers  are  not  to  appear  in  the  Proceedings  of  the 
Society. 

Francis  L.  Sellew,  M.  Am.  Soc.  C.  E.,  addressed  the  meeting  on 
"The  Control  of  the  Colorado  River".  On  motion,  duly  seconded,  a 
vote  of  thanks  was  extended  to  Mr.  Sellew  for  his  interesting  paper. 

Philip  Asfordby  Beatty,  M.  Am.  Soc.  C.  E.,  a  guest  of  the  Associa- 
tion, addressed  the  meeting  on  his  experiences  during  an  overland  trip 
from  New  York  by  automobile. 

Adjourned. 
Spokane  Association,  Organized  1914. 

President,  E.  G.  Taber;  Secretary,  B.  J.  Garnett,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 
October   13th,    IQ16 — The  meeting  was  called  to  order  at  the  Uni- 
versity  Club;  Vice-President  Morton  Macartney  in  the  chair;  B.  J. 
Garnett,  Secretary;  and  present,  also,  5  members  and  guests. 
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The  meeting  was  devoted  to  an  informal  discussion  of  the  merits 
of  the  Commission  form  of  government  as  applied  to  Counties,  and  its 
eifect  on  the  office  of  County  Engineer. 

Adjourned. 

Texas  Association,  Organized  1913. 

President,  John  B.  Hawley;  Secretary,  J.  F.  Witts,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

President,  E.  C.  La  Rue;  Secretary-Treasurer,  H.  S.  Kleinschmidt, 
306  Dooley  Building,  Salt  Lake  City,  Utah. 

MINUTES  OF  MEETINGS  OF 

SPECIAL  COMMITTEES 

TO  REPORT  UPON  ENGINEERING  SUBJECTS 

Special  Committee  on  Steel  Columns  and  Struts 

October  2d,  1916. — The  meeting  was  called  to  order  at  8  p.  m.,  at 
the  House  of  the  Society.  Present,  George  H.  Pegram  (Chairman), 
C.  W.  Hudson,  Ralph  Modjeski,  George  F.  Swain,  J.  R.  Worcester,  and 
Lewis  D.  Rights  (Secretary).  Dr.  G.  R.  Olshausen,  Engineer-Physicist 
of  the  Bureau  of  Standards,  and  his  Assistant,  Professor  Nelson,  were 
also  present. 

The  minutes  of  the  meeting  of  June  23d,  1916,  were  approved  as 
written. 

For  the  Committee  on  Initial  Sets,  Dr.  Olshausen  reported  that  he 
had  made  a  number  of  specimen  tests,  both  in  compression  and  ten- 
sion, and  he  submitted  some  photostat  prints  of  stress-strain  diagrams. 
The  Committee  was  continued. 

On  motion,  the  Chairman  and  Secretary  were  requested  to  plot  the 
stress-strain  diagram  for  the  Progress  Report,  and  to  have  the  other 
stress-strain  diagrams  plotted  for  the  use  of  the  members  of  the 
Committee. 

Considerable  discussion  was  brought  out  on  the  subject  of  Safe 
Working  Values,  and  the  members  of  the  Committee  were  requested 
to  submit  a  referendum,  in  order  that  Mr.  Worcester  may  write  a  final 
discussion  on  that  subject.  On  motion,  the  question  was  continued 
until  a  later  meeting,  when  the  entire  session  is  to  be  devoted  to  this 
one  subject. 

The  Secretary  submitted  a  preliminary  draft  of  the  Progress  Report 
of  the  Committee,  the  general  features  of  which  were  approved.  Minor 
changes  were  suggested,  and  the  Secretary  was  requested  to  rewrite  the 
Report  so  that  it  could  be  passed  on  by  the  Committee  at  its  next 
meeting. 

On  motion,  the  Committee  adjourned  to  meet  at  the  call  of  the 
Chairman. 

Special  Committee  to  Investigate  Conditions  of  Employment  of, 
and  Compensation  of,  Civil  Engineers 

October  i6th,  1916. — The  meeting  was  called  to  order  at  the  House 
of  the  Society  at  10  a.  m.,  and  was  continued  in  the  afternoon  at  the 
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Engineers'  Club.  Present,  Nelson  P.  Lewis  (Chairman  and  Acting 
Secretary),  John  A.  Bensel,  S.  L.  F.  Deyo,  and  C.  F.  Loweth. 

It  was  agreed  that  the  Committee  should  submit  its  Final  Report 

at  the  Annual  Meeting  of  the  Society  to  be  held  on  January  17th, 

1917.     A  draft  of  the  report,  as  prepared  by  the  Chairman  and  mailed 

.  to  the  members  of  the  Committee,  was  discussed  in  detail  and  amended 

in  some  particulars. 

The  Chairman  was  requested  to  revise  further  some  of  the  para- 
graphs and  mail  the  revised  report  to  the  members  of  the  Committee. 

The  Committee  adjourned  subject  to  the  call  of  the  chair. 

Special  Committee  on  Materials  for  Road  Construction 

October  2ist,  1916. — The  meeting  was  called  to  order  at  10.30  A.  M., 
at  the  Society  House.  Present,  Nelson  P.  Lewis  (Chairman  pro  tern.), 
H.  K.  Bishop,  A.  W.  Dean,  Charles  J.  Tilden,  A.  H.  Blanchard  (Sec- 
retary), and  Clemens  Herschel,  President,  Am.  Soc.  C.  E. 

The  minutes  of  the  meeting  of  September  23d,  1916,  were  read  and 
approved. 

The  Secretary  read  a  communication  from  Charles  Warren  Hunt, 
Secretary  of  the  Society,  stating  that  the  Board  of  Direction  had 
granted  the  request  of  the  Committee  to  hold  Special  Road  Meetings 
of  the  Society  on  January  19th,  1917,  for  the  purpose  of  affording  op- 
portunity for  full  discussion  of  the  Committee's  1917  Report,  and  also 
that  the  Board  had  assented  to  the  printing  of  500  copies  of  that 
Report  for  distribution  among  non-members  of  the  Society,  in  order  to 
secure  a  thorough  discussion. 

On  motion,  duly  seconded,  the  Final  Reports  of  the  Sub-Committees 
on  Gravel  Roads,  Broken  Stone  Roads,  Broken  Stone  Roads  with 
Bituminous  Surfaces,  and  Bituminous  Macadam  Pavements,  with  cer- 
tain additions  thereto,  were  adopted. 

The  Secretary  read  a  communication  from  W.  W.  Crosby,  Chair- 
man of  the  Committee,  containing  comments  relative  to  the  Final 
Reports  of  the  Sub-Committees  mentioned  previously. 

On  motion,  the  Committee  adjourned  to  meet  at  9  a.  m.  on  Novem- 
ber 4th,  1916. 

Special  Committee  on  Valuation  of  Public  Utilities 

43d  to  48th  meetings.  Held  at  the  House  of  the  Society.  October 
23d-28th,  1916. 

Forty-third  meeting,  October  23d,  1916. 

First  Session. — 10  a.  m.  to  1  p.  m. — The  full  Committee  met. 
Present,  Frederic  P.  Steams  (Chairman),  Charles  S.  Churchill, 
William  G.  Raymond,  Henry  E.  Riggs,  Jonathan  P.  Snow,  William  J. 
Wilgus,  and  Leonard  Metcalf  (Secretary). 

President  Herschel,  member  of  the  Committee,  ex  officio,  joined  the 
Committee  to  note  its  method  of  working,  and  suggested  the  desirability 
of  alluding  to  the  unsettled  character  of  certain  phases  of  the  valua- 
tion problem,  in  presenting  its  report  to  the  Society. 

It  was  moved  that  a  "Preface"  be  prepared  for  the  report,  embody- 
ing the  matters  discussed.  The  morning  was  spent  in  discussing  the 
Glossary  and  Chapters  I  and  II  of  the  report. 
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Second  Session. — 2.15  P.  M.  to  6.45  p.  m. — The  full  Committee 
reconvened  and  spent  the  afternoon  in  discussing  Chapter  V  on  Re- 
production Cost. 

Third  Session. — 8  p.  m.  to  10  p.  m. — Discussion  of  the  Chapter  on 
Reproduction  Cost  was  resumed. 

Forty-fourth  meeting,  October  24th,  1916. 

First  Session. — 9  a.  m.  to  1  p.  m. — Present,  Messrs.  Stearns, 
Churchill,  Raymond,  Riggs,  Snow,  and  Metcalf.  The  morning  was 
spent  in  further  discussion  of  Chapter  V  on  Reproduction  Cost. 

Second  Session. — 2  p.  M.  to  6  p.  M. — Discussion  of  Chapter  V  on 
Reproduction  Cost — including  Treatment  of  Land  Holdings — was 
concluded. 

Third  Session. — 8  p.  M.  to  10.30  p.  m. — Present,  the  entire  Com- 
mittee. The  evening  was  spent  in  discussing  Chapter  VII  on  Develop- 
ment Expense. 

Forty-fifth  meeting,  October  25th,  1916. 

First  Session.— 9  a.  m.  to  1  p.  m. — Present,  the  full  Committee. 

Voted :  That  the  Glossary  be  transferred  from  the  beginning  to  the 
end  of  the  report. 

Voted:  That  a  brief  "Summary  of  Conclusions"  be  prepared  for 
insertion  after  the  Table  of  Contents. 

The  morning  was  spent  in  discussion  of  Chapters  VII  and  VIII  on 
Development  Expense  and  Going  Value. 

Second  Session. — 2  p.  m.  to  6.15  p.  m. — Present,  the  full  Com- 
mittee. The  discussion  on  Chapter  VIII  on  Going  Value  was  re- 
sumed, and  that  on  Chapter  VI,  Depreciation,  was  taken  up. 

Third  Session. — 8  p.  m.  to  10.15  p.  m. — Present,  the  full  Commit- 
tee. The  evening  was  spent  in  discussing  Chapter  VIII  on  Going 
Value. 

Forty-sixth  meeting,  October  26th,  1916. 

First  Session. — 9  a.  m.  to  1  p.  m. — Present,  the  full  Committee. 

Second  Session. — 2  p.  m.  to  5.15  p.  m. — Present,  the  full  Commit- 
tee, except  Mr.  Wilgus. 

Third  Session. — 8  p.  M.  to  10  p.  m. — Present,  the  full  Committee. 
The  entire  day  was  spent  in  discussion  of  Chapter  VI  on  Depreciation. 

Forty-seventh  meeting,  October  27th,  1916. 

First  Session. — 9  a.  m.  to  Noon. — Present,  the  entire  Committee, 
except  Mr.  Wilgus.  Discussion  on  Chapter  V  on  Reproduction  Cost 
resumed. 

Second  Session.^ — 2  p.  m.  to  6  p.  m. — Present,  all  members  of  the 
Committee,  except  Mr.  Snow.  The  discussion  on  Chapter  V  on  Repro- 
duction Cost  was  concluded. 

Voted:  That  the  corrections  agreed  to  in  Committee,  edited  as 
necessary  by  the  Secretary,  be  made  in  galley  proof,  and  that  there- 
after revised  galley  proof  be  sent  to  all  members  of  the  Committee  as 
soon  as  possible. 

Voted:  That  after  final  correction  has  been  made  on  the  galley 
proof,  the  report  may  be  printed  without  waiting  for  further  sugges- 
tions from  the  Committee  on  the  page  proof,  but  that  copies  of  the 
page  proof  be  sent  to  the  several  members  of  the  Committee  when  ready. 

After  conference  with  Secretary  Hunt,  it  was 
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Agreed :  That  the  report  of  the  Coinmittee  should  he  printed  in  the 
Uecemher  iss\ie  of  Proceedings,  and  thereafter  be  open  to  written  dis- 
cussion by  the  members  of  the  Society.  Should  the  Appendices, 
I.  Depreciation  Tables;  II.  Some  Examples  of  Expectation  of  Life  of 
So-called  Permanent  Structures;  III.  Data  upon  Overhead  Costs;  not 
be  ready  for  publication  with  the  report  in  the  December  Proceedings, 
they  will  be  printed  in  a  later  issue.  Although  they  are  of  significance 
and  convenience  to  the  valuing  engineer,  they  are  not  essential  to  the 
text  of  the  report. 

Third  Session. — 8  p.  m.  to  11  p.  M. — Present,  Messrs.  Stearns, 
Churchill,  Raymond.  Wilgus,  and  Metcalf.  The  evening  was  spent 
in  discussing  the  conditions  which  should  govern  the  estimate  of  repro- 
duction cost  of  a  public  utility  property. 

Forty-eighth  meeting,  October  28th,  1916. 

First  Session. — 9  A.  m.  to  1  p.  M. — Present,  Messrs.  Stearns, 
Churchill.  Raymond.  Riggs,  and  Metcalf.  The  morning  was  spent  in 
final  revision  of  Chapter  VI  on  Depreciation. 

Voted:  That  it  is  desirable  that  if  the  discussions  of  the  Commit- 
tee's report  require  a  closing  statement,  such  closing  statement  shall 
be  made  only  if  unanimous,  and  shall  then  come  from  the  Committee, 
rather  than  from  any  member  or  different  members  thereof,  to  the  end 
that  the  closure  may  have  the  weight  of  the  Committee's  viewpoint  and 
serve  as  an  amplification  of  the  report  itself. 

The  Committee  adjourned  at  noon,  leaving  its  Secretary  to  prepare, 
for  the  printer,  the  revision  of  galley  proof  discussed  by  the  Committee. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings: 

American  Institute  of  Electrical  Engineers,  33  West  Thirty-ninth 

Street,  New  York  City. 
American   Institute  of  Mining  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
Architekten-Verein   zu  Berlin,  Wilhelmstrasse  92,  Berlin  W.  66, 

Germany. 
Associasao   dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 
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Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit  Engineering  Society,  46  Grand  River  Avenue.  West. 
Detroit,  Mich. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  "West  Eager  Street,  Baltimore,  Md. 

Engineers'  Club  of  Kansas  City,  E.  B.  Murray,  Secretary,  920  Wal- 
nut Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Club  of  Trenton,  Trent  Theatre  Building,  12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  31  South  Front  Street, 
Harrisburg,  Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Build- 
ing, Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,  The  Minories,  Tower  Hill,  Lon- 
don, E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 
and  St.  Ann  Streets,  New  Orleans,  La. 

Memphis  Engineers'  Club,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  Ingenieur=  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 
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Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 

Pacific  Northwest  Society  of  Engineers,  312  Central  Building, 
Seattle,  "Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Architekten=Verein,  Dresden,  Ger- 
many. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Yestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Vermont  Society  of  Engineers,  George  A.  Reed,  Secretary,  Mont- 
pelier,  Vt. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chi- 
cago, 111. 
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ACCESSIONS    TO    THE    LIBRARY 

(From  October  4th  to  November  1st,  1916) 
DONATIONS* 

RAILWAY  ORGANIZATION  AND  MANAGEMENT. 

By  James  Peabody.  Cloth,  9x6  in.,  illus.,  7  +  263  pp.  Chicago, 
La  Salle  Extension  University,  1916. 

The  object  of  this  book,  the  preface  states,  is  to  summarize  the  organization  and 
management  of  representative  transportation  companies  of  the  United  States,  to 
illustrate  the  activities  of  the  various  departments  of  such  companies,  and  to  show 
their  relation  to  one  another  in  such  mcnner  as  to  malie  clear  to  student  and  layman, 
the  system  underlying  the  efficient  conduct  of  the  properties.  The  various  depart- 
ments, construction,  operation,  transportation,  accounting,  etc.,  etc.,  are  talien  up  in 
order,  and  the  work  of  each  and  the  methods  of  performing  such  work  are  discussed, 
but  as  the  book  is  one  of  a  series  dealing  with  interstate  commerce  and  railway 
traffic,  the  activities  of  the  traffic  department  are  given  more  space  than  the  others. 
A  number  of  charts  showing  the  relations  of  officials  to  each  other,  and  for  the 
reader's  guidance  through  the  complexities  of  organization,  are  also  included.  Clear 
and  concise  discussions  of  problems  of  all  kinds  to  be  considered  by  railroad  men, 
such  as  government  regulation,  valuation,  apprentices,  pensions,  reports,  statistics, 
advertising,  etc.,  etc.,  are  also  given,  making  this  work,  it  is  stated,  an  able  intro- 
duction to  the  business  of  railroading.  The  Contents  are  :  Introduction  ;  Supervision  ; 
Engineering  ;  Operation  :  The  Operating  Unit  ;  Conducting  Transportation  ;  Operation 
Maintenance  ;  Mechanical  Department ;  Types  of  Organization  ;  Traffic  Department : 
Sources  of  Revenue  ;  Examples  of  Freight  Traffic  Organization  ;  Passenger  Traffic ; 
Auxiliary  Departments  ;  Accounting  Department ;  Examples  of  Accounting  Organiza- 
tions ;   Miscellaneous  Departments ;   Examples  of  Typical  Organizations  ;   Index. 

HOW  TO  MAKE  LOW-PRESSURE  TRANSFORMERS. 

By  F.  E.  Austin.  Third  Edition,  with  Additions.  Cloth,  1i  x  4* 
in.,  illus.,  22  pp.     Hanover,  N.  H.,  The  Author,  1916.     40  cents. 

This  book,  it  is  stated,  contains  instructions  regarding  the  design,  construction, 
and  operation  of  small  transformers  for  experimental  purposes,  such  as  operating 
low-pressure  tungsten  lamps,  ringing  bells,  operating  small  direct-current  series 
motors  used  with  fans  or  small  electric  cars,  sparking  devices  for  gasolene  engines, 
arclights,  etc.  As  here  presented,  these  instructions  will  enable  any  one,  it  is  said, 
to  build  a  small  transformer,  at  a  small  cost,  without  the  use  of  expensive  tools  or 
machinery,  which  may  be  connected  with  any  house  circuit  where  the  pressure  is 
110  volts  or  less,  and  the  frequency  about  60  cycles,  and  which  may  be  stepped  down 
to  a  minimum  of  8  volts.  For  a  small  device,  the  efficiency  of  these  transformers  is 
high,  being  more  than  90%  for  an  output  of  100  watts.  This  edition,  it  is  stated,  has 
been  greatly  enlarged  and  contains  a  new  and  simple  form  of  core  construction,  as 
well  as  descriptions  of  the  construction  of  a  small  transformer  without  the  use  of 
discs  for  a  core  and  the  utilization  of  ordinary  tin  cans  as  transformer  cores.  The 
Contents  are  :  Directions  ;  Transformer ;  Regulation ;  Recapitulation  ;  Special  Core 
Construction  ;  A  Transformer  for  220  Volts,  60  Cycles  ;  Special  Type  of  Construction  ; 
Using  Old  Tin  Cans  for  Transformer  Cores ;  Notes  for  Experimenters ;  Useful 
Applications  of  Low-Pressure  Transformers;  To  Operate  Spark  Coils;  Step-Up 
Transformers. 

HANDBOOK  OF  ROCK  EXCAVATION:    METHOD  AND  COSTS. 

By  Halbert  Powers  Gillette,  M.  Am.  Soc.  C.  E.  Leather,  7J  x  5  in., 
illus.,  17  +  825  pp.    New  York,  Clark  Book  Company,  Inc.,  1916.    $5.00. 

The  purpose  of  this  book,  the  preface  states,  is  to  place  before  those  interested 
in  the  economic  handling  of  rock,  in  handbook  size  and  style,  detailed  descriptions 
of  tools  and  machines  required  for  modern  rock  work,  blasting  operations,  including 
chamber  blasting,  and  various  methods  of  excavating  and  transporting  rock  under 
different  conditions,  together  with  many  examples  and  unit  cost  data  relative  to  all 
such  work.  The  book,  it  is  said,  contains  the  bulk  of  the  material  published  pre- 
viously by  the  author  in  his  work  on  "Rock  Excavation,  Methods  and  Costs",  but  as 
the  methods  and  machinery  used  in  rock  excavation  have  become  highly  specialized, 

•  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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much  that  is  new  has  been  added  to  the  subject-matter.  It  is  the  author's  purpose, 
the  preface  state.s,  to  publish  shortly  two  companion  handboolcs  on  "Earth  E.xcava- 
tion"  and  "Tunnels  and  Shafts",  respectively.  The  Chapter  headings  are:  Rocks  and 
Their  Properties  ;  Methods  and  Cost  of  Hand  Drilling  ;  Drill  Bits  :  Shape,  Sharpening 
and  Tempering ;  Machine  Drills  and  Their  Use :  Cost  of  Machine  Drilling ;  Steam, 
Compressed  Air  and  Other  Power  Plants  ;  Cable  Drills,  Well  Drills,  Angles  and  Cost 
Data:  Core  Drills;  Explosives:  Charging  and  Firing;  Methods  of  I31asting  ;  Loading 
and  Transporting  Rock  ;  Quarrying  Dimension  Stone  ;  Open  Cut  Excavation  in  Rubble 
Quarries,  Pits  and  Mines:  Railroad  Rock  Excavation  and  Boulder  Blasting;  Canal 
Excavation;  Trench  Work;  Subaqueous  Rock  Excavation;   Index. 

HENDRICKS'  COJVIMERCIAL  REGISTF  R  OF  THE  UNITED  STATES 

For  Buyers  and  Sellers,  with  Which  has  beeu  Incorporated  "The 
Assistant  Buyer"  Especially  Devoted  to  the  Interests  of  the  Archi- 
tectural, Contracting,  Electrical,  Engineering,  Hardware,  Iron, 
Mechanical,  Mill,  Mining,  Quarrying,  Railroad,  Steel,  and  Kindred 
Industries.  Twenty-fifth  Annual  Edition.  Cloth,  10^  x  8  in.,  illus., 
150  +  1738  pp.      New  York,  S.  E.  Hendricks  Co.,  Inc.,  1916.    $10.00. 

It  is  stated  in  a  secondary  title  that  this  book  is  a  complete  and  reliable  annual 
register  of  producers,  manufacturers,  dealers,  and  consumers  connected  with  the 
industries  mentioned  in  the  title  and  with  many  others  of  interest  to  buyers  and 
sellers.  Products  are  listed,  it  is  said,  from  the  raw  material  to  the  finished  article, 
together  with  the  names  of  companies  and  firms  handling  such  products  from  the 
producer  to  the  consumer,  and  the  volume  is  stated  to  be  indispensable  as  a  buyer's 
reference  and  for  mailing  purposes.  There  is  an  alphabetical  list  of  contents  which 
is  followed  by  a  classified  list  of  industries  also  arranged  alphabetically  under  which 
Is  given,  sometimes  by  States  and  cities,  the  names  and  addresses  of  firms  dealing  in 
the  various  articles,  followed  by  detailed  matter,  titles  of  identification,  etc.  There 
is  also  a  list  of  trade  names,  brands,  etc.,  and  an  alphabetical  list  of  advertisers 
including  the  addresses  of  their  domestic  and  foreign  branches. 

Gifts  have  also  been  received  from  the  following: 

Am.  Inst,  of  Elec.  Engrs.     1  pam.  Gloucester,  Mass. -Mayor.     1  bound  vol. 

Am.  Inst,  of  Min.  Engrs.     2  vol.  Great  Northern  Ry.   Co.      1  pam. 

Am.  Soc.  of  Mech.  Engrs.      1  bound  vol.  Harvard  Univ.     1  pam. 

Arizona-State  Engr.     1  bound  vol.  Hawaii-Public  Utilities  Comm.     3  pam. 

Atchison,  Topeka  &   Santa  Fe  Ry.  Co.  1     Illinois-State  Geol.  Survey.     4  pam. 

pam.  Illinois  Central  R.  R.  Co.     1  pam. 

Atlanta  &  West  Point  R.  R.  Co.     2  pam.  Illinois,  Univ.  of.     2  pam. 

Augusta,  Ga.-City  Council.     1  vol.  Inter.  Eng.  Congress.     1  bound  vol. 

Bangor,  Me. -Water  Board.     1  pam.  Iowa-State   Document  Dept.     2   pam. 

Bangor  &  Aroostook  R.  R.  Co.     1  pam.  Kansas  City  Southern  Ry.  Co.     1  pam. 

Bond,  P.  S.     1  bound  vol.  Kansas,  Univ.  of.     1  vol. 

Boston  &  Maine  R.  R.  Co.     1  pam.  Kentucky-State   Forester.      1   pam. 

Bureau  of  Ry.  Economics.     3  pam.  I^uisville  &  Nashville  R.  R.  Co.     1  pam. 

Canada-Dept.  of  Mines.     1  pam.  McKeesport,     Pa. -Board     of     Water     and 

Canada-Fisheries  Branch.     1  vol.  Lighting  Commrs.     1  pam. 

Canada-Irrig.  Branch.     1  vol.  Madras,  India-Public  Works  Dept.      1  pam. 

Central  of  Georgia  Ry.  Co.     1  pam.  Maine-State  Library.     2  bound  vol. 

Central  Vermont  Ry.  Co.     1  pam.  Melbourne,     Australia-Sludge     Abatement 

Chicago  &  Alton  R.  R.  Co.     1  pam.  Board.      2   pam. 

Chicago  &   Eastern   Illinois   R.   R.   Co.  1    Minnesota,  Univ.  of.     3  pam. 

para.  Molitor,  David  H.     1  pam. 

Chicago,  Indianapolis  &  Louisville  Ry.  Co.  Nashville,    Chattanooga    &    St.    Louis    Ry. 

1  pam.  Co.     1  pam. 

Chicago,  Terre  Haute  &  Southeastern  Ry.  National   Fire   Protection  Assoc.      1   pam. 

Co.     1  pam.  National  Lime  Mfrs.  Assoc.     1  pam. 

Cincinnati,    Ohio-Water-Works    Dept.  1    New  Hampshire-Public  Service  Comm.    1 

pam.  pam. 

Colombia-Ministerio     de     Relaciones     Ex-  New    Orleans,    La. -Sewerage    and    Water 

teriores.      1   vol.  Board.     1  pam. 

El  Paso  &  Southwestern  Co.     1  pam.  New  York  City-Dept.  of  Health.     4  pam. 

Engrs.'  Soc.  of  Western  Pennsylvania.  1     New  York   State-Coll,   of   Agriculture.      4 

pam.  pam. 

Fall  River,  Mass. -Mayor.     1  bound  vol.  New     York-State     Dept.     of     Health.       2 

Franklin  Inst.      2  pam.  bound  vol. 

Gen.  Constr.  Co.  of  Petrograd.     1  pam.  New  York   Public  Library.      1  pam. 

Gen.  Ry.  Signal  Co.     1  bound  vol.  Northern  Pacific  Ry.  Co.     1  pam. 

Gisborne,  New  Zealand-Harbour  Board.  1     Philippine    Islands-Bureau    of    Education. 

pam.  1  pam. 
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Philippine  Islands-Bureau  of  Forestry.     1 

pam. 
Presidents'  Conference  Committee.    2  pam. 
Providence,  R.  I. -City  Engr.     1  pam. 
Pullman  Co.      1  pam. 
Quebec,  Canada-Mines  Branch.     1  vol. 
Quebec,  Canada-Streams  Comm.     1  pam. 
Quebec  Central  Ry.  Co.     1  pam. 
Ry.   Executives  Advisory  Comm.      1   pam. 
Reading  Co.     1  pam. 

Riehle  Bros.  Testing  Machine  Co.     1  pam. 
St.   Louis,   Rocky  Mountain  &  Pacific  Co. 

1  pam. 
St.  Paul,  Minn.-Dept.  of  Public  Works.     1 

vol. 
Southern  Pacific  Co.     1  pam. 
Southern  Ry.  Co.     1  pam. 
Tennessee,    Univ.    of.      1    pam. 
Texas,  Agricultural  and  Mech.  Coll.  of.    3 

pam. 
Texas  &  Pacific  Ry.  Co.     1  pam. 


Union    of    South    Africa-Miners    Phthisis 
Prevention  Committee.      1  vol. 

U.  S. -Bureau  of  Mines.     5  pam. 

U.  S. -Bureau  of  Standards.     1  pam. 

U.  S. -Bureau  of  the  Census.     2  bound  vol., 
1  pam. 

U.  S.-Dept.  of  Agriculture.     3  pam. 

U.  S.-Engr.    Office,    Los    Angeles,    Cal.      3 
specif. 

Office,     Newport,     R.     I.       1 


Office,     New    York    City. 


U.  S.-Engr. 

specif. 
U.  S.-Engr. 

specif. 

U.  S.-Engr.  Office,  Portland,  Ore.    3  specif. 
U.  S.-Engr.    Office,    Rock    Island,    111.       1 

specif. 
Universidad  Nacional  de  la  Plata.     1  pam. 
Victoria,    New    South    Wales-Ry.    Constr. 

Branch.      1  pam. 
Wabash  Ry.  Co.     1  pam. 
Washington  Univ.     4  pam. 
Western  Maryland  Ry.  Co.     1  pam. 
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MEMBERSHIP 

(From  October  lith  to  November  2d,  1916) 

AUDITIONS 

Date  of 
MEMBERS  Membership. 

CoE,    Edward    Kirk.     Engr.    of   Roads,    St.   Louis    County, 

1141  East  3d  St.,  Duluth,  Minn Sept.    12,   1916 

Coffin,  William  Carey.  Vice-Pres.,  and  Sales  Mgr., 
Knox  Pressed  &  Welded  Steel  Co.,  621  Farmers  Bank 
Bldg.,  Pittsburgh,  Pa Oct.      10,   1916 

Crowley,  Charles  James.  Vice-Pres.  and  Chf.  Engr., 
The  Fitzhugh-Crowley  Corporation,  60  Broadway, 
New    York    City Oct.      10,   1916 

Dudley',  Frederic  Leslie.     Engr.,  Bridge  Drawing  Room, 

Am.  Bridge  Co.,  Ambridge,  Pa Oct.      10,  1916 

Edwards,  Hugh  Robert.     Chf.  Engr.,  Hammon  Eng.  Co., 

433  California  St.,  San  Francisco,  Cal Oct.      10,  1916 

Gaby,  Frederick  Arthur.  Chf.  Engr.,  Hydro-Elec.  Power 
Comm.  of  Ontario,  190  University  Ave.,  Toronto, 
Ont.,    Canada Oct.      10,   1916 

Gerber,    Winfred    Dean.     Cons.    Engr.     (W.    S.    Shields 

Co.),   1203  Hartford  Bldg.,  Chicago,  111 Oct.      10,  1916 

Goodman,     Joseph.     Asst.     Engr.,     Dept.     of  ^     ,  ,,      x  ^    ,«^^^ 

,T7  i.      o       1      r^  J  ^1  \-  •  •:      r,Ac  f    Assoc.  M.     June      6,  1906 

Water  Supply,  Gas  and  Electricity,  605  y  in    iqi« 

West    142d    St.,    New   York    City )  ^-  ^''^'      ^"'  ^^^^ 

Goodrich,  Ralph  Dickinson.     Mgr.,  Public  Utilities,  211 

North  Huron  St.,   Ypsilanti,  Mich Oct.      10,  1916 

Hill,  Nicholas  Snowden,  Jr.     Cons.  Engr.,  100  William 

St.,   New   York    City Oct.      10,  1916 

McGeehan,   Paul.     Senior   Civ.   Engr.,   Grade  )     .            ,,  x  i  ,r.    i««^ 

^           ■.   ,       .    .         ^                     V,              /   Assoc.  M.  July  10,  1907 

One,       Interstate       Commerce      Comm.,  l,,  _,  ,„,„,„ 

r.x      TIT                                                C  ^-  Oct.  10,  1916 

Kansas  City,  Mo J 

PRIEST    BENSON  BuLKELEY.     Asst.  Engr.    Am^       ^^^^^    ^  ^^^^ 

Bridge   Co.,   30   Church   St.,   New   York  L  ^  J^       ^^    ^^^^ 

City    ) 

r.  r.  ^-x     x.  T>       )    Jun-  Mar.      2,  1909 

PRUETT    GROVER  CLEVELAND.     City  Engr.,  Box  i   ^^^^^    ^      ^^^  ^g^2 

161,    Miles    City,    Mont f  ^^^  ^^^       ^^^  ^^^^ 

Simpson,    Carl    William.     507    Terminal    Bldg.,    Norfolk, 

Va Oct.      10,  1916 

Sparkhawk,    George    Francis.     Engr.    in    Chg.,    Drawing 

Room  No.  4,  Am.  Bridge  Co.,  Ambridge,  Pa Oct.      10,   1916 

Stewart,  John  Truesdale.     Chf.,  Div.  of  Ag-  )     .  t,,      r^     .       „    ,„,^- 

.'     ,        ,     ^  ^,   .  .    ,^.  J'    /    Assoc.  M.     Sept.      6,  1905 

ricultural    Eng.,     Univ.     of    Minnesota,  v^,,  ^  .       ,„,„,-, 

2223  Knapp  St,  St.  Paul,  Minn P^"  ^'^^^      ^''  '''^ 
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MEMBERS    (CGiitinued)  Date  of 

Membership. 
Wenzell,  Andrew  Perry.     Cons.  Engr.,   (A.  J.  )     .  ,,      ,, 

t     A     T»    w        ii\     ^lA   /^  T>ij       r    Assoc.  M.     May       7,  1913 

n  .     -f'  ZT^'             ^"^''"         ^•'       M.  Oct       10,  1916 

Detroit,   Mich \ 

WiNDETT,    Victor.     Engr.,    Nash,    Dowdle    Co.,    1530    East 

66th   PI.,   Chicago,   111 June    23,  1916 

Wright,  Charles  Albert  Loring.  Engr.  in  Chg.,  Asphalt 
Paving,  City  of  Springfield,  92  Sumner  St.,  Spring- 
field,   Mass Oct.      10,   1916 

Wyman,  Alfred  Marshall.     Asst.  Div.  Engr.,>     ^                    -r  ^    ,„^^ 

T,  V.,-    e       ■      n             T5          .nn   ^                 Jun.               Jan.  2,  1906 

Public  Service  Conini.,  Room  409,  Queens         .  ,,      ,,  ^    ^^^r, 

r.1          n       <■    TJi  1        T           T  1      J    n-4      ^  Assoc.  M.     Mar.  2,  1909 

Plaza    Court    Bldg.,    Long    Island    City,  f,,                    _^  ,^,„,„ 

^^    ,^                        6>           &                        •^'  1    M.                  Oct.  10,  1916 

N.   Y I 

associate  members 

Altman,  Frank  Stork.     City  Engr.,  Atchison,  |    Jun.  Mar.  2,  1915 

Kans (j   Assoc.  M.  Oct.  10,   1916 

Beal,  Frank  Louis.     Valuation  Engr.,  La.  &  i    Jun.  Sept.  2,  1914 

Ark.  Ry.,  Stamps,  Ark ^  Assoc.  M.  Oct.  10,  1916 

Beemer,  John  Arthur.     615  North  18th  St.,  Boise,  Idaho.  Sept.  12,   1916 
Billings,    Fred    Merritt.      (Billings- Johnson    Eng.    Co.), 

562   Spreckles   Bldg.,   San   Diego,   Cal April  18,  1916 

Black,    James    Buckley.     Structural    Engr.,  )    ^ 

T,  •   t         in          ^      r--        r>io    TTT  ■   ux   I    Jun.  June      6,  1911 

Reinforced    Concrete    Co.,    918    Wright  I    .  ,,      ^ 

T,,  ,        „^    ,      ■      TVT  (  Assoc.  M.     June    23,  1916 

Bldg.,   St.   Louis,   Mo )  ' 

Bbeck,  Charles   Renwick,  Jk.     Locating  Engr.,   Alaskan 

Eng.    Comm.,    Anchorage,    Alaska Sept.    12,  1916 

BuRD,   Edward   Morris.     Care,    Fargo   Eng.    Co.,   Jackson, 

Mich Oct.      10,   1916 

Cefalu,  Frank  Dominic.     Junior  Engr.,  U.  S.  ]    Jun.  April     5,  1910 

Army   Engrs.,   Burrwood,   La j    Assoc.  M.     Oct.      10,  1916 

Cerny,   James.     Chf.    Engr.,   Am.    System    of   Reinforcing, 

6017  West  23d  St.,   Cicero,  111 Oct.      10,  1916 

CowDEN,     Stanley     Demalayne.     Care,     A.     L.     Nosser, 

Gaviota,    Cal Oct.      10,  1916 

Dawson,    William    Edward.     Engr.,    U.    S.    Engr.    Dept., 

U.  S.  Engr.  Office,  Dubuque,  Iowa Sept.    12,  1916 

Degnon,  Norman  George.     Asst.  to  Pres.,  Degnon   Contr. 

Co.,  30  East  42d  St.,  New  York  City Oct.      10,   1916 

Fawcett,    Philip   Norrison.     Lieut.,   Royal    Engrs.,    Care, 

The  Hong  Kong  &  Shanghai  Bank,  9  Grace  Church 

St.,  London,  E.  C,  England Sept.    12,   1916 

Fleischmann,    Leon.     Pres.,    Fleischmann    Constr.    Co.,    7 

West  45th,  St.,  New  York  City Oct.      10,   1916 

Foster,    Norman.     Engr.,    Borough    of    Lansdowne;    Prin. 

Asst.,   A.   F.   Damon,   Jr.,   Cor.   9th   and   Main   Sts., 

Darby,    Pa Oct.      10,   1916 
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Frisbie,  Henry  Charles.     Gen.  Mgr.,  Cornell  i    Jun.  Oct.       4,  1910 

Wood  Products  Co.,  Cornell,  Wis \  Assoc.  M.     Oct.      10,  1916 

Griggs.  Theodore  Gti.man.     Asst.  Engr.,  Lackawanna  R.  R., 

Chatham,   N.    J Oct.      10,   1916 

Gi'Pi'Y,  John  Lechmere.     Designing  Engr.,  Trinidad  Lease- 
holds, Ltd.,  76  Marine  Sq.,  Port  of  Spain,  Trinidad.  .      Sept.    12,   1916 
Heyser,     Estill     Samuel.     Vice-Pres.,     W.     E.     Callahan 

Constr.  Co.,   1107  Busch  Bldg.,  Dallas,  Tex Oct.      10,  1916 

Howe,    Frank    Ray.     Secy.,    The    Queensboro  \    ^  ^            ,     ,„„„ 

/-             *•         onr    TT'    .    r^xu    o^      XT  /   Jun-  June      1,  1909 

Corporation,    205    West    57th    St.,    New  V.  ^.^r      o,.,^-,>,^ 

-,    r    ^.       '                                         '  C   Assoc.  M.     Sept.    12,  1916 

York    City \  ^ 

Humphry,    James,    Jr.     Asst.    Designing    Engr.,    City    of 

Springfield,  56  Vermont  St.,  Springfield,  Mass May     31,   1916 

Huntley,  Grant.     Instr.  in  Eng.  Math.,  Union  Coll.,   117 

Glenwood  Boulevard,   Schenectady,   N.   Y Oct.      10,   1916 

Kaminsky,  Bennett.     Chf.  Draftsman,  Office,  > 

Engr.,  M.  of  W.,  The  Indianapolis  Union  \    Jun.  July       2,  1913 

Ry.,  31  IB  Union  Station,  Indianapolis,  f  Assoc.  M.     Oct.      10,   1916 
Ind j 

Khachadoorian,  Harootun  Hovhannes.     552  )    Jun.  Dec.       3,  1912 

West  .23d  St.,  New  York  City [  Assoc.  M.     Oct.      10,  1916 

KiENLE,    John    Aspin.     San.     Engr.,     Electro   i  ,.  a      -i  o    irvr./> 

I  Jun.  April  3,   1906 

Bleaching    Gas    Co.,    18    East   41st    St.,  l  a            -k/t  r^  j.  ir.    im/? 

"                   '                                    '  (  Assoc.  M.  Oct.  10,  1916 

New   York   City ^ 

Kinney,  William  Morton.     Insp.   Engr.   and"^ 

Engr.,     Promotion     Bureau,     Universal  !    Jun.  Sept.      6,  1910 

Portland  Cement  Co.,  210  South  La  Salle  f"  Assoc.  M.     Oct.      10,   1916 
St.,    Chicago,    111 J 

Kirtland,  Elmour  Fitch.     458  Wayne  Sq.,  Beaver,  Pa...      Oct.      10,   1916 

Lasker,  Julius.  Structural  Engr.,  Interstate  Commerce 
Comm.,  744  Rock  Creek  Church  Rd.,  Washington, 
D.   C Oct.      10,  1916 

MacDowell,  Rollin  Fay.     Prin.  Asst.  Engr.,  R.  Winthrop 

Pratt,  10215  Empire  Ave.,  Cleveland,  Ohio Oct.      10,  1916 

McNayr,    George   Everett.     With   Ford,    Bacon    &   Davis, 

Care,  Clinchfield  Cement  Co.,  Kingsport,  Tenn Oct.      10,  1916 

Merwin,  Prentice  Burdette.  154  Wallace  Ave.,  Mt.  Ver- 
non,   N.    Y Oct.      10,  1916 

MiAL,   Bennett  Taylor.     Mgr.  of  Erection,   Belmont   Iron 

Works,  2215  Washington  Ave.,  Philadelphia,  Pa Oct.      10,   1916 

Miller,  Daniel  Chambers.  Associate  Prof.,  Civ.  Eng., 
Agricultural  and  Mech.  Coll.  of  Texas,  College  Sta- 
tion,  Tex Oct.      10,  1916 

MuTH,    Frank    Amende.     Asst.    Supt.,    Eighth    Lighthouse 

Dist.,  Room  320,  Custom  House,  New  Orleans,  La.  .  .      Oct.      10,  1916 
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Newton,  Jewett  Beach.  Structural  Engr.,  Geo.  F.  New- 
ton, 6  Beacon  St.,  Boston,  Mass Sept.    12,  1916 

NowLiN,  Robert  Aldridge.     Min.  Engr.,  Crozer  |    Jun.  Feb.       4,  1914 

Land  Assoc,  Elkhorn,  W.  Va f  Assoc.  M.     Oct.      10,  1916 

Page,  Stephen  Eugene.     Supt.  and  Res.  Engr.,  j  ^  "in    1Q11 

Lock  Joint  Pipe   Co.,   2   Rutledge  Ave.,  C   ^^^^^    ^      ^^J^^    ^^^  ^^^^ 
East  Orange,  N.   J ) 

Palmer,  Ray  Rolph.     Draftsman,  Van  Sant-Houghton  Co., 

3411  Meade  St.,  Denver,  Colo Oct.      10,  1916 

Parsons,  Wallace  Emery.  Treas.,  Moulton  Eng.  Cor- 
poration, 120  Exchange  St.,  Portland,  Me May     31,  1916 

PuRCELL,  Steuabt.  Asst.  Div.  Engr.,  Filtration  Div.,  Balti- 
more Water  Dept.,  Hilton  and  Baker  Sts.,  Baltimore, 
Md Oct.      10,  1916 

Russell,     Alexander     Stuart.     First     Asst.  ]  ^  r^  ^        „    ,„„r, 

^  „.  ,  ,  ^  ^  r..       ,      1   /-.-,  /  Jun.  Oct.        6,  1908 

Engr.,  Richmond  Refinery,  Standard  Oil  \  .  ,^      c,j.,r,,«,,, 

'  ,    ^.,,,    r.^     T..  ,  1     /^  1  C  Assoc.  M.     Sept.    12,  1916 

Co.,  641   Fifth  St.,  Richmond,  Cal )  ^ 

Small,  Joseph  Warder,  Jr.     Squad  Engr.,  Am.  Bridge  Co., 

722  Park  Rd.,  Ambridge,  Pa Oct.      10,  1916 

Snodgrass,  William  Tyler.  224  East  Biddle  St.,  Balti- 
more,   Md Oct.      10,  1916 

Stringfellow,  Horace.     1919  Seventh  St.,  Tuscaloosa,  Ala.      Sept.    12,  1916 

Stromquist,   Walter   Gottfrid.     San.    Engr.,  ^  ^  ^  ^    ,„,, 

TT   o    T,  ,7-    TT     ii.1-  c.       •       oj       J  T°-i    r  J"n.  Dec.       5,   1911 

U.  S.  Public  Health  Service,  3d  and  Kil-  I   .  ,^      ^  , 

^.     .        ^.  '  C  Assoc.  M.     Oct.      10,  1916 

gour   Sts.,    Cincinnati,    Ohio ) 

Tarrant,   Fred.     Div.   Engr.,   State  Highway   Dept.,   Room 

730,  Reisch  Bldg.,  Springfield,  111 Oct.      10,  1916 

Teichert,  Adolph,  Jr.    (Teichert  &  Ambrose)  ;   )   _  ^  ,  ,     ,„„„ 

Mgr.,  A.  Teichert  &  Son,  Box  1118.  Sac-   If""      ,^      ^'']^    ^^'  ^^^^ 
'^    '           ^  ,  (Assoc.  M.     Oct.      10,  1916 

ramento,     Cal j 

Thomas,  Franklin.    Prof,  of  Civ.  Eng.,  Throop  )  Jun.  Dec.  3,  1912 

Coll.  of  Technology,  Pasadena,  Cal [Assoc.  M.  Oct.  10,  1916 

Thompson,  James  Arthur.     Care,  Hoyt  Metal  )  Jun.  Jan.  2,  1912 

Co.,  300  North  Broadway,  St.  Louis,  Mo.  j"  Assoc.  M.  Sept.  12,  1916 

Trimpi,    Allan    Littell.      Supt.    of    Grounds 
and  BIdgs..  Canadian  Car  &  Foundry  Co., 


^      ,          ^,     T.     X  r^             XT    T  V   Assoc.  M.     Oct.      10,  1916 

35  Stockton  PL,  East  Orange,  N.  J ) 

Ward,  Roy  Elsen.     Eng.  Dept.,  Aluminum  Co.  \  j^^  ^r  g,  1911 

of    America,    2402    Oliver    Bldg.,    Pitts-  C  ^^^^^    ^^^      ^^^       j^'  ^^^g 
burgh,    Pa 1 

Watson,  Winslow  Barnes.     Civ.  Engr ,  O'Connor  &  Chap- 
man, 125  Delaware  Ave.,  Albany,  N.  Y Sept.    12,  1916 

Wheeler,  Walter  Austin.     Chf.  Engr.,  Blodgett  Constr. 

Co.,  3335  Olive  St.,  Kansas  City,  Mo May     31.  1916 
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Wii.cox.  Albert  Louis.     Supt.,  Hydro-EIec.  System,  Cerro 

de  Pasco  Min.  Co.;  Supt.  of  Rys.,  Cerro  de  Pasco  Ry., 

CeiTo   de  Pasco,   Peru May     31,   1916 

ASSOCIATES 

Robertson.  Harold  Hansard.  Pies,  and  Gen.  Mgr.,  Asbes- 
tos Protected  Metal  Co.,  1606  First  National  Bank 
Bldg.,    Pittsburgh,    Pa Oct.      10,  1916 

JUNIORS 

Forbes,  James  Hyde.     1638  Fourth  Ave.,  Los  Angeles,  Cal.      Oct.      10,  1916 

Johnson,  Francis  Whittier.     Asst.  Designing  Eng.,  Am- 

bursen  Co.,  61  Broadway,  New  York  City Sept.    12,  1916 

Larson,  Louis  J.  Research  Fellow  at  the  Eng.  Experiment 
Station,  Univ.  of  Illinois,  706  South  2d  St.,  Cham- 
paign,   111 May     31,  1916 

Lipari,    Attilio    Felix.      Asst.    Engr.,    Standard    Concrete 

Steel  Co.,  2071  Fifth  Ave.,  New  York  City Oct.      10,  1916 

Palmer,   Richard   Jeter,   Jr.     Res.   Engr.,   N.   &   W.   Ry., 

11   Westover  Apartments,  Norfolk,  Va Oct.      10,   1916 

Short,  Edward  Aloysius.     Care,  Asbestos  Protected  Metal 

Co.,  First  National  Bank  Bldg.,  Pittsburgh,  Pa Sept.    12,   1916 

SwARTZ,  Albert  Wylford.  Deputy  County  Engr.,  Snohom- 
ish County,  412  Am.  Bank  Bldg.,  Everett,  Wash Oct.      10,  1916 

Vaughan,   Henry   Frieze.      Epidemiologist,   The   Board   of 

Health,    Detroit,    Mich Oct.      10,   1916 

Wai.sh,  Philip  Joseph.    Engr.  and  Gen.  Supt.,  Rd.  Constr., 

Kanawha  County,  Charleston,  W.  Va Oct.      10,  1916 


changes  of  address 

members 

Anderson,  David  Guy.  King's  Court,  36th  and  Chestnut  Sts.,  Philadelphia, 
Pa. 

Anthony,  Charles  Chapman.  Asst.  Signal  Engr.,  P.  R.  R.,  Broad  St. 
Station,  Philadelphia,   Pa. 

Berry,  Thomas.     Cons.  Engr.,  733  Stanley  Ave.,  Long  Beach,  Cal. 

Bissell,  Hezekiah.     Box  86,  Altadena,  Cal. 

Charles,  La  Vern  John.  Constr.  Engr.,  U.  S.  Reclamation  Service,  Lake- 
wood,  N.  Mex. 

Conn,  Charles  Francis.  Care,  J.  G.  White  Eng.  Corporation,  43  Exchange 
PI.,  New  York  City. 

Crowe,  Francis  Trenholm.     St.  Ignatius,  Mont. 

Davis,  Charles  Stratton.  Structural  Engr.,  Pennsylvania  Co.,  802  Penob- 
scot Bldg.,  Detroit,  Mich. 
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Donovan,   Cornelius.      Prin.   Asst.   Engr.,   U.   S.    Engr.   Office,   Room   325, 

Custom  House,  New  Orleans,  La. 
Gahagan,  Walter  Hamer.     Contr.  Engr.,  147  Remsen  St.,  Brooklyn,  N.  Y. 
Gilchrist,  Charles  Allyn.     9  South  12th  St.,  San  Jos6,  Cal. 
GiLDERSLEEVE,  Alger  Crocheron.    Cons.  Engr.,  99  Claremont  Ave.,  New  York 

City. 
GoDDARD,  William  Beck,  Jr.     Cons.  Engr.,  87  Bowne  Ave.,  Flushing,  N.  Y. 
GuTMAN,  David.     345  Bedford  Ave.,  Mt.  Vernon,  N.  Y, 

Hoover,  Herbert  Clark.    No.  3,  London  Wall  Bldgs.,  London,  E.C.,  England. 
Houston,  Gavin  Nelson.     Cons.  Engr.,  438  Equitable  Bldg.,  Denver,  Col. 
JuDsoN,  William  Voorhees.     Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  309  Custom 

House,  Baltimore,  Md. 
Kastl,   Alexander  Edward.     Cons.   Engr.,   204  Burlingame   Ave.,   Detroit, 

Mich. 
Patrick,  Mason  Mathews.     Col.,  Corps  of  Engrs.,  U.  S.  A.,  Washington 

Barracks,  Washington,  D.  C. 
Patstone,  Lewis  Frederick.     City  Engr.,  Manila,  Philippine  Islands. 
Pearl,  James  Warren.    6210  Harper  Ave.,  Chicago,  111. 
Randorf,  Charles  Andrew.     Structural  Engr.,  Lackawanna  Steel  Co.,  208 

Loring  St.,  Buffalo,  N.  Y. 
Rodriguez,  Arturo.     Cons,  and  Contr.  Engr.,  660  West  180th  St.,  New  York 

City. 
Rousseau,  Harry  Harwood.     Rear-Admiral,  U.  S.  N.,  2344  Massachusetts 

Ave.,  Washington,  D.  C. 
ScHREiBER,  Hermann  Victor.     Care,  Cumberland  County  Power  &  Light  Co., 

Portland,  Me. 
Shand,  James.     148  Kohler  St.,  Sault  Ste.  Marie,  Ont.,  Canada. 
Staats,  Robert  Parker.    375  Park  Ave.,  New  York  City. 
Tainter,  Farnk  Stone.     (F.  S.  Tainter  &  Co.),  60  Wall  St.,  New  York  City. 
Van  Cleve,  Aaron  Howell.     Engr.,  Sizer  Forge  Co.,  Larkin  St.,  Buffalo, 

N.  Y. 
Van  Keuren,  Charles  Augustus.    City  Hall,  Room  24,  Jersey  City,  N.  J. 
Weidman,  William  Roe.     12958  Emerson  St.,  Lakewood,  Cleveland,  Ohio. 
Wells,  Charles  Edwin.     Div.  Engr.,  Board  of  Water  Supply,  City  of  New 

York,   7  Prospect  St.,  White  Plains,  N.  Y. 
Wood,  Winthrop  Barrett.     Asst.  Chf.  Engr.,  Joseph  Bancroft  &  Sons  Co., 

2206  Grant  Ave.,  Wilmington,  Del. 
Wrentmore,  Clarence  George.     5017  Brooklyn  Ave.,  Seattle,  Wash. 
ZiNN,  George  Arthur.    Col.,  Corps  of  Engrs.,  U.  S.  A.,  2d  Regiment,  Colum- 
bus, N.  Mex. 

associate  members 
Adams,  Frank  Hicks.     722  Kittredge  Bldg.,  Denver,  Colo. 
Atwater,  Huntington  Clark.     In  Dept.  of  Designs,  New  York  Public  Serv- 
ice Coram.,  Tribune  Bldg.,  New  York  City    (Res.,  9  Livingstone  Ave., 

White  Plains,  N.  Y. ) . 
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AvKRiLi..  James  Leland.     275  Emmett  St..  Newark,  N.  J. 

Aykks.  John  Hkxky.  Care,  Bureau  of  Public  Works,  Manila,  Philippine 
Islands. 

Bailey,  Lewis  Penn.     3510  Hamilton  St.,  Philadelphia,  Pa. 

Barker,  Bertrand  Don.  Asst.  Chf.  Engr.,  Dept.  of  Highways,  Cook  County, 
Hotel  Strand,  63d  St.  and  Cottage  Grove  Ave.,  Chicago,  111. 

Battie,  Herbert  Scandlin.  Eng.  Dept.,  Universal  Portland  Cement  Co.  of 
Chicago,  Care,  G.  Sommerfeld,  0108  Norman  Boulevard,  Chicago,  111. 

Beebe,  James  Wilbxk.     Strathmore.  C  al. 

Blatt,  Max.     714  East  50th  PL,  Chicago,  111. 

Boyd,  George  Ray.  Office  of  Public  Roads  and  Rural  Eng.,  Washington, 
D.  C. 

Brooke,  George  Doswei.l.  Supt.,  C!umberland  Div.,  B.  &  0.  R.  R.,  Cumber- 
land, Md. 

BuMANN,  Cecil  Spencer.  1225  Title  Guaranty  Bldg.  (Res..  953  Beach  Ave.), 
St.  Louis,  Mo. 

BUBNELL,  Eugene.    Care,  Canadian  Car  &  Foundry  Co.,  Ltd.,  Kingsland,  N.  J. 

Casani,  Albert  Aexeas.     Care,  Am.  Bridge  Co.,  Frick  Bldg.,  Pittsburgh,  Pa. 

Collins,  Arthur  Lee.  Cons.  Engr.,  1039  Merchants  Exchange  Bldg.,  San 
Francisco,  Cal. 

Converse,  Warbex  Hoover,  Jr.  Designing  Engr.,  Pan  American  Bridge 
Co.,  409  South  12th  St.,  New  Castle,  Ind. 

Cornell,  John  Wesley.     2524  Seventeenth  St.,  N.  W.,  Washington,  D.  C. 

CUMMINGS,  Noah.  Asst.  Engr.,  Dept.  of  Bridges,  625  West  127th  St.,  New 
York  City. 

Day,  William  Peyton.  Cons.  Engr.  (Weeks  &  Day),  933  Phelan  Bldg.,  San 
Francisco,  Cal. 

Dean.  Stanley'.  Asst.  Prof,  of  Civ.  Eng.,  Armour  Inst,  of  Technology  (Res., 
2237  West  108th  PI.),  Chicago,  111. 

DoBBANCE,  William  Tully.  Chf.  Draftsman,  N.  Y.,  N.  H.  &  H.  R.  R.,  Gen- 
eral Office    Bldg.,  New  Haven,  Conn. 

Ellsworth,  Ebee  J.     1483  Greenmont  Ave.,  Dormont,  Pittsburgh,  Pa. 

Fenstermaker,  DeWitt  Clinton.  Asst.  Engr.,  C,  M.  &  St.  P.  Ry.,  Box  315, 
McGregor,  Iowa. 

Ferguson.  John  Ashley.  Secy.  Engr.,  Bldg.  Code  Committee,  City  of  Pitts- 
burgh, 1113  Bessemer  Bldg.,  Pittsburgh,  Pa. 

Flaherty,  Edward  Thomas.  Structural  Engr.,  1003  Central  Bldg.,  Los 
Angeles,  Cal. 

Goodell,  John  Stanton.    Box  15,  Brunswick,  Mo. 

Greene,  Lloyd  Woolset.     1365  North  Goodman  St.,  Rochester,  N.  Y. 

Greene,  Russell  de  Costa.    173  Madison  Ave.,  New  York  City. 

Harrington,  Arthur  W'Illiam.  Care,  U.  S.  Geological  Survey,  Water 
Resources  Branch,  615  Idaho  Bldg.,  Boise,  Idaho. 

Hayes,  Luke  Joseph.     Engr.,  Star  Elec.  Co.,  River  Road,  La  Salle,  N.  Y. 

Haywood,  Charles  Ellsworth.  Engr.,  Westinghouse,  Church,  Kerr  &  Co., 
37  Wall  St.,  New  York  City  (Res.,  1058  Post  Ave.,  Port  Richmond, 
N.  Y.). 
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Healey,  Chari.es  Frank.  Eng.  Chemist  in  Chg.,  Testing  Div..  Dept.  of  Pub- 
lic Works,  811  Lincoln  Parkway,  Chicago,  111. 

Hendricks,  Kearney  Everett.     Bridgewater,  N.  C. 

HiLDER,  Frazer  Croswell.  Bureau  of  Yards  and  Docks,  U.  S.  Navy  Dept., 
Washington,  D.  C. 

HoGLUND,  Carl  August.     914  Karpen  Bldg.,  Chicago,  111. 

Hunt,  Charles  Adams.  Asst.  Div.  Engr.,  Public  Service  Comm.,  120  Broad- 
way, New  York  City. 

HuTCHiNS,  Harry  Crocker.  Asst.  Engr.,  Dept.  of  Public  Works,  Borough  of 
Manhattan,  Park  Row  Bldg.,  New  York  City  (Res.,  665  St.  Marks 
Ave.,  Brooklyn,  N.  Y.). 

Jenkins,  Charles  Melville.     Asst.  Engr.,  C,  M.  &  P.  S.  Ry.,  Neola,  Iowa. 

Kayser,  Edward  Mathew.     P.  0.  Box  805,  Tenafly,  N.  J. 

Lehfelt,  Walt  Ferd.  Care,  International  Boundary  Comni.,  719  Fifteenth 
St.,  N.  W.,  Washington,  D.  C. 

Leonard,  Oliver  Yeaton.  Care,  Washington  Steel  &  Ordnance  Co.,  Wash- 
ington, D.  C. 

Lineberger,  Walter  Franklin.  Room  20,  Lineberger  Bldg.,  Long  Beach, 
Cal. 

Mandigo,  Clark  Rogers.  Engr.,  Tlie  Portland  Cement  Assoc,  1007  Com- 
merce Bldg.   (Res.,  3619  Wabash  Ave.),  Kansas  City,  Mo. 

Mabsh,  Charles  Reed.  Eng.  Asst.,  Municipal  Archt.,  Dist.  of  Columbia, 
f617  U  St.,  N.  W.,  Washington,  D.  C. 

MoBBERLY,  Henry  Peyton.     1121  East  Elm  St.,  Springfield,  jVIo. 

Mollard,  Charles  Elias.  Structural  Engr.,  Mead-Morrison  Mfg.  Co.,  Park 
Ridge,  111. 

Newberry,  Spencer  Baird.  Pres.  and  Gen.  Mgr.,  Sandusky  Portland  Cement 
Co.,  818  Engineers  Bldg.,  Cleveland,  Ohio. 

Olds,  Robert  Franklin.  Gen.  Supt.,  Philadelphia  Branch,  The  Austin  Co., 
Room  53,  Transportation  Bldg.,  Philadelphia,  Pa. 

Onderdonk,  Arthur.     Care,  B.  G.  Weeks,  52  William  St.,  New  York  City. 

Pani,  Arturo.     2A,  San  Juan  de  Letran  29,  City  of  Mexico,  D.  F.,  Mexico. 

PiBNiE,  Herbert  Malcolm.     Scarsdale,  N.  Y. 

Renner,  Charles  Joseph.     353  Fifth  Ave.,  New  York  City. 

Rhenisch,  Arthur  Rudolph.  Cons,  and  Constr.  Engr.,  1123  Holly  Court, 
Oak  Park,  111. 

Rhett,  Albert  Haskell.     Care,  Toch  Bros.,  320  Fifth  Ave.,  New  York  City. 

Richardson,  James  Herbert.     P.  0.  Box  No.  3,  Newtonville,  Mass. 

Richardson,  John  Francis.    Res.  Engr.,  Braden  Copper  Co.,  Rancagua,  Chili. 

Sampson,  Frank  Watkins.    Box  315,  Katonah,  N.  Y. 

Sanford,  Walter  Edward.     Care,  U.  S.  Engr.  Corps,  New  London,  Conn. 

Stanton,  Harry  Seel.     246  South  Prospect  St.,  Bowling  Green,  Ohio. 

Stark,  Burr  Manlow.     Benedict,  N.  Y. 

Starr,  Herbert  Harris.  Asst.  Engr.,  Erecting  Dept.,  Am.  Bridge  Co.,  116 
East  Walnut  Lane,  Germantown,  Philadelphia,  Pa. 
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ASSOCIATE  MEMBEKS   (ConHnued) 

Steix,  Milton  Fkeokrick.  Asst.  Engr.,  Hering  &  Gregory,  170  Broadway, 
New  York  City. 

SiX)iJO,  John  Biuck.     1009  Harrison  St.,  Syracuse,  N.  Y. 

SUTTLE,  Clifford  Bhadley.  p]ngr.  and  Secy.,  Estate  of  Stuart  Wood,  601 
Provident  Loan  and  Trust  Bldg.  (lies..  1007  South  46th  St.),  Phila- 
delphia, Pa. 

Swartwout,  Roy  Adolf.     5016  Davenport  St.,  Omaha,  Nebr. 

Talbot,  Frederic  William.     404  West  9th  St.,  Erie,  Pa. 

Taylor,  Presley  Morgan.  Care,  H.  D.  Morrison,  11  Waterloo  PI.,  London, 
England. 

Thornton,  John  Edward.     Care,  Chf.  Engr.,  Tex.  &  Pac.  Ry.,  Dallas,  Tex. 

Vallely,  William  Patrick.     1001  Lincoln  PL,  Brooklyn,  N.  Y. 

Walker,  Isaac  Stanley.  Asst.  Engr.,  Sewage  Disposal,  City  of  Philadel- 
phia,  1208  Harrison  St.,  Frankford,  Philadelphia,  Pa. 

Wheat,  George  Neville.  Structural  Engr.,  4139  Michigan  Ave.,  Kansas 
City,  Mo. 

WiLB.\NKS,  John  Robert.  Chf.  Engr.,  The  R.  L.  DoUings  Co.,  Columbus, 
Ohio. 

Wilson,  Roy  Heath.  Engr.,  Bowers  Southern  Dredging  Co.,  Box  118, 
Miami,  Ela. 

Wondries,  Charles  Henry.  Res.  Engr.,  California  Highway  Comm.,  312 
Union  League  Bldg.,  Los  Angeles,  Cal. 

Woodward,  Guy  Eric.     808  Seventh  St.,  South,  Great  Falls,  Mont. 

Wynn,  Wesley  Akers.     231  Forster  St.,  Harrisburg,  Pa. 

juniors 
Ahkens,  Albert  Richard  Nelson.     Asst.  Engr.,  Hill  &  Ferguson;  Res.,  570 

Halsey    St.,    Brooklyn,    N.    Y. 
Bishop,  Roy  Prentice.     712  American  Trust  Bldg.,  Cedar  Rapids,  Iowa. 
Connolly,  Thomas  Ernest.     Res.  Engr.,  Hetch  Hetchy  Project,  Jackson- 
ville, Cal, 
DE  Charms,  Richard,  Jr,     Structural   Draftsman,  B.  &  M.  R.   R.,   92   St. 

James  Ave.,  Boston,  Mass. 
Feiner,  Mark  Antony.     3143  Broadway,  New  York  City. 
Gault,  John  James.     Computer,  Dept.  of  Valuation,   Interstate  Commerce 

Comm.,  Chattanooga,  Tenn. 
Gons,  Louis  Richard.     Care,  Fred  T.  Ley  &  Co.,  Inc.,  Springfield,  Mass. 
Hinds,  Arthur  Klock.    Engr.,  G.  F.  Hardy  Co.,  2  West  121st  St.,  New  York 

City. 
•Hutchins,   Roland   Ellis.      Care,   Morgan   Eng.   Co.,    610   Goodwyn    Inst., 

Memphis,  Tenn. 
Lapham,  John  Raymond.     1829  G  St.,  N.  W.,  Washington,  D.  C. 
Laughlin,  Harmony  Leonidas.     3216  Leland  Ave.,  Chicago,  111. 
Loida,  Joseph  Louis.     2112  Felix  Ave.,  Memphis,  Tenn. 
Mills,    Guy    G.     Div.    Engr.,    Portland    Cement    Assoc,    1123    Hurt    Bldg., 

Atlanta,  Ga. 
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JUNIORS    (Continued) 
Naqler,  Floyd  August.     1000  East  Washington  St.,  Ann  Arbor,  Midi. 
Oatman,  Frankltn  William.     1400  Jones  St.,  San  Francisco,  Cal. 
Olson,  John  Nathanael.     Care.  Eng.  Dept.,  G.  C.  &  S.  F.  Ry.,  Galveston, 

Tex. 
Pebrine,  Harold.     820  West  End  Ave.,  New  York  City. 
Rose,  Alston  Orange.     Engr.  wfith  Morris  Knowles,  Box  288  B,  R.  F.  D. 

No.  5,  Wilkinsburg,  Pa. 
Templin,  Richard  Laurence.     706  South  2d  St.,  Champaign,  111. 
Toms,  Jay  William.     523  Lane  Bldg.,  Davenport,  Iowa. 
Veatch,  Francis  Montgomery.     Care,  City  Water  Co.,  East  St.  Louis,  111. 
Veltfort,  Theodore  Ernst.    Cost  Engr.,  Stone  &  Webster  Eng.  Corporation, 

75  Massachusetts  Ave.,  Cambridge   (Res.,  491  Belmont  St.,  Belmont), 

Mass. 
Webb,  Chauncey  Earl.     524  Monroe  St..  Gary,  Ind. 


RESIGNATIONS 


Date  of 
esignatio 

Chinch,    William    Lee Oct.     10,  1916 


^E^^SERS  ResignatioT.. 


associate    MEMBERS 

Beach,   James    Gbx)Rge Oct.      10,  1916 

Gbiswold,   Horace   Seth Oct.     10,  1916 


DEATHS 

Agnew,  Augustus  Waterous.  Elected  Associate  Member,  July  2d,  1913; 
died  September  17th,  1916. 

Bogue,  Virgil  Gay.  {Director.)  Elected  Member,  September  15th,  1869; 
died  October  14th,  1916. 

Coleman,  Lester  Lyman.  Elected  Junior,  May  31st,  1910;  Associate  Mem- 
ber, April  1st,  1914;   died  August  11th,  1916. 

Ely,  Theodore  Newel.  Elected  Member,  March  2d,  1881;  died  October  28th, 
1916. 

Hotchkiss,  Charles  Wilcox.  Elected  Member,  January  5th,  1898;  died 
October   29th,    1916. 

Rundlett,  Leonard  W.  Elected  Member,  September  5th,  1883:  died  Octo- 
ber  15th,  1916. 

Shedd.  Frank  Edson.  Elected  Member.  February  6th,  1907;  died  September 
22d.  1916. 


Total  Membership  of  the  Society,  November  3d,  1916, 
8  162. 
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MONTHLY  LIST  OF  RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST 

(October  3(1  to  November  1st.  1916) 

Note. — I'/iis  list  is  published  for  the  purpose  of  placing  before  the 
viembers  of  this  Society,  the  titles  of  current  engineering  articles, 
loliich  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(2 
(3 

(4 
(5 
(6 

(7 
(8 
(9 

(H 

(12 

(13 

(14 
(15 
(16 

(17 

(18 
(19 

(20 
(21 

(22 

(23 

(24 

(25 

(26 

(27 

(28 

(29 


Proceeding/!.  Engrs.  Club  of  Phila., 
Philadelphia,  Pa. 

Journul.  Franklin  Inst.,  Philadel- 
phia, Pa..   50c. 

Journal,  We.stern  Soc.  of  Engrs., 
Chicago,  111.,  50c. 

Transactions,  Can.  Soc.  C.  E., 
Montreal,  Que..  Canada. 

School  of  Mines  Quarteriii,  Ct- 
lumbia  Univ.,  New  York  City, 
50c. 

Gcsundlieits  Ingenieur,  Mtinchen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
boken,  N.  J.,  50c. 

Enaineering  Magazine,  New  York 
City,  25c. 

Enaineerinp  (London),  W.  H.  Wiley, 
432  Fourth  Ave.,  New  York  City, 
25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,  35c. 

Engineering  News,  New  York  City, 
i5c. 

Enaineering  Record,  New  York 
City,   10c. 

Railway  Age  Gazette,  New  York 
City,  15c. 

Engineering  and  Mining  Journal. 
New  York  City,  15c. 

Electric  Railway  Journal,  New 
York  City,  10c. 

Railway  Revieio,  Chicago,   111.,   15c. 

Scientific  American  Supplement,  New 
York  City,  10c. 

7?-o?i  Age,  New  York  City,  20c. 

Raihvay  Engineer,  London,  Eng- 
land, Is.  2d. 

Iron  and  Coal  Tirades  Review,  Lon- 
don, England,   6d. 

Railway  Gazette,  London,  England, 
6d. 

American  Gas  Light  Journal,  New 
York  City,  10c. 

Railway  Mechanical  Enqineer,  New 
York  City,   20c. 

Electrical  Review,  London,  Eng- 
land, 4d. 

Electrical  World,  New  York  City. 
10c. 

Journal,  New  England  Water-Works 
Assoc,   Boston,    Mass.,   $1. 

Journal.  Royal  Society  of  Art.s, 
London,   England,    6d. 


Annates  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium,  4  fr. 

Annates  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,   Belgium,   4   fr.* 

Memoires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de  France, 
Paris,   France. 

Le  Genie  Civil,  Paris,  France,  1   fr. 

Portefeuille  Economiques  des  Ma- 
chines, Paris,   France. 

Nouvelles  Annates  de  la  Construc- 
tion, Paris,   France. 

Cornell  Civil  Engineer,  Ithaca,  N.  Y. 

Revue  de  Mecanique,  Paris,  France. 

Revue  Generale  des  Chemins  de 
Fer  et  des  Tramways,  Paris, 
France. 

Tcchnisches  Gem,eindeblatt,  Berlin, 
Germany,  0,  70m. 

Zentralblatt  der  Bauvertvaltung , 
Berlin,   Germany,   60   pfg. 

Electrotechnische  Zeitschrift,  Ber- 
lin,  Germany. 

Proceedinos,  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

Annales  des  Ponts  et  Chaussees, 
Paris,   France. 

Journal,  Military  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,   50c. 

Coal  Age,  New  York  City,   10c, 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,   3d. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,  Berlin,  Germany,  1, 
60m. 

Zeitschrift  fiir  Bauwesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  DUsseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie- Zeitung ,  Riga, 
Russia.   25  kop. 

Zeitschrift,  Oesterreichischer  In- 
genieur und  Architekten  Verein, 
Vienna,  Austria,  70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York  City,   $12. 

Transactions,  Am.  Soc.  M.  E.,  New 
York  City,  $10. 
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(58 

(59 
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(62 
(63 
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(67 

(68 

(69 
(71 

(71< 

(72 

(73 
(74 

(75 

(76 
(77 

(78 

(79 
(80 

(81 

(82 

(83 
(84 
(85 

(86 

(87 


Transactions,  Am.  Inst.  Mln.  Engrs., 
New  York  City,  $6. 

Colliery  Guardian,  London,  Eng- 
land, 5d. 

Proceedings,  Engrs.'  Soc.  W.  Pa., 
2511  Oliver  Bldg.,  Pittsburgh, 
Pa.,  50c. 

Proceedings,  American  Water- Works 
Assoc,   Troy,   N.  Y. 

Municipal  Engineering ,  Indianapolis, 
Ind.,   25c. 

Proceedings,  Western  Railway  Club, 
225  Dearborn  St.,  Chicago,  111., 
25c. 

Steel  and  Iron,  Thaw  Bldg.,  Pitts- 
burgh,  Pa.,   10c. 

Minutes  of  Proceedings,  Inst.  C.  E., 
London,   England. 

Power,  New  York  City,  5c. 

Official  Proceedings,  New  York  Rail- 
road  Club,    Brooklyn,   N.  Y.,    15c. 

Journal  of  Gas  Lighting,  London, 
England,   6d. 

Cement  and  Engineering  News, 
Chicago,  111.,  25c. 

Mining    Journal,    London,    England, 

Der  Eisenbau,  Leipzig,  Germany. 

Journal.   Iron   and   Steel   Inst.,   Lon- 
don, England. 
)    Carnegie      Scholarship      Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

American  Machinist,  New  York 
City,  15c. 

Electrician,    London,    England,    18c. 

Transactions,  Inst,  of  Min.  and 
Metal.,  London,  England. 

Proceedings,  Inst,  of  Mech.  En<rrs., 
London,  England. 

Brick,   Chicago,    111.,   20c. 

Joiirnal,  Inst.  Elec.  Engrs.,  Lon- 
don, England,  5s. 

Beton  und  Eisen,  Vienna,  Austria, 
1,   50m. 

Forscherarbeiten,    Vienna,    Austria. 

Tonindustrie  Zeitung,  Berlin,  Ger- 
many. 

Zeitschrift  fUr  Architektur  und  In- 
gcnieurwesen,  Wiesbaden,  Ger- 
many. 

Mining  and  Engineering  World, 
Chicago.  111.,  10c. 

Gas  Age,  New  York  City,  15c. 

Le  Ciment,  Paris,  France. 

Proceedings,  Am.  Ry.  Eng.  Assoc, 
Chicago,    111. 

Engineering-Contracting,  Chicago, 
111.,  10c. 

Railway  Maintenance  Engineer, 
Chicago,    111.,    10c. 


(88 

(89 
(90 
(91 

(92 

(93 
(95 
(96 
(98 
(99 
(100 


103 
104 

105 

106 

107 

108 
109 

110 

111 

112 

113 
114 

115 
116 


Bulletin  of  the  International  Ry. 
Congress  Assoc,  Brussels,  Bel- 
gium. 

Proceedings,  Am.  Soc.  for  Testing 
Materials,  Philadelphia,  Pa.,  $5. 

Transactions,  Inst.  of  Naval 
Archts.,   London,   England. 

Transactions,  Soc.  Naval  Archts. 
and  Marine  Engrs.,  New  York 
City. 

Bulletin,  Soc.  d'Encouragement 
pour  rindustrie  Nationale,  Paris, 
Prance. 

Revue  de  Metallurgie,  Paris, 
France,  4  fr.  50. 

International  Marine  Engineering, 
New  York  City,   20c. 

Canadian  Engineer,  Toronto,  Ont., 
Canada,   10c. 

Journal,  Engrs.  Soc.  Pa.,  Harris- 
burg,   Pa.,   30c. 

Proceedings,  Am.  Soc.  of  Municipal 
Improvements,  New  York  City,  $2. 

Professional  Memoirs,  Corps  of 
Engrs.,  U.  S.  A.,  Washington, 
D.  C,  50c. 

Metal  Worker,  New  York  City,  10c. 

Organ  fiir  die  Fortschritte  des 
Eisenbahnwesens,  Wiesbaden,  Ger- 
many. 

Mining  and  Scientific  Press,  San 
Francisco,   Cal.,   10c. 

The  Surveyor  and  Municipal  and 
County  Engineer,  London,  Eng- 
land, 6d. 

Metallurgical  and  Chemical  En- 
gineering, New  York  City,  25c. 

Transactions,  Inst,  of  Min.  Engrs., 
London,  England,  6s. 

Sclnoeizerische  Bauzeitung ,  Zurich. 
Switzerland. 

Iron  Tradesman,  Atlanta,  Ga.,  10c. 

Journal,  Boston  Soc.  C.  E.,  Boston, 
Mass.,   50c. 

Journal,  Am.  Concrete  Inst.,  Phil- 
adelphia,  Pa.,  50c. 

Journal  of  Electricity,  Poioer  and 
Gas.  San  Francisco,  Cal.,  25c. 

Internationale  Zeitschrift  fiir 
Wasser-Versorgung,  Leipzig,  Ger- 
many. 

Proceedings,  Am.  Wood  Preservers' 
Assoc,    Baltimore,    Md. 

Journal,  Institution  of  Municipal 
and  County  Engineers,  London, 
England.  Is.  6d. 

Journal,  Engrs.'  Club  of  St.  Louis, 
St.   Louis     Mo.,    35c. 

Blast  Furnace  and  Steel  Plant. 
Pittsburgh,   Pa.,   15c. 


LIST  OF  ARTICLES 
Bridges. 

The  Operating  Machinery  of  the  Willamette  River  Drawbridge,  near  Portland,  Ore- 
gon.*     Byron  B.  Carter.      (4)      Sept. 

Quebec  Bridge  Central  Span.*      G.  H.  Duggan.      (96)      Sept.  14. 

The  Quebec  Bridge  Disaster.*      (46)   Sept.  23;    (12)    Sept.   15;    (11)   Oct.  13. 

Erection  of  the  Suspended  Span,  New  Quebec  Bridge.*  G.  V.  Davies  and  N.  C. 
McMath.     (86)   Sept.  27. 

Novel  Electrically  Operated  Lift  Bridge.*      (86)      Sept.  27. 

Heating  Materials  for  Bridge  Paving  in  Cold  Weather.  C.  B.  Freeman.  (86) 
Sept.   27. 


Illustrated. 
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Bridges— (  Continued  i. 

Progress  on  Bloor  Street  Viadact,  Toronto.*      (96)      Sept.  28. 

Reconstructing  an  Old   Bridge.*      (87)      Oct. 

Pertinent   Reniarlis  on   the  Quebec  Bridge   Accident.     W.   P.   Parker.      (2)      Oct. 

Careless  Work  Causes  Conirete  Bridge  Failure.*      (13)      Oct.   0. 

Computing  the  Stresses  in  the  Quebec  Rocker  Casting.*      (13)      Oct.  5. 

Creosoted  Timber  l-'loor  Fire  Racks,  Missouri  Bridge.*      (13)      Oct.  5. 

New  Roller  Shoe  for  Bridges  Prevents  Tipping.*      (13)      Oct.  5. 

New    Standard    Specifications    Issued   by    Ontario    Ry.    and    Municipal    Board.      D.    A. 

Molitor.      (96)      Oct.  5. 
Strengthening  an  Alley  Bridge.      (13)      Oct.  5. 

Wind  Cripples   Bridge  Portals  and  Lower  Laterals.*      Clifford  Older.      (13)      Oct.   5. 
Bridge   Wrecked   by    Runaway   Car   Derailed   at   Curve.*      (13)      Oct.   12. 
Capping  Old   Bridge  Piers  Under  Railway  Traffic*      (13)      Oct.  12. 
Culverts — Their   Location    and   Construction.*      C.    D.    Norton.      (96)      Get.    12. 
The  Caronte  Viaduct.*       (11)      Serial  beginning  Oct.   13. 
New  Mississippi  River  Bridge  at  Memphis.*       (15)      Oct.  13. 
Building  Second  Halt  of  the  Susquehanna  Bridge.*      (13)      Oct.  19. 
Defective  Bascule  Bridge.       (13)      Oct.  19. 

Concrete  Bridge  Completed  from  Suspended  Forms.*  F.  R.  Goodman.  (13)  Oct.  26. 
Erecting  Highway  Bridges  Under  Traffic;  Michigan.  C.  V.  Dewart.  (13)  Oct.  26. 
Theory    and    Tests    Presented    for    Design    of   Sand    Boxes    to    Lower    Arch    Centers.* 

Frank  P.  McKibben.      (14)      Oct.  28. 
Le  Nouvel   Accident  du  Pont  de  Quebec  Chute  de  la  Travee  Centrale.au  Moment  de 

sa  Mise  eu  Place  par  Soulevement.*      Georges  Dupont.      (33)      Oct.  14. 

Electrical. 

Mechanical  Problem  of  Electric-Power  Transmission  Line  Conductors.*    A.  T.  Arnall. 

(63)      Vol.    201. 
Dynamo-Electric  Machinery.   1878-1916.*      Miles  Walker.      (73)      Sept.   15. 
Long  Distance  Telephony.      B.  S.  Cohen.      (73)      Sept.  15. 
Modern    Electric    Searchlight    Protectors.*      J.    H.    Johnson.     (12)     Serial    beginning 

Sept.   15. 
Radiotelegraphy  :  A  Retrospect  of  Twenty  Years.*      J.  A.  Fleming.      (73)      Sept.   15. 
Recent  Progress  in  X-Rays  and  Radiography.*      G.  W.  C.  Kaye.      (73)      Sept.  15. 
Some  Characteristic  Curves  of  a  Poulsen-Arc  Generator.*      N.  W.   Mclachlan.      (73) 

Serial  beginning  Sept.   15. 
Speed    of    Submarine   Telegraphy.*      Edward    Raymond-Barker.      (73)      Sept.    15. 
Story  of  the  Submarine  Cable.*      Charles  Bright.      (73)      Sept.  15. 
Laws  of  Variation  of  Resistance  with  Voltage  at  a  Rectifying  Contact  of  Two  Solid 

Conductors,     with     Applications    to    the    Electric     Wave     Detector.*      D.    Owen. 

(Abstract  of  paper  read  before  the  Physical   Soc.  of  London.)       (73)      Sept.  22. 
Mercury  Arc  Rectifier  for  Charging   Small   Batteries.*      C.   N.   Green.      (From  paper 

in  General  Electric  Review.)       (26)      Sept.  22. 
Method  of  Splicing  High   Power  Submarine  Electric  Cables.*      (86)      Sept.   27. 
Higher    Harmonics    of    Induction    Due    to    Winding    Distribution.*      A.    H.    Mittag. 

(From  the  General  Electric  Review.)       (73)      Sept.  29. 
Alternating-Current     Service     for     an     Office     Building.*      Charles     Klapper.      (27) 

Sept.  30. 
Fixture  Selection  and  Maintenance  in   Office  Building  Lighting.*      (27)      Sept.   30. 
Motor  Drive  for  Operating   Steel   Rolling   Mill.*      William    Knight.      (27)      Sept.    30. 
Production    of   Small   Dry    Batteries.      C.    F.    Burgess.      (Paper    read   before   the   Am. 

Electrochemical  Soc.)       (27)      Sept.  30. 
Cost  vs.  Upkeep  of  Direct-Current  Motors.      A.  M.  MacCutcheon.      (Paper  read  before 

the  Assoc,  of  Iron  and  Steel  Elec.  Engrs.)       (116)      Serial  beginning  Oct. 
Power    Company's    Problem    in    the    Electric    Supply    for    Large    Single-Phase    Load. 

W.  C.  L.  Eglin.      (42)      Oct. 
Single-Phase  Power  Production.*       E.  F.  W.  Alexanderson  and  G.  H.  Hill.       (42)       Oct. 
Single-Phase    Power    Service    from   Central    Stations.*      R.    E.    Oilman    and    C.    Le  G. 

Fortescue.      (42)      Oct. 
Operating   Data   on    Electric    Blooming   Mill.*      E.    S.    Jefferies.      (Paper    read    before 

the  Assoc,   of  Iron   and   Steel   Elec.   Engrs.)       (116)      Oct. 
Supply  of  Single-Phase  Loads   from  Central  Stations.*      Philip  Torchio.      (42)      Oct. 
Cost    of    Placing    53    Concrete    Foundations    for    Electric    Light    Standards.*      H.    R. 

Ferris.      (86)      Oct.  4. 
Tunnels  for  Electric  Cables.      (13)      Oct.  5. 

Electric  Power  in  a  Marble  Quarry  at  Proctor,  Vt.*      (12)      Oct.  6. 
Radio-Telegraphy  Over  Great   Distances.*      W.   Duddell.      (73)      Oct.   6. 
Use  of  Metal  Slot  Wedges  in  Induction  Motors.*      B.  B.  Ramey.      (Abstract  from  the 

Electric  Journal.)       (73)      Oct.  6. 
The  Alkaline  Storage  Battery.      L.  C.  Turnock.      (Abstract  of  paper  read  before  the 

Am.  Electrochemical  Soc.)       (27)      Oct.  7. 
Condenser    Lightning    Arrester    for    Electric    Railway    Protection.     Q.    A.    Brackett. 

(17)      Oct.  7. 
Cost  of  Rural  Lines  and  Revenue  Therefrom.      (27)      Oct.  7. 


•  Illustrated. 
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Electrical— I  Continued). 

Determining  First  Cost  of  Edison  Tube  System.*      Julian   Locbenstein.     (27)     Oct.  7. 
Illumination  at  Salt  I^ake  Citv.»      B.  W.   Mendenhall.      (Ill)      Oct.  7. 
Reeent  Installations  Made  by  Winnipeg  Company.*      H.  A.  P.  Langstaff.    (27)    Oct.  7. 
Effect  of   Imperfect  Dielectrics   in   the  Field   of  a   Radiotelegraphic   Antenna.*      John 

■  M.   Miller.      (Abstract  from  BuUetin.   Bureau   of  Standards.)       (73)      Oct.    13. 
Electricity  Supply  in   Bethnal  Green.*      (26)      Oct.   13. 
On    the    Wave-Forms    of    Magnetising    Current    and    Flux    Density    for    a    "Stalloy" 

Magnetic  Circuit.*      B.  Hague  and  S.   Neville.      (73)      Oct.   13. 
Characteristics   of   Iron   and   Steel    Conductors.*      C.    E.    Oakes   and   Winfield    Eckley. 

(27)      Oct.  14. 
Load  Dispatching  by  New  England  Power  Company.*      (27)      Oct.  14. 
New  Armature  Machine.*      (45)      Oct.  14. 

Operating  a  Station   Under  Unfavorable  Conditions.*      (27)      Oct.   14. 
Some  Electric  Water-Heating  Problems  Solved.*      A.  J.  Kercher.      (Ill)      Oct.  14. 
Electric    Power    Tranmission    Economics.       G.    P.    Roux.      (From    General    Electric 

Review.)      (96)      Oct.  19. 
Erecting  Steel  Transmission  Towers  with  Ginpole.*      L.   R.   Allison.      (13)      Oct.   19. 
Electrical    Refrigeration   in   a   Cafeteria.*      H.    N.    Sessions.      (Ill)      Oct.    21. 
Hot  Spots  in  Synchronous  Converter  Armatures.*      A.   E.  Hanson  and  C.   A.  Corney. 

(27)      Oct.  21. 
Layout   and   Tests   of   an   Alabama   Cotton    Mill.*      George   Wrigley.      (27)      Oct.    21. 
Output   Limitations    in    Direct-Current   Machines.*      Alex    Gray.      (27)      Oct.    21. 
Rationalization  of  the  Magnetic  Units.      J.  H.   Dellinger.      (27)      Oct.  21. 
Lighting  an  Art  Gallery  with  "Daylight"  Lamps.      (27)      Oct.  28. 
Proposed  Dividend-Type  Domestic  Service  Rate.*      (27)      Oct.  28. 
Selling  Energy  along  Interurban  Railways.*      (17)      Oct.  28. 

Marine. 

Propelling  Machinery  for  Ships.     W.   J.  Drummond.    ,(75)      May. 

Oil  Burners  with  Natural  Draught  on  U.  S.  S.  FuUon.*      (12)      Sept.  29. 

Liquid  Compass.*      (11)      Sept.  29. 

Efficiency   of   Propulsive   Machinery   and   Late   Developments   in   Naval    Engineering.* 

H.  C.   Dinger.      (55)      Oct. 
The  Twin-Screw  Motor-Ship  Peru.      (11)      Oct.  6. 

Steel  Anchors  for  Merchant  and  Battleships.      E.  F.  Cone.      (20)      Oct.  12. 
The  U.  S.  Submarine  Tender  Bushnell.     G.  E.  Davies.      (Paper  read  before  the  Am. 

Soc.  of  Naval  Engrs.)       (12)      Oct.  13. 
New  Train  Ferry  for  New  Orleans.*      (12)      Oct.   13. 
United  States  Coast  Survey  Steamer  Surveyor.*      (13)      Oct.  26. 

Mechanical. 

Analytical    and   Experimental   Investigations   Relating   to   Centrifugal    Pumps.*      Hu- 
bert  Mawson.      (63)      Vol.    201. 
Flow  of  Air  Through   Nozzles.*      T.   B.   Morley.      (75)      May. 
Chisels.*      Henry  Fowler.      (75)      May. 
Spur-Gearing.*      Daniel    Adamson.      (75)      May. 
Composition    of   the    Exhaust    from    Liquid    Fuel    Engines.*      R.    W.    Fenning.      (75) 

May. 
The   Screw.      (108)      Sept. 
Spanning    the    Brazos    River    with    Two    10-in.    Gas    Mains.      C.    R.    Sutton.      (108) 

Sept. 
Gas-Purnaees   and   Their   Utility.*      Ralph    Halkett.      (Paper    read    before    the    North 

British   Assoc,    of   Gas    Mgrs.)       (66)      Sept.    5;     (22)     Sept.    15. 
Mixing   Carbonates   with   Coal.*      A.    Rollason.      (22)      Sept.    15. 
Electrically-Driven    Coal-Handling    Plant.*      H.    H.    Broughton.      (73)      Sept.    15. 
Turret   Lathe   for   Bars    and   Milling   Machine.*      (11)      Sept.    15. 
Steam    Storage    Locomotives.*      (12)      Sept.    15. 
The    Annealing    of    Arsenical    Brass.     C.    H.     Mathewson    and    E.     M.    Thalheimer. 

(Paper   read  before  the    Inst,    of   Metals.)       (11)      Sept.    22. 
Starting  Diesel  Engines  with  Low  Compression.*      W.  H.  Watkinson.      (Paper   read 

before  the  British  Assoc.)       (11)      Sept.   22. 
Fuel    Economy    on    the    North-East    Coast    as    a    Result    of    Electric    Power    Supply. 

R.  P.  Sloan.      (Paper  read  before  the  British  Assoc.)       (11)      Sept.   22. 
Fuel    Economy;    First    Report    of    a    Committee    by    the    British    Association.      (47) 

Serial  beginning  Sept.   22;    (II)    Sept.   22. 
Limit    Gauges.      R.    T.    Glazebrook.      (Abstract    of    paper    read    before    the    British 

Assoc.)       (73)      Sept.    22. 
Coal  Handling  on  the  Norfolk  &  Western  Railway.      (45)      Sept.  23. 
History  of  a  Successful   Jig.*      F.  B.   Davenport.      (45)      Sept.   23. 
Michigan    Test    Shows    That    Gas    Coals    Can    be    Exposed    to    Weather    for    5-Year 

Period   Without   any    Deteriorating    Effect.      A.    H.    White.      (Paper    read   before 

Michigan   Gas   Assoc.)       (24)      Sept.   25. 
Four    General    Conditions    Determine   Cost   of   Manufacturing    Gas.     H.    W.    Douglas. 

(Paper    read   before   the    Michigan    Gas    Assoc.)       (24)      Sept.    25. 

*  Illustrated. 
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Mechanical— (Continued). 

Many  Unique   Piping   Systems   Developed   in  Connection   With  the   Gas  Illumination 

of  the  Philadelphia  Civic  Exposition.*      C.  S.  Snyder  and  F.  H.  Gilpin.      (Paper 

read   before    the    Ilium.    Eng.    Soc.)       (24)      Sept.    25;     (83)      Serial    beginning 

Oct.  2. 
The  "Direct"  Process  for  the  Manufacture  of  Sulphate  of  Ammonia  and  the  Storage 

of  Ammoniacal   Liquor.      W.   S.   Curphey.      (66)      Sept.   26. 
Design   of   Steel   Stacks.*      W.   A.   Hitchcock.      (96)      Sept.    28. 
Stationary    Boilers    Fired    by    Pulverized    Coal    on    the    MlsSouri,    Kansas    &    Texas. 

(IS)      Sept.    29. 
A   Large   Reinforced  Concrete   Coaling   Plant,    New   Station   for   the   Duluth,    Missabe 

&   Northern  at  Proctor,  Minn.*      (15)      Sept.   29. 
By-Product  Coke  Plant  at  Terre  Haute.*      S.   Meacham.      (57)      Sept.   29. 
New    Semet-Solvay    By-Product   Coking    Plant.*      (22)      Sept.    29. 
Pressure  Oil   Film   Lubrication.*      H.   T.   Newbigin.      (Paper  read   before  the   British 

Assoc.)       (47)      Sept.    29;    (II)      Sept.    15;     (73)      Oct.    6. 
Motor  Trucks  Equipped  for  Construction  Service.      (27)      Sept.  30. 
A    One-Ton    Electric    Lorry    at    Manchester.*      (73)      Sept.    29. 
Improved   Centrifugal    Pump.*      (16)      Sept.    30. 

Motor   Drive  for  Operating   Steel   Rolling   Mill.*      William   Knight.      <27)      Sept.   30. 
Factors    Governing    the    Efficiency    of    Steam    Plants.      C.    E.    Bowron.      (Paper    read 

before   the   Alabama   Coal    Operators'    Assoc.)       (45)      Sept.    30. 
Buildings    for   Dye    Manufacture.*      P.   R.    Moses.      (9)      Oct. 
More  Steam  From  Less   Coal.*      F.   D.   Harger.      (9)      Oct. 
Use  of  Powdered  Coal  as  a  Fuel.      Joseph  Harrington.      (55)      Oct. 
Heavy-Oil    Engines.*      S.    B.    Daugherty.      (55)      Oct. 
Gas  Lighting  in   Industrial   Plants.*      Thomas   Scofleld.      (9)      Oct. 
How   Shall   a   Rational   Specification  for   Gravel  be   Developed.      C.   C.    Brown.      (67) 

Oct. 
Distributing   Costs    for   Wire   Manufacture.      W.   Trinks.      (116)      Oct. 
Roller   Conveyors   for   Handling   Cement.*      (67)      Oct. 
Century   of   Light.      Walton   Clark.      (3)      Oct. 
Steam-Flow    Measurement.*      E.   G.    Bailey.      (55)      Oct. 
Atlantic   Refining  Company's  Philadelphia  Plant.*      J.   D.  Gill.      (2)      Oct. 
Operating   Data    on    Electric    Blooming   Mill.*      E.    S.    Jefferies.      (Paper    read   before 

the   Assoc,   of   Iron   and   Steel   Elec.   Engrs.)       (116)      Oct. 
Economies    by    the    Use    of    Motor    Trucks    in    Industrial    Establishments.     W.    P. 

Kennedy.      (9)      Oct. 
Motor  Trucks   in   Southern   California.*      W.   H.   Clapp.      (55)      Oct. 
Coke   Sizing   Equipment   Adapted   to    Small   Works.*      E.   C.   Campbell.      (Paper   read 

before  the  Michigan  Gas  Assoc.)       (83)      Oct.   2. 
Distillation   of  Tar  by   the  Raschig   Process.*      (83)      Oct.    2. 

Extraction  of  Benzol  from  Illuminating  Gas.*      Daniel   Florentine.      (83)      Oct.   2. 
Remington  Arms   Company's  Gas-Fired   Annealing  Furnaces   for   Rifle   Parts   Handle 

20-Ton    Charges.*      (24)      Oct.    2. 
Benches    for   Medium    Sized   Gas    Works.     H.    W.   Douglas.      (Paper    read   before    the 

Michigan   Gas   Assoc.)       (83)      Oct.   2. 
Gas   Liquor   from   Vertical   Retorts.      H.    L.   Tropf.      (From  Journal   fiir    Gasieleuch- 

tung.)       (83)      Oct.    2. 
San   Francisco's   Hills   Add    Much   to   the   Beauty   of  the   City — Also  to   the   Cost    of 

Laying   Pipe.      D.    E.    Keppelmann.      (Paper   read   before   the   Paciflc   Coast   Gas 

Assoc.)       (24)      Oct.    2. 
Windlass    Arrangement    Takes    Place    of    Tripod    and    4-Liegged    Derricks    on     San 

Francisco   Distribution   Works.*      D.   E.   Keppelmann.      (Abstract  of  paper   read 

before   the    Pacific    Coast   Gas   Assoc.)       (24)       Oct.    2. 
Operation   of   a   Producer-Gas   Fired   Chamber  Kiln.*      A.    F.   Greaves-Walker.      (76) 

Serial  beginning  Oct.   3. 
Precision    Work    in    Manufacturing    Aeroplane-Motor    Parts.*      F.    H.    Colvin.      (72) 

Oct.   5. 
Foundry    By-Product    Coke.     G.    A.    T.    Long.      (Abstract   of    paper    read    before    the 

Am.    Foundrymen's    Assoc.)       (20)      Oct.    5. 
Finishing    Edges    of    Dies.*       (20)      Oct.    5. 
Determination   of   Foundry   Costs.      C.    H.    Scovell.      (Abstract   of   paper    read   before 

the   Amer.   Foundrymen's   Assoc.)       (20)      Oct.   5. 
Tools   for  Pump   and   Lathe  Parts.*      Robert  Mawson.      (72)      Oct.   5. 
How  a  Worcester  Plant  Controls   Production.*      W.   E.  Freeland.      (20)      Oct.   5. 
Plant   of   Honolulu   Iron   Works.*      (72)      Oct.   5. 
Double  Reduction  Gear  with  Flexible  Wheels.*      (11)      Oct.  6. 
A  Fuel   Economy  Scheme  for  Brighton.      (12)      Oct.   6.' 
Motor-Driven    Compressor    at    Britannia    Colliery.*      (22)      Oct.    6. 
Multiple   Drilling  Machine.*      (11)      Oct.   6. 
Manchester    Electric    Vehicle    Trial.      S.    L.    Pierce.      (From    Report    made    to    the 

Electricity  Committee.)       (26)      Oct.   6. 
An    Oil    Reclaimer.*      (27)      Oct.    7. 
Steam  Flow  Meter  Applied  to  Reciprocating  Steam  Engines.*      V.  B.   Phillips.      (17) 

Oct.   7. 


•  Illustrated. 
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Mechanical— (Continued). 

Threo   Principal    Difficulties    Presented   in   the   Use  of   the   Surface   Combustion    Prin- 
ciple for  the   Gas  Firing  of   Boilers.*      Nlsbet  Latta.       (24)      Oct.   9. 
The  Coke-Handling  at  the  Howdon   Lane  Gas-Works.      A.   B.   Walker.      (Paper   read 

before   the    North    of   England   Gas    Mgrs.   Assoc.)       (66)      Oct.    10. 
An    English   Admission   of   the   Superiority    of   American    Waterpipe.      P.    G.    Donald. 

(86)      Oct.   11. 
Equalizing  Table  for  Delivery  Capacity  of  Wrought  Iron   Pipe.      (86)      Oct.   11. 
Cast-iron    Drop-Forge   Dies.*      A.   R.   Braden.      (72)      Oct.    12. 
Manufacture   of   Pump    Leathers.*      (72)      Oct.    12. 
Parallel-Depth   Bevel   Gears.*      W.   C.   Glass.      (72)      Oct.   12. 
Placing  Foundations  for  Coke  Plant  Near  New  York.*      (13)      Oct.  12. 
Special    Tools     for      Machiring     Steam-Pump      Elements.*      Robert     Mawson.      (72) 

Oct.   12. 
Speciflc-Speed    Diagram    for    Hydraulic    Turbines.*      (13)      Oct.    12. 
Selection    of   Centrifugal    Pumps.*      D.    McEoceid.      (12)      Oct.    13. 
An  Effective  Oil  Filter.*      W.  S.  Weeks.      (16)      Oct.  14. 
How   Oil    Burners   Help   Boilers   Over    Peak   Loads.*      (27)      Oct.    14. 
Coal  and  Coke  By-Products  as  a  Source  of  Fixed  Nitrogen.      H.   C.   Porter.      (Paper 

read    before   Amer.    Chemical    Soc.)       (105)      Oct.    15. 
Actual   Operation    Shows   that   As   High   a   Per   Cent  of   Perfect  Work   in   Japanning 

is    Obtained    from    a    Gas    Oven    as    an    Electric    Oven.*      H.    T.    Hood.      (Paper 

read   before   the   Michigan   Gas   Assoc.)       (24)      Oct.    16. 
Area    Theory    for    Calculating   Amount   of    Oxide   to    Purify    Given    Quantity   of    Gas 

Practically    Disproved   by   California    Tower   Purifiers   of   Recent   Years.*      E.    S. 

Jones.      (Paper    read    before    the    Pacific    Coast    Gas    Assoc.)       (24)     Oct.    16; 

(83)      Oct.   16. 
Comparison   of  American   and    British   Threaded    Pipe.*      P.   G.    Donald.      (From   the 

IronnKnifiei:)      (83)      Oct.    16. 
Large    Surface    Combustion    Installation.*      (83)      Oct.    16. 
Naphthalene  for  Combustion  Engines.      (83)      Oct.   16. 
Hints    for   Trucking    Contractors.*      (86)      Oct.    18. 
Cam  Design  and  Construction.*      C.  F.  Smith.      (72)      Oct.  19. 
St.  Louis — Its  Place  in  the  Steel  Industry.*      (20)      Oct.  19. 
Development  of  the  Farm  Tractor.*     S.   H.   Bunnell.      (20)      Oct.    19. 
Methods    Used    in    Manufacturing    Textile    Machine    Parts.*      Robert    Mawson.      (72)" 

Oct.    19. 
Manufacturing   a    Self-Locking   Sheet-Metal    Seal.*      Ethan   Viall.      (72)      Oct.    19. 
Modern    Methods    of    Cleaning    Castings.*      H.    C.    Estep.      (Abstract    of    paper    read 

before   the   Amer.   Foundrymen's  Assoc.)       (20)      Oct.    19. 
Production  System  in  a  75-Man  Shop.*      W.  E.  Preeland.      (20)      Oct.  19. 
Twenty   Years'   Progress   in  Die   Making   and   Using.*      Edward   Dean.      (72)      Serial 

beginning  Oct.    19. 
Economy   of   Solid   Woven    Belts.     W.   F.    Schaphorst.      (16)      Oct.    21. 
Coal    Unloading    Machine.*      (20)      Oct.    26. 
Deep-Well  Condensing  Water.      (13)      Oct.  26. 
Power    for    Steel    Mills.       (From    Report    of    the    Committee    of    the    Assoc,    of    Iron 

and  Steel  Elec.  Engrs.)       (20)      Oct.  26. 
Small  Coaling  Stations.      (Discussion  before  the  Bridge  and  Building  Assoc.)       (15) 

Oct.   27. 
Rules  Proposed  to  Control  Motor  Trucks  in  Jersey.      (14)      Oct.  28. 
Safety   in   Coke-Oven    Operations.      K.   M.   Burr.      (45)      Oct.   28. 
Baltimore's  Method  of  Testing  Hot  Air  Delivered  by  Hot-Air  Gas  Fired  Furnaces.* 

H.    M.    Riley.*      (24)      Oct.   30. 
Fuel    for    Internal    Combustion    Engines.      (Discussion    before    the    Am.    Ry.    Bridge 

and   Building  Assoc.)       (87)      Nov. 
Distribution  of  Gas  Under  High  Pressures.*      D.  E.  Keppelmann.      (Abstract  of  paper 

read   before   the   Pacific   Coast   Gas   Assoc.)       (83)      Nov.    1. 
Beseitigung  von  durch  Explosionsmotoren  hervorgerufen   Erschiitterungen.*      A.  Kes- 

selring.      (107)      Sept.    23. 
Grue  Titan  de  40  Tonnes  pour  la  Construction  du  Port  de  Fishguard   (Angleterre).* 

(33)      Sept.   30. 

Metallurgical. 

Few   Experiments  on  the  Hardness  Testing   of   Mild   Steel.*      W.   N.   Thomas.      (71) 

Vol.    93. 
Influence  of  Carbon  and  Manganese  upon  the  Corrosion  of  Iron  and  Steel.*      Robert 

Hadfield   and   J.   N.   Friend.      (71)      Vol.   93. 
Initial    Temperature   and    Critical    Cooling   Velocities    of   a    Chromium    Steel.      C.    A. 

Edwards,    J.    N.    Greenwood    and    H.    Kikkawa.      (71)      Vol.    93. 
New    Thermo-EIectric    Method    of    Studying    Allotropic    Changes    in    Iron    or    Other 

Metals.      Carl    Benedicks.      (71)      Vol.    93. 
Surface   Tension    Effects    in   the    Intercrystalline   Cement   in    Metals   and   the    Elastic 

Limit.*      F.   C.   Thompson.      (71)      Vol.   93. 
Theory   of  the   Corrosion   of   Steel.*      Leslie  Aitchison.      (71)      Vol.   93. 


*  Illustrated. 
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Metallurg:ical—  (Continued) . 

Transformations  of  Special  Steels  at  High  Temperatures.*      K6tar6  Honda,  Kuniichl 

Tamara.    and   Hiromu   Takagi.      (71)      Vol.    93. 
Allotropy    of    Silver.     Thomas    Rose.      (Paper    read    before    the    Inst,    of    Metals.) 

(11)      Sept.    22. 
Annealing  of   Arsenical    Brass.      C.   H.   Mathewson    and   E.   M.   Thalheimer.      (Paper 

read  before  the  Inst,  of  Metals.)       (11)      Sept.  22. 
Cadmium    in    Spelter.      Walter    Renton    Ingalls.      (Paper    read    before    the    Inst,    of 

Metals.)       (11)      Sept.    22. 
The    Metallurgy    of    Zinc.      Ernest    A.    Smith.      (Abstract    of    paper    read    before    the 

Inst,   of  Metals.)       (47)      Serial  beginning  Sept.   22. 
Electrolytic   Iron.      Oliver  W.   Storey.      (Paper  read  before  the  Am.   Electrochemical 

See.)       (19)       Sept.    23. 
Electrolytic     Precipitations     from     Cyanide     Solutions.*      G.     H.      Clevenger.      (16) 

Sept.  30. 
Lixiviation  of  Lead  and  Zinc*      (16)      Sept.  30. 
The    Metallurgy    of    the    Rarer    Metals.      Joseph    W.    Richards.      (Paper    read    before 

the   Am.    Inst,    of   Chem.   Engrs.)       (19)      Sept.    30. 
Treating  Amalgamation   Tailings.      John   Allingham.      (16)      Sept.   30. 
Design    of    Structure    for    Open-Hearth    Use.      C.    A.    Randorf.      (Paper    read    before 

the   Assoc,   of   Iron   and    Steel   Elec.    Engrs.)       (116)      Oct. 
Economies    Effected    by    Washed    Stack    Gas    (for    Blast    Furnaces).*      C.    C.    Lynde. 

(116)      Oct. 
New    Method    for   Measuring   Resistivity    of    Molten    Materials :    Results    for    Certain 

Alloys.*      E.    F.    Northrup    and    R.    G.    Sherwood.      (3)      Oct.    • 
Electrolytic  Recovery  of  Lead  from  Brine  Leaches.*      C.  E.  Sims  and  O.  C.  Ralston. 

(Paper   read    before   the   Am.    Electrochemical    Soc.)       (105)      Oct.    1. 
Note   on   the  Occurrence  and   Significance  of  Twinned   Crystals   in    Electrolytic   Cop- 
per.*     H.    S.    Rawdon.      (Paper    read   before    the   Am.    Inst,    of    Metals.)       (105) 

Oct.   1. 
Production   of   Sound    Steel    Ingots.*      (20)      Oct.    5. 
Notes  on  Flotation   in  the  Southwest.*      L.  C.   Penhoel.      (82)      Oct.   7. 
Blast-Furnace   Slag    Shells.      Curtis    Pigott.      (16)      Oct.    7. 
Blast   vs.    Reverberatory  Furnace.      B.    Magnus.      (16)      Oct.    7. 
Changes    in    Smelting   Practice    of   Anaconda    Copper    Mining   Co.*      Frederick   Laist. 

(16)      Oct.    7. 
Combining    Graphite    with    Alloy    in    the    Manufacture    of    Self-Lubricating    Metal.* 

Raymond    Francis    Yates.      (46)      Oct.    7. 
Comments  and  Speculations  on  the  Metallurgy  of  Zinc*      (16)      Oct.   7. 
Donora  Zinc  Works.*      W.  R.   Ingalls.      (16)      Oct.   7. 
Landers  Mercury  Furnace.*      (16)      Oct.  7. 
Late   Blast   Furnace   Designs.*      (16)      Oct.    7. 

Lead-Smelting    Practice    in    the    United    States.*      A.    S.    Dwight.      (16)      Oct.    7. 
Metallurgical      Calculations      as      Affecting      Mine      Valuation.      B.      Magnus.      (16) 

Oct.    7. 
Metallurgical  Works  Tramways.*      W.  C.  Capron  and  C.  R.  Kuzell.      (16)      Oct.   7. 
Regulation  of  Blast  Furnace   F^eeding.*      L.   D.   Anderson.       (16)      Oct.    7. 
The  Separation  of  Galena  from  Blende  by  the  Horwood  Process  of  Flotation.      Allan 

D.   Rain.      (Abstract  from  Teniente   Tojncs.)       (103)      Oct.   7. 
Slag  Lining  for  Launders.*      W.  A.  Leddell.      (16)      Oct.   7. 
Smelting  of  Mercury  Ores.*      W.  H.  Landers.      (16)      Oct.  7. 
Tuyere    Connections    for    Copper    and    Lead    Blast    Furnaces.*      R.    H.    Vail.      (16) 

Oct.   7. 
Van  Buren  Smelting  Plant.*      F.  W.  Bocking.      (16)      Oct.  7. 
Wedge  Roasting  Furnaces  for  Lead  Matte  and  Zinc  Ores.*      (16)      Oct.  7. 
Chrome — Nickel   Iron  and  Steel  Products.      Leonard  Waldo.      (20)      Oct.   12. 
Reclamation  of  Brass  Ashes.*      A.  F.  Taggart.      (Abstract  of  paper  read  before  the 

Amer.   Inst,  of  Metals.)       (20)      Oct.   12. 
The  Ideal  Electric  Furnace  for  the  Steel  Foundry.*      F.   J.  Ryan,   E.   E.   McKee  and 

W.  D.  Walker.      (Abstract  of  paper  read  before  the  Am.  Foundrymen's  Assoc.) 

(47)      Oct.   13. 
Separating  Metals  from  Flue   and  Bag  House  Dust.*      (82)      Oct.  14. 
Flotation   in   the   Clifton-Morenci   District.    Arizona.*      David    Cole.      (103)      Oct.    14. 
Robbins  Barrel  Amalgamator.*      (16)      Oct.  14. 
Electrolytic  Zinc   Dust.     H.  J.  Morgan   and   O.   C.   Ralston.      (Paper  read  before  the 

Am.  Electrochemical  Soc.)       (105)      Oct.  15. 
High    Temperature    Heat    Developed     During     Electrolysis.      Carl     Hering.      (Paper 

read  before  the  Amer.  Electrochemical  Soc.)       M05)      Oct.  15. 
Chart  for  Flotation  Testing.*      L.   B.  Pringle.      (16)      Oct.   21. 
Old  Dominion  Operations,  Globe,  Arizona.*      (16)      Oct.  21. 
Concentrating    Tungsten    Ores,     Boulder    County,     Colorado.*      W.     A.     Scott.      (82) 

Oct.    21. 
The  Roasting  of  Blendes.     Maurice  V.  M.  de  Lummen.      (16)      Oct.  21. 
The  Stoddard  Mill,  a  Copper  Concentrator.*      C.  B.  Clyne.      (103)      Oct.   21. 
Continuous    Counter   Current   Agitation    and   Decantation.*      C.    F.    Spaulding.      (82) 

Oct.    28. 

*  Illustrated. 
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Metallurgrical— (Continued). 

Flotation  at  the  Florcn.o  Goldfield  Mill.*      H.  B.  Clapp.      (103)      Oct.  28. 

Flotation  at  the  Mt.  Morgan  Mine,  Queensland.*  W.  Shellshear.  (82)  Oct.  28  :  (16) 
Oct.  21. 

Will  Electric  Welding  Supplant  Riveting  in  Fabricating  Structural  Steel.  G.  C. 
Hinckley.       (14)      Oct.    28. 

Influence  du  Temps  de  Chauffage  Avant  la  Trempe  sur  les  R6sultats  de  Cette  Opera- 
tion.*     Albert    Portevin.      (93)      Jan. 

Exanien  des  Metaux  par  les  Rayons.*      H.  Pilon.      (93)      Jan. 

Military. 

Sanitation  Problems  in  Civil  Areas  near  Temporary  Military  Camps.  G.  B.  Hartfree. 
(114)      Sept. 

The  Big  Guns  in  the  War,  the  New  Artillery  Now  Being  Used  by  the  Allies.*  (19) 
Sept.  16. 

Machine  Guns.  Their  History  and  Construction.*  (From  London  Times  Engineer- 
ing Supplement.)      (19)      Sept.  23. 

Aeronautics  in  the  Great  War.*      (From  La  Nature.)      (19)      Sept.  30. 

Evolution  of  the  American  Military  Rifle.*      (72)      Oct.  5. 

Sanitary  Provisions  in   Foreign  War  Field.*      John   Y.   Dunlop.      (101)      Oct.  6. 

Armored  Tractors  in  the  European  War.*      (46)      Oct.  7. 

The  Nature  of  Explosives.      (From  Nature.)      (19)      Oct.  7. 

United  States  Munitions  :  The  Springfield  Model  1903  Service  Rifle.;  General  Specifi- 
cations and   Barrel  Operations.*      (72)      Serial  beginning  Oct.   12. 

The  Evolution  of  Big  Guns.*  (From  London  Times  Engineering  Supplement.) 
(19)      Oct.  14. 

Hydrogen  for  Military  Purposes.  Edward  D.  Ardery.  (Abstract  of  paper  read 
before  the  Am.  Electrochemical  Soc.)       (19)      Oct.  21. 

Mining. 

River  Coal.*      H.   E.   Moses.      (98)      June. 

Notes  on  the  History  of  the  Safety-Lamp.*  F.  W.  Hardwick  and  L.  T.  O'Shea. 
(106)      Sept. 

Influence  of  Pressure  on  the  Electrical  Ignition  of  Methane.*  W.  M.  Thornton. 
(Paper  read  before  the  British  Assoc.)       (57)      Sept.   15. 

Mining  and  Dealing  with  Mine  Water  in  the  Buckley  Coalfield.*  William  Hop- 
wood.      (22)      Sept.    15. 

New  Pits  of  the  Carriden   Coal   Co..   Bc'ness.      (57)      Sept.   15. 

Crown  Mines  Hoist  Installation.*  F.  L.  Stone.  (Abstract  of  article  in  the  General 
Electric  Review.)       (731      Sept.  22. 

Mechanical    Coal    Stage   at   Dairycoates.*      (57)      Sept.    22. 

Stone  Dusting  in  Steam  Coal  Collieries.*  G.  D.  Budge.  (Paper  read  before  the 
South  Wales   Inst,  of  Engrs.)       (57)    Sept.   22;    (22)    Sept.   29. 

Economical  System  of  Mining.*      R.  J.   Sampson.      (45">      Sept.  23. 

First  Large  Borehole.      E.   B.   Wilson.      (45)      Sept.   23. 

Leadville   Pumping   and   Drainage   Project.*      W.   A.    Scott.      (82)      Sept.    23. 

Use  of  Squibs  vs.  Fuses.  (Abstract  from  Report  of  British  Departmental  Com- 
mittee.)      (45)      Sept.    23. 

Atmospheric   Problem   in   the  Deepest  Mines.      G.  Chambers.      (821      Sept.   30. 

Getting  Clean  Coal.  T.  G.  Fear.  (Paper  read  before  the  Alabama  Coal  Operators' 
Assoc.)       (45)      Sept.   30. 

Lakeview   Mine.   Utah.*      D.  W.   Jessup.      (16)      Sept.   30. 

Mining  Situation   in   South  Africa.      (16)      Sept.   30. 

Prominent  Mines  of  Junin,  Peru.*  J.  E.  Singewald  and  B.  L.  Miller.  (16) 
Sept.    30. 

Shaft-Timbering   Examples.*      A.    E.    Hall.      (16)      Sept.    30. 

Actual  Costs  of  Mine  Haulaga  by  Horses  and  by  Compressed  Air.  Ravul  Green. 
(82)      Oct.    7, 

Actual  Worth  of  Oxygen   Breathing  Apparatus.      Thomas   Jeremiah.      (45)      Oct.   7. 

Care  of  Eyes  at  Mine  Plants.      (45)      Oct.  7. 

Concreting  the  Sacramento  Shaft  at  Bi«bec.      (103)      Oct.  7. 

Improvement    in    Carbide    Lamp.*      (45)      Oct.    7. 

Keystone  Coal  and  Coke  Co.'s  Fifth  Annual  First-Aid  Meet.*      (45)      Oct.   7. 

Roosevelt  Tunnel  and  Cripple  Creek  Mine  Operations.*      W.  A.   Scott.      (82)      Oct.  7. 

Safety  Switch.      (45)      Oct.  7. 

Sprinkling    Car    for    Mine    Use.*      F.    F.    .Jorgensen.       (45)      Oct.    7. 

Washington    State   Meet.      (Mine    Rescue.)       (45)      Oct.    7. 

A  Te.st  for  Detonators.*      (12)      Oct.  13. 

Electric   Safety  Lamp.*      Richard  Koch.      (45)      Oct.   7. 

Electricity   in   Coal   Mining.     C.   B.   Davis.      (45)      Oct.    14. 

Electric   Mine    Haulage.*      C.   M.    Means.      (45)      Oct.    14. 

Exploratory    Borehole.*      James    Steelman.      (45)      Oct.    14. 

Mining  Thin   Coal   Beds  with   Air-Punchers.*      S.  W.   Symons.      (45)      Oct.   14. 

*  Illustrated. 
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Mining'  (Continued). 

Re-Timbering  a  Four-Compartment  Shaft.*      H.   G.  Tbiele.      (103)      Oct.  14. 

Revision  of  the  Mining  Law.      (16)      Oct.  14. 

I'nilergrouhd   Mine   Rescue  Car.*      Gaston   Libiez.      (45)      Oct.   14. 

Cost  Data  on  Hydraulicking.      (86)      Oct.  18. 

Thawing  Explosives.      (Abstract  of  Report  on  Mining  Operations  In  Quebec.)       (96) 

Oct.    19. 
Coal-.\Iine   Fires.*      R.   V.   Norris.      (45)      Oct.   21. 
How     Mine     Safety    Is    Increased    by    Compensation     Laws.      H.     M.     Wilson.      (45) 

Oct.    21. 
The  Chcmistrv  of  Mine  Water.*      C.   M.   Young.      (45)      Oct.   28. 
Potash   in    Salduro   Salt    Deposit.      Hoyt   S.    Gale.      (16)      Oct.    28. 

Miscellaneous. 

Logarithmic    Plotting    of    Alignment    Charts    for    Additive    Expressions.*      C.    E.    P. 

Sankey.       (63)      Vol.  201. 
Flame    and    Flameless    Combustion.     William    A.    Bone.      (Abstract    of    paper    read 

before   the   British   Assoc.)       (66)      Sept.   12. 
Human     Engineering,     Welfare     or     Fellowship     Work     in     Manufacturing     Plants.* 

Arthur  T.   Morey.      (Paper  read  before  the  Lewis   Institute.)       (18)      Oct.   14. 
Limit  Gauges.*      R.   T.   Glazebrook.      (Paper   read  before   the   British  Assoc.)       (47) 

Serial   beginning  Sept.    15. 
Everett   Pulp    and    Paper   Company's    Plant.*      L.    B.    Childs.      (Ill)      Sept.    23. 
Tests  of  Street   Illumination.*      Preston   S.    Millar.      (Abstract  of   paper   read   before 

the   Am.    Illuminating   Soc.)       (66)      Sept.    26. 
Cost  Ktcping  System  for  Building  Contractors.*      D.  B.  Duncan.      (86)        Sept.  27. 
First    Regular   Examinations   for   Licensing    Structural    Engineers    in    Illinois.      (86) 

Sept.    30. 
How    Graphic    Control    Facilitates    the    Fixing    of    Profits.*      D.    T.    Farnham.      (9) 

Oct. 
Synthetic   Costs.     J.    K.   Mason.      (9)      Oct. 

Relation  of  Pure  Science  to  Industrial  Research.      J.  J.  Carty.      (42)      Oct. 
Thermal   and   Pressure   Decomposition   of  a   Naphthene   Base   Oil   in   the   Gas   Phase. 

Gustav   Egloff,   J.   T.   Twomey  and   R.   J.   Moore.      (105)      Oct.   1. 
The  Metric   System.      Arthur  J.   Price.      (104)      Oct.   6. 
Developing  New  Lines  of  Product.      A.  G.  Popcke.      (72)      Oct.   12. 
Vibrations,   Waves  and   Resonance.      J.   E.   Erskine-Murray.      (29)      Serial  beginning 

Oct.    13. 
Good  Lighting.      P.   G.    Nutting.      (Paper   read  before  the   National   Commercial   Gas 

Assoc.)       (19)      Oct.    14. 
Commission  Valuation   for  Rate  Purposes.*      J.  E.  Benton.      (Abstract  of  paper  read 

before   the   Am.   Elec.    Ry.   Assoc.)       (17)      Oct.   14. 
Accounting   Inconsistencies   and   Fallacies.*      H.   A.   Dunn.      (Abstract   of  paper   read 

before   the  Am.   Elec.   Ry.   Assoc.)       (17)      Oct.    14. 
Nitrogen   and   Nitrates  from   Bituminous  Coal.      C.  G.   Atwater.      (Paper  road  before 

the  Am.   Chem.    Soc.)       (83)      Oct.   16. 
Timekeeping   in   Shipyards.*      R.   D.   Gatewood.      (72)      Oct.   19. 
Structural  Engineers'  License  Law  of  the  State  of  Illinois.      (86)      Oct.  25. 
An    Attempt   to    Standardize    Valuation    Terms.      (Report   of    Committee    of   the    Am. 

Elec.    Ry.   Assoc.)       (13)      Oct.    26. 

Municipal. 

The  City    Manager,   a   New   Opportunity   for   Engineers.     Gaylord   C.    Cummin.      (4) 

Sept. 
Municipal  Works  of  St.  Anne's-On-The-Sea.*      J.   S.   Sawdon.      (114)      Sept. 
Fundamental   and   Economic   Considerations   in   Relation   to   Town   Planning.     W.    R. 

Young.      (114)      Sept. 
Maintenance   of  Sheet   Pavements.      J.   L.   Laxton.      (115)      Sept.-Oct. 
Effects    of    Exposure    on    Tar    Products.*      C.    S.    Reeve    and    B.    A.    Anderton.      (3) 

Oct. 
City   Replanning   in    Duluth.*      W.    B.    Patten.      (13)      Oct.   5. 
Opportunities   in   Town   Planning.      J.   W.   Cockrill.      (Abstract   of   paper  read  before 

the  Town   Planning   Institute.)       (104)      Oct.   13. 
Asphaltic-Concrete  Paving  at  Oak  Park,  111.      (13)      Oct.  26. 
L'Extension  de  la  Ville  de   Paris,   Historique  ;    Projets  d'Extension  Methodique.*      P. 

Calfas.      (.33)      Serial   beginning   Sept.   30. 

Railroads. 

Electric  Locomotive.*      F.  W.  Carter.      (63)      Vol.  201. 

Some   Causes   of   Rail-Failure.      W.    C.    Gushing.      (63)      Vol.    201. 

Notes  on   the   Improvement   in  the  Ventilation  of  Woodhead  Tunnels,   Great  Central 

Railway.*      J.    B.   Ball.      (63)      Vol.   201. 
Care  of  Locomotives  with  Relation  to   Fuel  Economy.      A.   N.  Willsie.      (Paper   read 

before  the  Inter.  Ry.  Fuel  Assoc.)       (47)      Sept.  15. 

*  Illustrated. 
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Railroads— (Continued), 

90-In.   Lathe   for   Locomotive   Driving- Wheels.*      (11)      Sept.    22. 

The   Warminster    Collision.*      (12)      Sept.    22. 

An  Interesting  Car  Repair  Shed  at  Memphis,  Tenn.*      (15)      Sept.  29. 

British   Built  Passenger  Locomotives  for   French   State  Railways.*      (12)      Sept.    29. 

Machines   for   Breaking  and   Punching   Kails.      (11)      Sept.   29. 

National    Car    Door.*      (15)      Sept.    29. 

New  Rail  Mill  of  the  Carnegie  Steel  Company  at  Bessemer,   Pa.      (15)      Sept.   29. 

Caboose  for  the  N.,   C.   &  St.   L.*      (25)      Oct. 

Car  and  Locomotive  Painters.      (From  reports  of  the  Annual  Meeting  of  the  Master 

Car  and   IX)comotive   Painters'   Asi-oc.)       (25)      Oct. 
Experimental  Track  in  Holland.*      K.  Den  Tex.      (87)      Oct. 
Fitting    Up    Shoes    and    Wedges.*      W.    E.    Warner.      (Paper    read    before    the    Inter. 

Ry.    Gen.    Foremen's   Assoc.)       (25)      Oct. 
Gage  for  Checking  the  Location  of  Wheels  on  the  Axle.*      Howard  W.   Strull.      (25) 

Oct. 
Handling  Track  in  a  Gravel  Pit.*      K.  L.  Van  Auken.      (87)      Oct. 
How  an   Industry   Trains   its   Men.*      C.    O.    Price.      (9)      Oct. 
Locomotive   Counterbalances.      H.    E.    Warner.       (Paper    read   before   the    Inter.    Ry. 

Gen.   Foremen's   Assoc.)       (25)      Oct. 
Maintenance   of   Insulated    Rail    Joints.      E.   F.    Schermerhorn.      (87)      Oct. 
Present  Day  Locomotive  Problems.      G.  M.   Basford.      (25)    Oct.;    (15)    Sept.   29. 
Reclamation  on  the  Rock  Island.*      J.  G.  Kirk.      (87)   Oct.;    (15)    Oct.   6. 
Steam  Railroad  Electrification.*      W.   H.   Thompson.      (2)      Oct. 

Vital   Relation  of  Train  Control   to  the  Value  of  Steam  and  Electric  Railway   Prop- 
erties.*     W.  V.  Turner.      (3)      Oct. 
East   River   Tunnel    Surveys.*      C.   M.   Holland.      (13)      Oct.    5. 

New  Methods  and  Progress  on  Twin  Peaks  Tunnel.*      A.  J.  Cleary.      (13)      Oct.  5. 
Survey    Routine    in    Shore   Tunnel,    Milwaukee.      (13)      Oct.    5. 
Waterproof  Coal   Pits   and  Fireproof  Ashpits.*      (13)      Oct.   5. 
Is  Government  Ownership   in  Canada  a  Failure.     J.   L.   Payne.      (15)      Oct.  6. 
Hopper  Car  of   200  000   Lb.    Capacity.*      (15)      Oct.    6. 
Steam   Storage   Industrial  Locomotives.*      (15)      Oct.   6. 
Classification    of    Locomotive    Repairs.      C.    S.    Williams.      (Paper    read    before    the 

Inter.    Ry.   General   Foremen's   Assoc.)       (18)      Oct.    7. 
Combination  Sleet  Cutter  and  Current  Collector.*      J.  B.  Blalklock.      (17)      Oct.  7. 
D.  C.   Regenerative  Locomotive  on  the  Lake  Erie  and  Northern.*      C.  C.  Whittaker. 

(17)      Oct.    7. 
Heavy  Freight  Locomotives,  Duluth,  Missabe  &  Northern  Ry.*      (18)      Oct.   7. 
New  Standards  in  Passenger  Car  Construction,  the  Pullman  Co.*      (18)      Oct.  7. 
Shockless  Crossing  Now  Equipped  for  Automatic  Operation.*      (17)      Oct.   7. 
New  Line  of  Union  Pacific  R.  R.  Through  Echo  Canyon,  Utah.      (13)      Oct.   12. 
Tunnel   Grouting  with   Pumps.*      L.   G.  Warren.      (13)      Oct.   12. 
Why  the  Intercolonial  Railway  is  a  Failure.      Samuel  O.  Dunn.      (15)      Oct.   13. 
The   Increases   in   Prices   of   Railway   Material.      (15)      Oct.   13. 
Terminal   Signaling  with  45   Seconds  Headway.*      (15)      Oct.   13. 
New  Train   Ferry   for   New  Orleans.*      (12)      Oct.   13. 
Overhead    Charges    in    Valuation    Work.*      P.    J.    Kealy.      (Abstract    of    paper    read 

before  the  Am.   Elec.   Ry.   Assoc.)       (17)      Oct.   14. 
Safeguards   Used  on   Machine   and   Wood-Working  Tools   at  the   Shops   of  the   Queen 

&   Crescent    Route,    Somerset,    Ky.*      (18)      Oct.    14. 
Safety    First    on    the    Baltimore    &    Ohio    R.    R.*      J.    Hampton    Baumgartner.      (18) 

Oct.  14. 
An    Economical   Device   for    Spreading   Rock   or   Gravel    Ballast.      Clifford   A.    Elliott. 

(86)      Oct.    18. 
Arrangement   for   Varying  Level    of    Rail    at   Turntable.*      (86)      Oct.    18. 
Material   Yards   on   Railroad   Construction   Work.      (86)      Oct.    18. 
Device    To     Prevent    Blowouts      in      Shield     Tunneling.*      F.    D.     Leffingwell.      (13) 

Oct.    19. 
Experimental    Rail   Fastenings.*      (13),     Oct.    19. 
Locomotive  Fuel  EJconomy  and  Boiler  Design.*      .1.  T.  Anthony.      (Paper  read  before 

the   New   England    R.    R.    Club.)       (15)      Oct.    20. 
Railroad  Tax  Assessments  on  Ba.=  is  of  Earnings.      S.  G.  Cramp.      (Paper  read  before 

the   Railway   Real   Estate  Assoc.)       (15)      Oct.    20. 
Valuation   of   Right   of  Way.      James   P.    Nelson.      (Paper   read   before   the   Ry.    Real 

Estate    Assoc.)       (15)      Oct.    20. 
Mechanical    and    Electrical    Features    of   the    C,    M.    &    St.    P.    Locomotives.*      (17) 

Oct.    21. 
New  Passenger  Station  at  Quebec,  Canadian  Pacific  Ry.*      (18)      Oct.  21. 
The    Prevention    of   Accidents.      R.    C.    Richards.      (Paper    read    before    the    National 

Safety    Congress.)       (18)      Oct.    21. 
The  Safety  Movement  on  the  Norfolk  &  Western  Ry.*      (18)      Oct.   21. 
Design  and  Construction  of  the  Unit-Built   Reinforced   Concrete   Train   Sheds  of  the 

Denver  Union  Station.*      Albert  M.  Wolf.      (86)      Oct.  25. 
Long  Pill   Built  from   Borrow.*      (13)      Oct.   26. 


Illustrated. 
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Railroads— (Continued) . 

Passenger   Stations   of   Moderate   Size.      (Discussion   before   the   Bridge   and   Building 

Assoc.)       (IS)      Oct.   27. 
Railroad    Shop,    Engine    House    and    Freight   House    Floors.      (Discussion    before    the 

Bridge  and   Building  Assoc.)       (15)      Oct.   27. 
Decauville  Locomotives   for  Light   Service.      (18)      Oct.   28. 
Firebox  Efficiency.      .1.  T.  Anthony.      (Paper  read  before  the  Richmond  R.  R.  Club.) 

(18)      Oct.    2S. 
Men    Cheaper    than    Machines    on    Trunk-Line    Railway     Construction     in     China.* 

E.   Park.      (14)      Oct.   28. 
What  Effect  Does  the   Mechanical   Placing  of  Fuel   in  Fireboxes   and  Lubrication  of 

Locomotives    Have    on    the   Cost   of    Operation?      (Report    of    Committee    of    the 

Traveling   Engrs.   Assoc.)       (18)      Oct.   28. 
Principles  of   Reclamation.*      J.   G.   Talbot.      (87)      Nov. 
Santa  Fe  Scrap  Yard.*      Andrew  Graham.      (87)      Nov. 
Die    federnden   Zahnrader   der   Lotschberg   Lokomotiven,    Typ    1-E-l.*      W.    Kummer. 

(107)      Sept.   30. 

Railroads,  Street. 

•Electrical   Railways".      H.    M.   Hobart.      (63)      Vol.   201. 

Utilization   of  Tramways   for   Goods   Traffic.     G.   W.   Holtord    and   W.   Clough.      (73) 

Sept.   29. 
Some    Notes    on    Transportation    in    Large    Cities.      J.    M.    McElroy.      (Abstract    of 

paper  read  before  the  Municipal  Tramways  Assoc.)       (26)      Sept.   29. 
Boston  Elevated  Seeks  Financial  Relief.      (17)      Sept.  30. 
Car    Body    From    an    Operating    Standpoint.*      (17)      Sept.    30. 
Construction   Materials   and   Framing   Design.*      (17)      Sept.    30. 
Control   Systems   and  Wiring  for   Railway   Motors.*      (17)      Sept.   30. 
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How    the    Passengers     Regulate    the     Subway     Brakes.*      Herbert    T.     Wade.      (46) 
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Motor  Vehicle  Accidents  and  Traffic  Regulation.      (Collision  of  Street  Cars.)      H.   G. 
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Cost  Data  on   1  170    Sq.   Yd.   of  Asphaltic   Macadam  by  Day  Labor  at  Waynesboro, 
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•  Illustrated. 
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Sanitation. 
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Oct.   26. 
Nitrogen    from   Sewage   Sludge,    Plain    and    Activated.      William    R.    Copeland.      (96) 

Oct.    26;     (13)      Oct.    5. 
Sewage  Works  and  Outfall   for  Lakewood,   Ohio.*      (13)      Oct.   26. 

Structural. 

Corrosion    in    a    Steel    Gasholder    Tank.      William    Wilson.      (Paper    read    before    the 

North  Brit.  Assoc,  of  Gas  Mgrs.)       (66)      Sept.   12. 
Brackets   on    Stanchions.*      W.   T.    S.    Butlin.      (li)      bept.    15. 

Principle  of   Similitude   in   Engineering   Design.      T.   E.    Stanton.      (11)      Sept.   15. 
The   Decay    of    Metals.    Cecil    H.    Desch.       (From    Transactions,    Inst,    of   Engrs.    and 

Shipbuilders   in   Scotland.)       (19)      Sept.   16. 
Concrete   Equivalents  for  Steel   Beams.      G.  A.   Merrill.      (86)      Sept.   27. 
Economic   Design   of   Pile  Foundations.*      C.   E.   Anderson.      (86)      Sept.    27. 
Flexible  Mat  System  of  Centering.*      (86)      Sept.  27. 
Investigation    of    Composition    Flooring.      R.    R.    Shively.      (Paper    read    before    the 

Amer.    Chem.    Soc.)       (86)      Sept.    27. 
Mastic   Floors   for   Industrial   Buildings.*      (86)      Sept.   27. 

Methods  of  Making  Closure  in  Steel  Sheet  Piling.*      S.  A.  Swanson.      (86)      Sept.  27. 
New   Form   of    Pneumatic   Concrete   Mixing    Machine.      (86)      Sept.    27. 
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Construction   of   Concrete   Porch  Floors   and   Steps.      (67)      Serial   beginning   Oct. 
Some   Aspects   of   the   Testing   of   Refractories.      A.    V.    Bleininger.      (58)      Oct. 
Conveying  Concrete  by  Co'mpressed  Air.*      J.   F.   Springer.      (108)      Oct. 
Groined  Arch   as   a  Means  of  Concrete  Floor  Construction.*      H.   W.   Brown.      (109) 

Oct. 
Modern  Hydrated  Lime  Plant.*      (67)      Oct. 

Another  Reinforced  Concrete   Patent  Decision.      Edward  Godfrey.      (13)      Oct.    5. 
Capitol    Terraces    at   Last   Made   Waterproof.*      (13)      Oct.    5. 
Industrial   Applications  of  Zinc.      Ernest  A.  Smith.      (Abstract  of  paper   read  before 

the    Inst,   of   Metals.)       (47)      Oct.    6. 
Report  of  Committee  of  the  Railway  Fire  Protection  Association  on  Fire  Prevention 

and  Protection   at  Grain   Elevators.      (IS)      Oct.   6. 
Building  Foundations    150   Feet   Under   Scranton   Armory.*      (13)      Oct.    12. 
Electrolysis    in    Underground    Pipes.       (Abstract    from    Report    of   the   U.    S.    Bureau 

of  Standards.)       (96)      Oct.   12. 
Cantilever    Grandstand    Roof   with    Tension    in    Posts.*      (13)      Oct.    12. 
Stirrup   Spacing   Diagrams.*      F.    S.   Bailey.      (13)      Oct.   12. 

*  Illustrated. 
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Structural— (Continued). 

Observations    Upon    the    Atmospheric    Corrosion    of    Commercial    Sheet    Iron.      E.    A. 

Ric-hardson  and  L.  T.  Richardson.      (Paper  read  before  the  Am.  Electrochemical 

Soc.)       (105)      Oct.    15. 
Tearing  Down  an  Old  Concrete  Ice  Factory.*      A.  G.  Hoadley.      (13)      Oct.  19. 
The   United   States  Forest   Products  Laboratory.*      (15)      Oct.    20. 
Cost  of  Coating  Coal   Bunkers  with  a  Cement  Gun.*      (86)      Oct.   25. 
The   Design  of  Steel   Stacks.*      W.  A.  Hitchcock.      (Abstract  from  Journal,  Univ.   of 

Colorado.)       (86)      Oct.  25. 
Making  Pile  Tests  for  the  New  Chicago  Railway  Station.      (13)      Oct.   26. 
Placing  a  Steel   Frame  in   an   Old  Wall-Bearing  Building.*      (13)      Oct.   26. 
Tower  Derricks  for  Erecting  Steel  Frames.*      (13)      Oct.  26. 
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Use  Galvanized  Corrugated  Steel  and  Concrete  Fence.*      (14)      Oct.   28. 
Handling   Creosoted    Timber.      (Discussion    before   the    Bridge    and    Building   Assoc.) 

(15)      Oct.   27. 
Methods    of    Driving    Piles.      (Discussion    before    the    Bridge    and    Building    Assoc.) 

(15)      Oct.    27. 
Modern   Comfort   Station    in    Small   Town    Park.*      (101)      Oct.    27. 
New  Gas   OfBce  in   San  Francisco.*      (83)      Nov.   1. 

Topographical. 

Surveying  Past  and  Present.      Edward  A.  Reeves.      (29)      Serial  beginning  Sept.  15. 
Land  Surveying   in   Texas.*      J.   M.  Howe.      (13)      Oct.   19. 

A    Graphic     Method     for    Correcting    Steel    Tapes.*      "Walter     Scott    Weeks.      (103) 
Oct.   28. 

Water  Supply. 

Design    and    Erection    of    a   Water-Tower,    St.    George's    Hills,    Surrey.*      A.    T.    Hill. 

(63)      Vol.    201. 
Theory  and  Practice   in  the  Filtration  of  Water.*      Walter  Clemence.      (75)      May. 
Toronto's    Mechanical    Filtration    Plant.*      (96)      Sept.    14. 
Rainfall    and   Agricultural    Power   Use.*      S.    B.    Shaw.      (Ill)      Sept.    23. 
Plans  and  Records  of  Water  Distribution   Systems.     William  P.  Walker.      (Abstract 

of  paper  read  before  the   Inst,  of  Water  Engrs.)       (66)      Sept.   26. 
Water     Department     Organization     and     Management     Under     Municipal     Control.* 

H.  A.  Whitney.      (96)      Sept.   28. 
Power  and  Irrigation  Project  for  the  Big  Horn  Canyon.*      (18)      Sept.  30. 
Conveyance  of  Water  in  Open  Channels.*      (Ill)      Sept.  30. 
The   Halsey    and   Wise    Plants.*      Robert    Sibley.      (HI)      Sept.    30. 
Darnall  Siphon  Filter.*      (16)      Sept.  30. 

Reinforced-Concrete  Tower  Tank  172  Feet  High.      G.   A.   Sampson.      (67)      Oct. 
The    Austin    Dam,    Waterproofing    the    Rock    Foundation.      Frank    S.    Taylor.      (60) 

Oct. 
Selection    of   Culvert   Pipes.      L.    W.    Duffee.      (87)      Oct. 
Relining  a  Leaky  Reservoir  at  Omaha,  Neb.*      (13)      Oct.   5. 
Standard   Water-Rate   Forms   Adopted   in    Montana.      (13)      Oct.    5. 
Water  Powers  of  New  Brunswick  and  Prince  Edward  Island.*      K.  H.   Smith.      (96) 

Oct.  5. 
Design   of   Small    Lined    Canals.      (HI)      Oct.    7. 
Adaptation  of  Flour  and  Feed  Blending  Machine  to  Coagulants.*      W.  T.  McClenahan. 

(86)      Oct.   11. 
Change    in   Area   of  Croton   Watershed.      (86)      Oct.   11. 
Cost   and    Use   of    Chemicals   at    Purification    Plant   of    St.    Louis,    Mo.      E.    E.    Wall. 

(From  Annual   Report   of  Water  Commissioner.)       (86)      Oct.   11. 
Meter    Installation    at   Wilmington,    Del.*      (86)      Oct.    11. 
Method   of   Tapping   a    6-Ft.    Main    Into    Concrete   and    Steel    Shaft    Under    Pressure. 

James    Skelton.      (86)      Oct.    11. 
Operating  Cost  of  Certain  Rapid  Sand  Filter  Plants.      (86)      Oct.  11. 
Some   Data   on    the  Operation   of   the    Puriflcation    Plant  of  Wilmington,    Del.      (86) 

Oct.    11. 
Combination  Standpipes  and  Elevated  Water  Tanks.*      (13)      Oct.  12. 
New  Method  of  Deriving  Weir  Formulas.*      T.  R.  Running.      (13)      Oct.   12. 
New  Winnipeg  Aqueduct  Cracks  from  Foundation   Settlement.      (13)      Oct.   12. 
Report  on  Water  Supply  for  Hamilton.      James  Milne.      (Abstract  from   report   read 

before  Board  of  Control  and  Water  Works  Committee.)       (96)      Oct.   12. 
The  Harnessing  of  the  Winnipeg   River.*      (11)      Serial   beginning  Oct.    13. 
The    Water    Supply    of    London.      (12)      Oct.    13. 

The  Selection  of  Centrifugal  Pumps.*      D.  McEoceid.      (12)      Oct.  13. 
Characteristics    of    Irrigation    Load    on    Pacific    Gas    and    Electric    Co.'s    System.* 

P.  C.  Piatt.      (Ill)      Oct.  14. 
Hydroelectric    Development    in    New    Zealand.      (Ill)      Oct.    14. 
Remarkable  Metal  Flumes  Built  in  the  West.*      (82)      Oct.  14. 
Specifications    for   Single   and   Multiple    Effect   Evaporators.     Otto    Mantius.      (Paper 

read   before  the  Amer.   Chem.    Soc.)      (105)      Oct.    15. 

*  Illustrated. 
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Water  Supply— (Continued). 

Cleveland   Water   Supply   To    Be   Purified   and    Softened.*      (13)      Oct.    19. 

Bear    River    Canal.       (For    Water    Power.)*       Robert    Sibley.      (Ill)      Oct.    21. 

Connecting  Narrows  Siphon  to   Staten   Island  Mains.*      (13)      Oct.   26. 

Dam  Fails   for  Third   Time  at   Schenectady.*      (13)      Oct.    26. 

Effect  of  Seasonal   Rainfall   on    Annual   Runoff.      James   P.  Wells.      (13)      Oct.   26. 

Tunnel-Concreting  Methods.      L.   G.   Warren.      (13)      Oct.  26. 

Water   Lifts   Sand   to   Filters   from   Railway   Cars.     (For   Water   Supply.)*      William 

Gore.      (13)      Oct.    26. 
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Experiences    in   Tuning   up   St.   Louis    Filters    Indicate   What   Will    not   Work.      (14) 

Oct.  28. 
Puddling   and   Rolling   to   Assure   Impervious   Foundation    for    Keechelus    Reservoir.* 

C.   E.   Crownover.      (14)      Oct.   28. 
Water    Basin    for    City    of    Omaha   Constructed    by    Day    Labor,    Using    New    Special 

Devices.*      Homer  V.  Knouse.      (14)      Oct.   28. 
Les  Barrages  et  I'Usine  Hydro-Blectrique  d'Aelfkarleby    (Sufide).*      (33)      Sept.   23. 

Waterways. 

Galvan    Port,    Bahia    Blanca,    Argentine.      C.    A.    Trery.      (63)      Vol.    201. 

Harbor  and  Coast-Defense  Works  at  Alexandria,   Egypt.      D.  E.  Lloyd-Davies.      (63) 

Vol.    201. 
The  Punjab  Triple  Canal   System.*      John  Benton.      (63)      Vol.   201! 
Two   More   Types  of   Dredgers.*      (12)      Sept.   15. 
New   Government   Dry   Dock  at  Norfolk,   Va.      (86)      Sept.   27. 
Enlarging   Portland  Canal.*      (108)      Oct. 

Canadian  Terminal  Harbors  on  the  Great  Lakes.*      F.  W.  Cowie.      (96)      Oct.  12. 
Drill   Barge  on  Canal  Work  in  the  Everglades.*      C.   C.   Phelps.      (13)      Oct.   12. 
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The  Cost  of  Lighterage  across  the  Hudson  River.      (86)      Oct.  18. 
Methods    for    Determining    Subsidence    and    Shrinkage    in    Earthen     Embankment.* 

(86)      Oct.   18. 
Contractors'   Methods   on   Welland   Ship   Canal  Work  Present   Interesting  Variations. 

(14)      Oct.    21. 
Manitoba    Hydrometric    Survey.*      (96)      Oct.    26. 
Reinforced    Concrete    Drift    Catcher    at    Erie,    Penn.*      Theodore    E.    Seelye.      (13) 

Oct.  26. 
New  York  Barge  Canal  is  in  Partial  Operation.*      (14)      Oct.  28. 
Les    Ports    francais    et    la    Guerre;    La    Rochelle-La    Pallice.*      Auguste    Pawlowski. 

(33)      Oct.    7. 
Der    Marjelen-See     un     seine     Abflussverhaltnisse.*      O.     Liitschg     and     Hans     Roth. 

(107)      Serial   beginning   Sept.   23. 

*  Illustrated. 
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Synopsis. 
In  this  paper  attention  is  called  to  the  fact  that,  in  the  extensive 
valuation  work  which  has  been  carried  on  by  engineers  in  late  years, 
the  item  of  land  in  an  inventory  has  been  turned  over  to  real  estate 
dealers.  The  contention  is  then  made  that,  even  where  the  services  of 
reliable  and  well-informed  dealers  are  secured,  their  appraisals  are  not 
entirely  satisfactory,  and  that  it  is  well  withip  the  province  of  the 
engineer  to  check  the  values  submitted  to  him,  or  even  to  make  the 
determination  of  land  values  himself. 

After  some  discussion  of  this  point,  there  follows  an  exposition  of 
the  methods  and  procedure  to  be  used  in  valuing  land,  a  brief  outline 
of  which  is  as  follows : 

The  principles  of  land  values; 

Sources  of  data  regarding  land  valuds; 

Method  of  utilizing  the  data; 

Rules  for  long  and  short  lots; 

Corner  lot  rules ; 

Plottage ; 

The  cost  of  acquiring  land; 

Values  based  on  special  utilization ; 

The  valuation  of  railroad  land; 

The  cost  of  land  appraisals. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  Invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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In  recent  years  there  has  been  a  great  increase  in  the  demand  for 
valuation  of  physical  property  of  every  description.  One  great  stimulus 
has  perhaps  been  the  organization  of  public  bodies  for  the  purpose  of 
investigating  and  regulating  semi-public  corporations,  but  modern 
methods  of  accounting  and  keeping  records  are  also  an  important 
factor.  The  work  of  making  these  valuations  has  naturally  fallen  into 
the  hands  of  engineers,  owing  to  the  fact  that  they,  more  than  any  one 
else,  have  had  to  do  with  the  design,  construction,  and  in  many  cases 
the  selling,  of  the  structures  and  equipment  for  which  an  appraisal  is 
demanded.  The  various  items  of  inventory — of  which,  with  some  ex- 
ceptions, the  most  common  is  land — fall  within  the  knowledge  of  an 
electrical,  mechanical,  civil,  or  gas  engineer. 

The  item  of  land  appears  in  almost  every  inventory,  and  its  im- 
portance in  appraisal  work  may  be  seen  from  the  fact  that  its  value 
ordinarily  constitutes  from  5  to  50%  of  the  total  value  of  a  utility.  It 
is  probably  customary  for  an  engineer,  in  handling  a  valuation  proposi- 
tion, to  feel  that  the  land  is  somewhat  out  of  his  field,  and  to  turn  this 
part  of  the  work  over  to  one  or  more  real  estate  dealers.  In  this  paper 
the  contention  will  be  made  that,  even  where  the  services  of  reliable 
and  well-informed  dealers  are  secured,  their  appraisals  are  not  entirely 
satisfactory,  and  that  it  is  well  within  the  province  of  an  engineer  to 
check  the  values  submitted  to  him,  or  even  to  make  the  determination 
of  value  himself.  In  some  of  the  greater  cities  large  real  estate  offices 
maintain  highly  organized  appraisal  departments  and,  unquestionably, 
no  one  is  better  qualified  to  make  land  valuations  in  certain  territory 
Ihan  they  are,  but  it  is  held  that  in  the  country  at  large  the  average 
real  estate  dealer^'  appraisals  are  likely  to  be  in  error,  due  to  careless- 
ness, prejudice,  or  incompetence.  It  is  proposed  to  show  that  land 
values  are  fixed  by  more  or  less  definite  forces,  and  to  indicate  how,  by 
the  systematic  collection  and  application  of  data,  a  man  unfamiliar 
with  land  values,  as  a  dealer  or  even  as  a  near-by  resident,  may  obtain 
reliable  appraisals. 

The  development  of  the  methods  suggested  herein  should  be  useful, 
not  only  in  valuation  work,  but  also  in  acquiring  land  for  utilities,  and 
especially  in  cases  where  controversies  arise.  In  a  contest,  a  real  estate 
broker  testifies  that  he  has  been  a  land  dealer  for  a  certain  number  of 
years,  that  he  has  platted  and  sold  land  in  the  vicinity  of  the  tract  in 
question,  and  that  in  his  opinion  the  tract  is  worth  a  certain  sum.     In 
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some  cases  the  very  sales  he  himself  has  made  would,  if  analyzed,  dis- 
prove his  contention.  In  what  a  multitude  of  cases  have  not  city  and 
county  autliorities,  railroad  companies,  and  other  corporations  been 
forced  to  pay  exorbitant  sums  for  land  on  evidence  of  this  character! 
In  no  case  may  an  appraiser  gather  data  enough  actually  to  prove  the 
value  of  a  tract  of  land,  and  in  the  end  his  conclusions  represent  his 
opinion  only,  but  he  can  present  logical  reasons  for  his  opinion,  and 
can  generally  submit  enough  facts  to  define  a  value  within  narrow 
limits. 

In  approaching  this  subject,  it  should  be  borne  in  mind  that  land 
has  a  value  as  a  result  of  the  operation  of  definite  economic,  political, 
or  social  forces,  and  that  changes  of  value  take  place  by  reason  of 
similar  forces.  The  location  of  cities  does  not  occur  at  random,  nor 
does  their  growth  take  place  by  chance;  likewise,  the  development  of 
farming  communities  is  regulated  by  their  natural  facilities.  It  is  the 
consideration,  then,  of  the  factors  which  affect  land  vakies  to  which 
the  vrriter  will  proceed. 

Tlie  true  value  of  laud  is  the  ground  rent  capitalized.  The  ground 
rent  is  the  net  income  which  remains  after  paying  the  taxes  on  the 
land  and  the  taxes,  depreciation,  interest,  and  maintenance  on  all  im- 
provements. The  market  value  may  be  entirely  different  from  the  true 
value,  as  it  is  based,  not  only  on  the  ground  rent  capitalized,  but  on 
the  future  prospects  of  the  land's  utilization.  Farm  land  differs  from 
.city  land  in  that  the  fertility  of  the  soil,  in  addition  to  the  advantage 
of  location,  is  a  source  of  ground  rent.  Farm  land  values  are  com- 
paratively simple,  however,  and  will  be  treated  briefly  before  taking  up 
city  land  values,  as  the  latter  are  much  more  important. 

The  value  of  farm  lands  depends  primarily  on  the  fertility  of  the 
soil.  Other  factors  are  the  topography,  water  supply,  climatic  condi- 
tions, and  the  development  of  the  community  as  regards  markets, 
highways,  schools,  villages,  etc.  The  advantages  of  location  consist  in 
nearness  to  cities,  railway  stations,  and  schools.  The  value  of  farm 
iland  is  comparatively  low  and  the  range  of  values  small.  The  factors 
ijust  mentioned  vary  but  little  over  large  areas,  and  consequently  the 
■change  in  values  is  gradual.  The  problem  of  determining  farm  land 
lvalues,  therefore,  is  comparatively  simple,  because  any  data  which  may 
the  obtained  are  generally  applicable  over  a  large  district. 
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;i;,  The  Structural  Development  of  Cities. 

■•  The  problem  presented  by  cities  is  much  more  complex.  In  the 
'first  settlement  of  new  territory,  land  has  no  value.  A  settler  has  his 
choice  of  numerous  locations,  and  occupies  any  tract  that  suits  his 
fancy.  As  other  settlers  appear,  hovpever,  there  comes  a  time  when 
Uhere  is  a  difference  in  desirability  between  two  tracts,  due  to  their 
'location.  It  is  at  this  point  that  value  arises  in  the  land  having  a 
^superior  location,  and  it  becomes  a  source  of  ground  rent.  As  the  com- 
munity grows,  more  distant  lands  come  into  use,  a  larger  area  of  land 
has  a  value,  and  the  value  of  the  best  location  is  forced  higher.  When 
the  proportions  of  a  city  are  reached,  the  grades  of  land  are  very 
vnumerous,  and  they  are  occupied  by  a  variety  of  utilities.  City  land 
is  useful  only  as  a  site  for  buildings,  and  advantages  of  location  govern 
;lhe  values  entirely.  Any  location  in  the  city  may  be  sought  by  any 
utility,  and  the  land  goes  to  the  one  which  can  make  it  yield  the 
highest  ground  rent  and,  therefore,  pay  the  greatest  price  for  it. 

City  land  may  be  divided  roughly  into  the  following  classes  as 
regards  utilization : 

Distribution. — Retail  stores,  wholesale  stores,  railroads. 
Administration. — Banks,  office  buildings,  public  buildings. 
Production. — Factories. 
Residence. — Dwellings,   tenements,   apartments,  hotels. 

There  are  other  utilizations,  such  as  theaters,  hospitals,  libraries, 
etc.,  which  do  not  fall  readily  under  these  classes,  but  they  do  not  form 
a  large  percentage  of  the  total  number  of  utilities.  For  each  of  the 
utilities  in  this  classification  there  is,  with  respect  to  other  utilities,  a 
portion  of  a  city  within  which  it  is  almost  forced  to  locate. 

In  retailing,  the  seller  must  draw  the  buyer  into  his  establishment. 
He  seeks  a  location  where  the  largest  number  of  prospective  customers 
will  pass,  and,  consequently,  retail  stores  gather  at  the  heart  of  the 
city.  Wholesale  dealers  locate  where  transportation  facilities  are  best, 
and  as  close  as  rentals  will  warrant  to  any  retailers  whose  business  they  j 
may  seek  to  hold  or  obtain.  Railroads  procure  sites  close  to  the  busi- 
ness center  in  order  to  secure  passenger  traffic,  and  their  freight 
terminals  are  located  in  the  wholesale  and  manufacturing  districts. 
Banks  and  office  buildings  are  found  in  the  business  center,  but  they 
can  scarcely  compete  with  retail  stores  for  the  best  locations.     Manu- 
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facturing,  to  some  extent,  has  the  same  requirements  as  wholesaling,' 
but,  in  addition  to  railroad  facilities,  their  labor  conditions  must  be. 
considered.  ■::] 

The  basis  of  business  values  is  strictly  economic,  the  land  going  tO' 
the  highest  bidder,  but  the  basis  of  residence  values  has  a  social  ele- 
ment.  The  wealthy  class  select  the  best  locations,  near  parks,  easy  of 
access,  and  free  from  nuisances.  Those  of  lesser  means  take  locations 
as  near  them  as  possible,  and  the  poorest  people  are  obliged  to  live  iti 
the  outskirts  of  the  city  or  in  undesirable  places  near  tanneries,  raiU 
road  yards,  gas  plants,  etc.  Apartment  houses  are  distributed  about- 
the  same  as  dwellings ;  and  hotels  locate  near  the  retail  stores,  theaters, 
and  passenger  terminals. 

The  conspicuous  feature  in  cities  is  the  tendency  of  utilities  in  the 
same  business  to  cluster  together.  The  influences  which  favor  one  are 
favorable  to  another,  and,  moreover,  each  establishment  endeavors  to 
benefit  by  the  business  which  other  concerns  draw.  A  buyer  in  a  city 
may  visit  a  number  of  wholesale  houses  by  traversing  a  small  district, 
and  a  jobber  located  in  some  other  part  of  the  city  would  probably  not 
receive  his  attention.  In  every  large  city,  then,  there  will  be  found  at 
the  center  a  business  section,  certain  portions  of  which  are  occupied  by 
different  groups  of  utilities,  such  as  retail  stores,  banks  and  financial 
institutions,  jobbing  houses,  etc.  Surrounding  the  business  center  are 
•sections  occupied  by  the  several  classes  of  residence  structures,  by 
storage  warehouses,  factories,  railroad  yards,  and  many  other  utilities. 
The  lines  of  demarcation  between  these  sections  are  generally  not  well 
defined,  as  the  change  from  one  class  of  utilization  to  another  is  for  the 
most  part  gradual.  It  is  not  uncommon,  however,  to  find  two  distinct 
classes  of  utilization  separated  by  a  single  street;  and  barriers,  such  as 
a  river  or  a  railroad  line,  often  constitute  sharp  division  lines. 

The  increase  in  population,  the  changes  in  style  of  architecture  and 
types  of  construction,  and  the  constant  depreciation  of  buildings  cause 
a  continuous  movement  of  utilities  from  one  district  to  another.  In  a 
fine  residence  section  the  houses  eventually  become  old  and  out-of-date, 
and,  as  a  result,  more  modern  dwellings  are  built  in  new  districts  else- 
where in  the  city.  The  old  section  soon  begins  to  lose  its  reputation 
as  a  fashionable  district,  the  wealthy  people  gradually  move  out,  the 
■\'acated  dwellings  are  use  for  boarding  houses,  and  the  section  suffers 
a  decline  in  land  values,  even  as  a  rise  in  values  is  experienced  in  the 
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new  district.  It  is  possible  for  real  estate  men  to  gain  control  of  a 
district,  and,  by  platting  it  in  a  suitable  manner,  making  street  and 
park  improvements  and  placing  building  restrictions  on  all  lots  sold, 
to  develop  a  good  residence  section.  Similarly,  by  filling  in  low  lands 
or  providing  railroad  or  harbor  facilities,  a  manufacturing  or  shipping 
district  may  be  fostered.  Frequently  the  movement  of  groups  of  utili- 
ties, and  consequent  changes  of  land  value,  are  regulated  by  activities 
along  such  linee.  In  many  cases  the  movement  of  utilities  from  one 
district  to  another  is  guided  more  by  the  natural  growth  of  the  city  and 
the  development  of  its  transportation  systems,  and  cannot  be  influenced 
as  in  the  foregoing  instances.  Business  property  is  the  least  susceptible 
to  such  influences. 

Business  remains  on  level  ground  and  where  topography  does  not 
interfere,  the  retail  section  moves  in  the  direction  of  the  best  residence 
section.  The  reason  for  this  is  that  the  residents  of  such  a  section 
represent  the  heaviest  buyers,  and  their  custom  is  sought  by  all  shops, 
not  alone  for  the  value  of  their  patronage,  but  also  by  reason  of  the 
fact  that  all  classes  go  to  the  shops  where  the  wealthy  class  trades. 
The  advance  of  a  retail  section  toward  a  residence  section  involves  the 
movement  of  banks  and  offices  into  new  districts.  The  buildings 
vacated  by  shops,  offices,  and  banks  must  necessarily  succeed  to  a  lower 
utility,  such  as  wholesale  houses  and  factories,  and  these  are  often  fol- 
lowed by  tenements  and  vacancies,  so  that  land  once  the  best  in  the 
cily  sometimes  drops  to  a  low  value.  The  point  of  highest  value  is  con- 
stantly moving,  and,  unless  the  increase  in  population  is  sufficient  to 
overcome  the  tendency,  the  land  behind  this  movement  suffers  a  de- 
crease in  value. 

City  Land  Values. 

From  the  business  center,  the  main  traveled  streets  project  axes 
of  higher  value  into  the  outlying  territory.  As  a  rule,  values  grade 
down  regularly  from  the  point  of  highest  value  at  the  business  center 
to  the  outskirts  of  the  city,  and  also  grade  doAvn  on  either  side  of  the 
main  traveled  axes  radiating  from  the  heart  of  the  city.  This  general 
scheme  of  values  is  modified  by  the  location  of  railroads,  bridges,  parks, 
and  the  different  classes  of  utilities,  and  also  by  the  topography,  kind 
of  platting,  extent  of  street  improvements,  etc.  It  is  not  common  to 
find  sharp  differences  in  the  values  of  two  adjoining  properties.  Where 
a  district  of  low  utility  adjoins  one  where  land  values  are  compara- 
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tively  higrh,  the  low-class  land  near  the  boundary  is  of  greater  value 
than  the  remainder  of  the  district,  owing  to  the  i)roximity  of  higher 
values,  and,  correspondingly,  the  high-class  land  near  the  boundary 
reflects  to  a  certain  extent  the  low  values  near-by.  Marked  changes  of 
value  take  place,  not  by  sudden  variation,  but  by  degrees,  over  a  dis- 
tance of  several  blocks,  '.'li.'': 

The  total  land  value  of  a  city  depends  primarily  on  the  population, 
but  is  influenced  to  so  great  an  extent  by  the  city's  wealth  and  other 
factors  that  comparisons  between  cities  of  the  same  population,  as  to 
either  the  total  land  value  or  the  value  of  highest  priced  land,  offer 
considerable  variation.  It  is  believed  that  the  range  of  values  in  Fig. 
2  will  cover  the  conditions  in  all  except  a  very  small  percentage  of 
cities.  The  lower  values  represent  more  nearly  the  normal  conditions, 
and  the  higher  values  occur  in  cities  where  there  is  a  large  transient 
population  or  where  the  business  district  is  restricted.  All  factors 
which  tend  toward  the  expenditure,  in  a  city,  of  money  which  is  earned 
elsewhere,  raise  the  value  of  business  land.  For  instance,  the  location, 
in  a  city  of  25  000  people,  of  a  university  with  several  thousand  students 
would  materially  increase  business  land  values  above  those  of  other 
cities  of  the  same  size.  In  determining  the  population  of  a  city,  there 
should  be  considered  such  suburbs  as  are  close  enough  to  constitute  a 
part  of  the  city  proper.  The  1910  census  shows  the  population  of 
Boston  to  be  about  670  000,  but  the  addition  of  Cambridge,  Somerville, 
Winthrop,  and  other  communities  which  directly  adjoin  the  city  and 
are  closer  to  the  business  center  than  some  parts  of  Boston  proper, 
brings  this  figure  up  to  nearly  1  000  000.  Entering  Fig.  2  with  this 
latter  figure  the  value  of  the  best  business  land  is  seen  to  range  from 
$9  000  to  $15  000  per  front  foot  and,  when  the  great  tributary  and 
transient  population  of  the  city  is  considered,  one  would  expect  to  find 
there,  as  is  in  fact  the  case,  values  corresponding  to  the  higher  figure. 

It  will  be  seen  from  the  foregoing  that  an  investigation  of  land 
values  generally  involves  a  study  of  the  forces  at  work  in  a  city's  devel- 
opment, the  land  requirements  and  distribution  of  its  utilities,  and  the 
strength  and  direction  of  the  structural  movements  which  are  con- 
stantly taking  place.  The  extent  of  such  a  study  would  depend,  of 
course,  on  the  land  under  consideration.  In  valuing  a  single  lot  in  a 
residence  section,  such  preparation  would  not  be  called  for,  but,  in  the 
case  of  high-priced  business  land,  it  is  necessary  to  be  informed  on  these 
points. 
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For  the  purposes  of  this  paper  the  "market  value"  of  land  will  be 
considered  as  the  ordinary  exchange  price  that  one  party  would  pay 
another  for  a  farm,  city  lot,  or  other  tract  of  land,  under  normal  con- 
ditions, that  is,  when  the  purchaser  is  not  compelled  by  circumstances 
to  pay  an  excessive  price  nor  the  grantor  to  sell  at  a  sacrifice.  The  mar- 
ket value  will  not  include  additional  amounts  which  are  often  paid  for 
plottage,  severance  charges,  or  damages;  also,  the  term  "front  foot" 
will  be  made  to  mean  a  strip  of  land  having  a  frontage  of  1  ft.  on  a 
street  and  a  depth  of  100  ft.  measured  at  right  angles  thereto.  The 
unit  used  in  measuring  city  land  varies  in  different  parts  of  the  country. 
In  some  places  it  is  the  custom  to  use  the  front  foot  of  100-ft.  depth,  or 
some  other  depth,  and  in  other  places  the  square  foot  is  the  unit.  Those 
accustomed  to  think  of  land  values  by  the  square  foot  can  readily  eon- 
vert  the  figures  in  mind  to  the  front  foot  as  used  herein  by  multiplying 
by  100. 

Sources  of  Data  for  Determining  Land  Values. 
In  making  land  appraisals,  the  following  classes  of  information  are 
available : 

Inspection  and  general  study. 

Sales  of  real  estate. 

Tax  assessments. 

Rentals. 

Value  of  opinions  of  land  dealers. 

Value  of  opinions  of  land  owners. 

Character  of  buildings,   as  an  index  to  land  values. 

Real  estate  for  sale. 

Inspection  and  General  Study. — In  connection  with  any  property, 
there  should  be  obtained  at  the  outset  all  information  with  regard  to  the 
dimensions  of  the  tract,  the  accuracy  of  the  survey,  the  condition  of  the 
title,  the  amount  of  taxes  and  special  assessments  due,  and  the 
existence  of  mortgages  or  restrictions  as  to  the  use  of  the  land.  An 
inspection  is  generally  necessary  in  order  to  determine  the  extent  and 
condition  of  street  improvements,  and  the  nature  of  the  property  as 
regards  topography,  filling,  protection  of  water  frontage,  etc.  A  gen- 
eral study  also  involves  some  investigation  of  the  district  in  which  the 
property  is  located  and  of  the  city's  development  and  structural  growth, 
as  heretofore  outlined.     A  knowledge  of  general  conditions  enables  an 
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appraiser  to  make  use  of  data  which  are  not  directly  applicable  to  the 
land  in  question,  and  often  establishes  limiting  values  on  a  tract  of  land 
before  a  detailed  study  is  midertaken.  It  is  always  advisable  to  be  pro- 
vided with  a  map  showing,  not  only  the  parcel  of  land  in  question,  but 
the  surrounding  district  for  a  good  many  blocks  on  every  side.  By 
recording  on  this  map  sales,  assessments,  rentals,  topographic  features, 
etc.,  their  bearing  on  land  values  may  be  most  clearly  understood. 

Sales  of  Real  Estate. — Actual  sales  of  real  estate  offer  one  of  the 
best  criteria  of  land  value  available  to  an  appraiser.     Where  they  can 
be  found  in  sufficient  numbers  to  form  a  basis  for  the  judgment,  there 
is  no  better  evidence  of  market  value.     In  residence  districts,  where 
transfers  are  always  taking  place,  and  in  the  newer  portions  of  a  city, 
where  sales  are  numerous,  the  work  of  an  appraiser  is  simplified.    After 
a  list  of  sales  has  been  obtained  for  land  valuation  purposes,  the  ap- 
praiser should  go  to  the  public  record  and  read  the  deeds,  in  order  to 
cull  out  transfers  which  do  not  show  true  values.     Some  of  the  rea- 
sons for  which  sales  should  be  rejected  are  nominal  consideration,  ma- 
terial reservations  or  restrictions,  only  part  interest  conveyed,  personal 
property  included,  conveyance  to  perfect  title,  trade,  deal  between  rela- 
tives, conveyance  to  railroad  company  or  municipality,  scattered  par- 
cels in  one  conveyance,  sheriff's  deed,  tax  deed,  etc.    These  facts  cannot 
always  be  determined  simply  by  reading  the  deed,  and  there  are  other 
reasons  for  rejecting  a  sale  which  are  almost  sure  to  escape  observation 
by  that  method.     Among  such  are  conveyances  by  swindlers,  fictitious 
considerations,  company  and  partnership  deals,  and  land  contracts.     It 
is  advisable,  therefore,  in  important  cases,  to  learn  as  much  as  possible 
regarding  the  circumstances  under  which  a  transfer  of  real  estate  is 
made. 

The  use  of  sales  is  subject  to  the  following  disadvantages: 

1. — Large  numbers  of  sales  are  recorded  with  a  nominal  or  fictitious 
consideration,  and  it  is  often  difficult  to  learn  the  hona-fide 
sale  price.  This  is  more  particularly  true  of  high-priced 
land. 

2. — As  land  reaches  high  values,  the  proportional  number  of  sales 
decreases,  so  that  in  certain  classes  of  property  such  as  high- 
class  business  land,  or  dock  property  where  harbor  space  is 
limited,  the  sales  data  are  very  meager. 
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3. — Sales  of  real  estate  often  include  buildings  which  must  be  sep- 
arated in  order  to  determine  the  sale  value  of  the  land  alone: 
In  cheap  properties  niiiny  vacant  lots  are  sold,  but  where  land 
reaches  a  high  value  it  is  not  allowed  to  stand  idle,  and  a  sale 
price  is  sure  to  include  more  or  less  extensive  improvements. 
In  a  considerable  portion  of  the  high-priced  property  that 
comes  to  sale,  the  improvements  are  old,  poorly  designed,  or 
not  suited  to  the  location.  These  propositions  generally  in- 
volve the  wrecking  or  remodeling  of  a  building,  and  the  appor- 
tionment of  the  sale  price  between  value  of  improvements  and 
value  of  land  is  a  dovibtful  process. 

It  may  be  seen,  therefore,  that  sales  are  more  directly  useful  in 
appraising  cheaper  lands,  such  as  ordinary  residence  sections,  where 
values  are  low  and  changes  of  value  gradual,  but  that  their  availability 
decreases  in  somewhat  the  same  proportion  as  land  increases  in  value. 

Tax  Assessments. — Assessments  of  real  estate  for  taxation  purposes 
are  generally  considered  to  be  of  little  or  no  use  as  a  guide  to  land 
values,  and  it  is  true  that  the  average  city  assessment  exhibits  many 
irregularities.  The  assessments  are  made,  however,  by  men  whose  par- 
ticular business  it  is  to  study  the  values  in  a  certain  section,  and  as 
most  of  them  gain  great  familiarity  with  their  districts,  the  figures  de- 
termined by  them  are  a  valuable  aid  to  the  judgment  Assessments  may 
be  faulty  in  two  particulars :  first,  in  that  the  different  parcels  are  not 
assessed  on  the  same  basis;  and,  second,  in  that  the  whole  district  is  not 
assessed  at  full  market  value,  but  at  some  percentage  thereof.  The  best 
way  to  determine  whether  an  assessment  is  well  equalized  is  to  reduce 
the  figures  in  the  section  to  the  same  unit,  such  as  dollars  per  front 
foot,  per  acre,  or  per  lot,  and  plat  them  on  a  map.  Irregxilarities  show 
up  very  clearly  on  such  a  graphical  representation.  As  a  rule,  however, 
an  assessment  will  be  found  to  be  fairly  good  as  regards  the  compara- 
tive value  of  different  parcels,  especially  where  it  has  been  developed 
during  a  period  of  years.  Taxpayers  are  constantly  comparing  their 
assessments  with  those  of  their  neighbors,  and,  as  marked  differences 
meet  with  complaint  until  rectified,  the  tendency  is  always  toward 
better  equalization.  It  should  be  noted  that  not  all  assessments  sep- 
arate land  and  buildings,  for  in  many  communities  the  sum  of  the  two 
appears  as  one  item  on  the  public  records.    In  such  cases  the  assessment 
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on  land  alone  cannot  be  obtained,  unless,  as  is  often  the  case,  it  is 
obtained  from  the  private  records  of  the  assessor. 

It  is  possible,  then,  where  land  assessments  are  available,  for  an 
appraiser  to  make  an  examination  of  them  and,  by  the  elimination  of 
irregularities  and  discriminations,  determine  a  fair  assessed  value  for 
a  given  piece  of  land.  It  only  remains,  then,  to  determine  what  per- 
centage the  assessment  bears  to  the  true  market  value.  This  is  done 
by  gathering  hona-fi.de  sales  of  property,  ascertaining  the  assessed  value 
of  such  properties,  and  computing  the  ratio  of  assessed  value  to  market 
value.  For  this  purpose  it  is  possible  to  use  sales  throughout  a  small 
area  surrounding  the  tract  in  question,  or  a  ward,  or  even  an  entire 
city.  This  method  amplifies  the  use  of  sales  data  very  materially,  for 
it  permits  the  use  of  sales  which  have  no  direct  bearing  on  the  land 
being  appraised,  and,  moreover,  is  not  affected  to  such  a  large  extent 
by  the  fact  that  real  estate  sales  involve  the  value  of  improvements. 
Assessments,  therefore,  when  carefully  studied  and  used  in  connection 
with  land  sales,  constitute  valuable  evidence  with  regard  to  land  values. 

Rentals. — If  ground  rent  is  determined  it  is  possible  to  capitalize  it 
and  arrive  at  a  value  for  the  land.  This  process  involves  gathering 
considerable  data  and  the  use  of  very  good  judgment  in  choosing  a  rate 
of  capitalization.  Ground  rent  is  computed  by  deducting  from  the  gross 
rental  the  taxes  on  the  land,  and  the  taxes,  insurance,  interest,  main- 
tenance, and  annual  depreciation  on  the  improvements.  There  are  mod- 
ifications of  this  procedure  by  which  the  gross  rental,  or  the  gross  rental 
less  certain  items,  is  capitalized,  and  the  rate  of  capitalization  is  in- 
creased to  allow  for  the  items  just  mentioned  which  are  not  deducted. 
There  is  a  disadvantage  in  using  gross  rentals,  however,  for  when  cap- 
italized they  represent  the  land  and  buildings  together,  and  there  re- 
mains the  difficulty  of  separating  the  value  of  land  from  that  of  the 
total  improved  property.  On  the  other  hand,  the  amount  of  ground 
rent  as  computed  may  fluctuate  greatly,  due  to  the  influence  of  man- 
agement, and  it  is  necessary  to  know  that  a  property  is  well  admin- 
istered, lest  the  ground  rent  as  determined  be  too  low  or  even  non- 
existent. It  is  also  necessary  to  use  current  rentals,  for  rentals  agreed 
upon  at  some  previous  time  may  reflect  incorrect  values,  and  this  is 
especially  true  where  land  values  are  changing. 

The  rate  of  capitalization  follows  the  same  course  as  the  yield  on 
securities,  and  depends  on  the  safety  and  permanence  of  the  earning 
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power.  The  rate  ranges  from  4%  for  the  best  property  in  large  cities  up 
to  8  and  10%  for  poor  properties  in  small  cities,  and  even  higher  for 
land  suitable  only  for  temporary  or  disreputable  utilization.  The  rate 
varies  in  different  cities,  and,  as  a  rule,  is  lower  in  the  Eastern  States 
than  in  the  West  or  South.  In  a  district  where  land  values  are  increas- 
ing, the  rate  of  capitalization  is  below  normal,  and  whore  values  are 
decreasing,  it  runs  very  high.  As  previously  stated,  the  use  of  rentals 
requires  care  and  good  judgment  in  order  to  obtain  satisfactory  results. 

Value  of  Opinions  of  Land  Dealers. — The  most  common  method  of 
ascertaining  the  value  of  land  is  to  consult  real  estate  dealers,  but,  in 
a  large  number  of  cases,  their  figures  are  found  to  be  unsatisfactory. 
The  average  real  estate  dealer's  appraisal  represents  an  inspection,  some 
thought  on  such  sales  and  rentals  as  he  is  familiar  with,  and  an  inter- 
view possibly  with  some  other  dealer,  but  no  systematic  collection  and 
presentation  of  data.  Sometimes  great  carelessness  is  displayed  in  their 
v%^ork.  As  an  instance  may  be  cited  the  case  where  several  dealers  made 
Valuations  of  a  piece  of  dock  property,  ranging  from  $75  to  $200  per 
front  foot.  Some  of  them  evidently  overlooked  the  fact  that  the  property 
was  not  accessible  from  any  street  except  by  passing  a  long  distance 
over  land  belonging  to  another  owner,  for,  in  consideration  of  this  fact, 
the  tract  was  transferred  for  $66  per  front  foot.  As  a  rule,  the  suc- 
cessful real  estate  dealers'  principal  assets  are  nerve  and  salesmanship. 
They  do  not  want  honestly  to  know  values,  but  to  make  sales.  They 
I)ossess  an  advantage,  however,  in  their  knowledge  of  sale  and  rental 
figures,  and  it  is  often  necessary  to  gain  their  co-operation  in  order  to 
obtain  this  information.  Real  estate  dealers  are  generally  oi^timists, 
and  in  their  opinions  often  incline  to  high  values,  especially  in  the 
districts  where  they  are  selling  lands.  Ordinary  prejudice,  however, 
does  not  account  for  the  almost  incredible  variation  which  is  sometimes 
found  in  the  opinions  of  real  estate  men  regarding  the  same  piece  of 
land,  which  indicates  that  this  class  of  information  may  be  far  from 
correct  and  should  be  weighed  carefully  before  being  accepted  as  evi- 
dence on  which  to  base  judgment. 

Value  of  Opinions  of  Land  Owners. — A  land  owner  nearly  always 
has  a  definite  opinion  as  to  the  value  of  his  holdings,  even  though  he  is 
not  in  the  market  for  land,  either  as  a  buyer  or  a  seller.  This  is  held 
to  be  important  information  by  some  authorities  on  the  ground  that  it 
is  the  opinion  of  land  owners  which  fixes  the  market  value  of  land.   The 
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probabilities,  however,  are  that  the  converse  is  much  more  often  the 
case,  and  the  opinion  of  the  land  holder  is  fixed  by  such  knowledge  as 
he  obtains  regarding  sales.  It  is  believed  that  in  a  great  number  of 
cases  a  land  holder  is  not  well  enough  informed  to  pass  reliable  opinions 
on  land  values,  and  that  when  he  is  competent  it  is  difficult  to  obtain 
from  him  an  honest  expression.  This  class  of  information  can  be  ob- 
tained readily,  and  should  be  given  some  consideration. 

Character  of  Buildings  as  an  Index  to  Land  Values. — The  cost  of 
buildings  is  in  a  measure  an  index  to  the  value  of  the  lands  which  they 
occupy.  In  a  large  proportion  of  the  buildings  constructed  for  business 
purposes,  the  cost  is  about  equal  to  the  value  of  the  land.  There  is,  of 
course,  great  deviation  from  this  rule,  but  marked  departure  is  almost 
always  accompanied  by  financial  loss.  A  cheap  building  on  expensive 
land  is  unable  to  earn  an  income  proportionate  to  the  high  land  value; 
and  an  expensive  building  on  cheap  land  must  necessarily  be  located 
outside  the  district  where  structures  of  its  class  are  in  demand.  On 
this  basis  Table  1  has  been  prepared,  showing  the  value  of  land  occupied 
by  the  ordinary  types  of  business  buildings,  in  dollars  per  front  foot, 
but  it  should  be  useful  only  for  very  rough  estimating.  There  are 
numerous  instances  where  there  is  a  great  variation  in  the  value  of 
buildings  along  a  street  on  which  lots  have  approximately  the  same 
Talue,  and  in  such  cases  the  tendency  is  for  the  land  values  to  corre- 
spond more  nearly  to  those  of  the  highest  structures.  Exceptions  to  the 
general  rule  are  frequent,  as,  for  instance,  where  cheap  structures  are 
erected  on  good  land  to  serve  but  a  short  time,  while  waiting  a  better 
opportunity  to  make  permanent  improvements  on  the  property. 

TABLE  1. 

Size  of  building.     ,1  Construction.  1       ^^^''^^Ironrfoot'^"'^  ^^"^ 


2-story  Bricli  and  frame.  $150  to   $200 

.S  ~"" 

4 

5 


250  to     350 

4(0  to     500 

1  600  to     800 

Slow-burnin?.  1  000  to  1  .500 

"  "  I  2  000  to  3  000 

Tending  to  fire-proof.  !  3  500  to  5  5C0 

Fire-prcaf.  5  500 


Real  Estate  for  Sale. — Although  there  may  be  no  sales  of  real  estate 
in  a  district,  it  is  generally  possible  to  find  property  which  is  on  the 
market,  and  obtain  an  offer  of  sale.     Such  an  offer  throws  light  on  land 
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values,  but  should  scuerally  be  cousidored  as  establishing  a  maximum 
figure.  A  party  in  making  an  offer  usually  endeavors  to  get  a  high  price 
at  first  and  is  obliged  to  lower  his  figure  before  a  transaction  is  finally 
made.  Such  offers,  consequently,  represent  values  in  excess  of  the 
market  value.  They  constitute  valuable  information,  however,  and 
have  the  additional  merit  of  being  readily  obtainable  in  the  majority  of 
cases. 

Detek.mixation  of  Value. 

Information  bearing  on  land  values  may  often  be  found  by  investi- 
gating the  expert  testimony  given  in  damage  cases  and  other  Court 
actions  or  hearings,  Probate  Court  records,  inheritance  tax  appraisals, 
mortgage  records,  and  tax  disputes.  In  valuing  land,  there  may  be 
utilized  one  or  more  of  the  classes  of  information  which  have  just  been 
discussed.  In  a  district  where  good  sales  are  plentiful,  a  brief  study 
of  the  transfers  may  be  sufficient.  As  lands  reach  high  values,  however, 
the  information  bearing  on  them,  not  only  exists  in  smaller  quantities, 
but  is  more  difficult  to  obtain,  and  often  there  are  few  enough  data  on 
which  to  base  judgment,  even  after  a  careful  investigation.  The  final 
determination  of  a  market  value  is  ultimately  a  matter  of  the  judgment 
of  the  appraiser,  and  it  is  for  him  to  decide  in  each  case  what  informa- 
tion is  required,  and  just  what  weight  should  be  given  to  all  the  evi- 
dence finally  obtained. 

In  summing  up  it  may  be  said  that  the  important  steps  in  deter- 
mining the  market  value  of  land  are  as  follows: 

1. — A  thorougli  investigation  of  all  conditions  affecting  the  land 
in  question,  in  order  that  no  important  considerations  may 
be  overlooked,  as,  for  instance,  the  lack  of  street  connections, 
in  the  case  already  cited. 

2. — A  systematic  and  thorough  collection  of  information. 

3. — A  graphical  representation  of  the  data  gathered,  for  by  no 
other  means  may  the  relation  which  values  bear  to  each  other 
be  so  readily  understood. 

4. — Determination  of  value  after  weighing  all  evidence. 

It  should  be  remembered  that  the  market  value  of  a  given  piece 
of  land  is  not  a  definite  sum,  and  cannot  be  estimated  with  absolute 
accuracy.  Several  unprejudiced  men,  all  working  with  the  same  data, 
will  not  obtain  similar  results.     In  certain  eases  it  may  be  possible  to 
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establish  a  definite  market  value  on  cheap  vacant  lots,  but,  when  prop- 
erty values  run  into  several  thousand  dollars,  reliable  estimates  will 
vary  5%,  and  in  complex  situations  10%,  25%,  or  even  more. 

Long  and  Short  Lots. — Having  determined  a  market  value  of  land, 
the  next  problem  is  the  application  of  that  value  to  lots  of  irregular 
size  and  shape,  corner  lots,  and  groups  of  lots.  A  market  value  of 
dollars  per  front  foot  refers  to  property  of  average  depth,  depending  on 
the  manner  in  which  the  city  is  platted,  and  it  is  frequently  necessary 
to  apply  this  value  to  a  lot  either  shorter  or  longer  than  the  average. 
Several  tables  have  been  compiled  by  different  authorities  showing  the 
percentage  of  the  total  value  of  lots  100  ft.  in  depth  which  is  repre- 
sented by  a  lot  of  any  other  depth,  either  greater  or  smaller.  A  number 
of  well-known  rules  have  been  tabulated  and  are  submitted  herewith 
in  comparative  form.  The  Hoffman  rule  appeared  prior  to  1870,  and 
was  based  on  the  assvimption  that  the  front  half  of  a  100-ft.  lot  was 
worth  two-thirds  of  the  total  value  of  the  lot.  The  4-3-2-1  rule,  which 
is  as  old,  assumed  that  the  front  25  ft.  of  a  100-ft.  lot  represented  40% 
of  the  total  value,  the  second  25  ft.,  30%  of  the  value,  the  third  25  ft., 
20%,  and  the  rear  25  ft.,  10  per  cent.  The  Hoffman-Neill  rule  is  a 
modification  of  the  Hoffman  rule,  and  the  Newark  rule  was  developed 
by  the  assessing  body  in  the  City  of  Newark.  The  Somers  rule  is  the 
work  of  Mr.  Somers,  who  was  long  associated  with  assessment  work  in 
New  York  City.  Mr.  Pleydell's  rule  is  based  on  extensive  studies  in 
New  York  City;  and  the  Lindsay-Bernard  rule  was  developed  from 
a  mass  of  data  gathered  in  Baltimore.  The  Milwaukee  rule  has  been 
developed  during  a  period  of  years  by  Mr.  J.  H.  Leenhouts,  connected 
with  the  Milwaukee  assessing  body,  adjustments  having  been  made 
from  time  to  time  as  additional  data  warranted.  In  Milwaukee  and 
Newark  separate  rules  are  used  for  business  and  residence  property. 
The  Davies  rule  is  the  work  of  Mr.  William  E.  Davies,  of  New  York 
City,  and  was  adopted  by  him  after  a  study  of  more  than  10  000  sales. 
Most  of  the  rules  are  based  on  a  100-ft.  depth  of  lot,  but  the  Lindsay- 
Bernard  and  Pleydell  percentages  are  based  on  a  150-ft.  lot.  By  a 
simple  computation  it  is  possible  to  reduce  these  percentages  to  the 
100-ft.  lot  basis,  as,  for  example,  to  find  what  ratio  a  50-ft.  lot  bears 
to  a  100-ft.  lot,  according  to  the  Lindsay-Bernard  rule,  enter  their 
table  and  divide  the  percentage  for  a  50-ft.  lot  by  the  percentage 
for  a  100-ft.  lot.     This  operation  gives  58  -=-  88  :^  66  per  cent.     This 
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computation  lias  been  made  for  all  values  in  the  rules  which  are  not 
based  on  a  100-ft.  lot,  and  recorded  in  Table  2  for  purposes  of  com- 
parison. Colunnis  (1)  to  (11)  liave  been  platted  on  Fij?.  2.  All  the 
rules  are  not  shown  here  in  their  complete  form,  as  some  of  them  p:ive 
a  pereentag-e  for  every  foot  of  variation  in  dei^th  instead  of  every  5  ft., 
and,  also,  some  of  tliem  have  the  percentages  worked  out  to  three  deci- 
mal ])laees  instead  of  two.  Percentages  for  depths  of  lots  other  than 
those  shown  in  the  tables  may  be  determined  by  interpolation,  and  the 
application  of  percentages  worked  out  to  one-tenth  of  1%  is  a  needless 
refinement,  as  market  values  cannot  be  determined  with  any  such 
degree  of  accuracy. 

TABLE  2. — Comparison  of  Rules  for  Long  and  Short  Lots. 
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Of  these  rules,  the  Lindsay-Bernard,  Milwaukee,  Davies,  Newark, 
Pleydell,  and  Somers  are  based  on  actual  investigations,  and  not  on 
assumptions.  Of  these,  the  first  three  appear  to  represent  the  most 
careful  study.  The  Milwaukee  authorities  have  made  an  excellent 
point  in  distinguishing  between  residence  and  business  property.  It 
is  entirely  logical  that  such  a  difference  should  exist,  and  it  is  easy  to 
understand  that  in  business  property  a  larger  proportion  of  the  value 
would  lie  iiT  the  front  portion  of  the  lot,  as  indicated  by  the  curves. 
It  should  be  noted  that  a  curve  drawn  midway  between  the  Milwaukee 
business  and  residence  curves,  and  therefore  representing  average  con- 
ditions, would  coincide  more  closely  with  the  results  of  other  investi- 
gators. The  Davies  rule  is  probably  more  representative  of  conditions 
in  the  large  Eastern  cities,  as  it  is  based  largely  on  data  obtained  in 
New  York  City.  It  is  practically  impossible  for  every  appraiser  to 
collect  data  and  formulate  his  own  rule,  and  it  is  necessary  for  him 
to  use  the  work  of  others,  choosing  that  which  in  liis  judgment  appears 
most  reasonable  and  is  supported  by  the  most  thorough  investigation. 
It  should  be  noted  here  that  not  in  every  case  does  a  short  lot  have 
a  greater  value  per  square  foot  than  a  lot  of  standard  length.  In  a 
tenement  district,  for  instance,  a  lot  too  short  to  be  used  for  tenement 
purposes  would  have  a  lesser  value  per  square  foot  than  a  lot  of  stand- 
ard length.  Such  cases  are  infrequent,  however,  as  such  lots  are 
eventually  combined  with  other  property,  in  order  that  their  highest 
utilization  may  be  attained. 

The  use  of  a  rule  for  long  and  short  lots  enables  one  to  place  a 
value  on  a  few  square  feet  in  any  part  of  a  lot,  having  given  the  dis- 
tance to  the  street.  For  example,  to  find  the  value  of  a  lot  20  ft.  deep 
and  60  ft.  from  the  street,  just  subtract  the  value  of  a  60-ft.  lot  from 
that  of  an  80-ft.  lot,  as  determined  from  the  rule.  The  application 
of  this  procedure  to  L-shaped  lots  and  lots  which  have  no  frontage 
may  be  readily  seen.  Where  the  sides  of  a  lot  are  of  different  lengths 
they  may  be  averaged,  that  is,  if  one  side  of  a  lot  is  60  ft.  long  and  the 
other  side  80  ft.  long,  obtain  the  value  of  a  70-ft.  rectangular  lot  accord- 
ing to  the  rule  used.  Where  lots  are  irregular  in  shape  they  may  be 
divided  into  small  squares,  and  the  values  of  the  squares  may  be  deter- 
mined and  summed. 

Value  of  Corner  Lots. — A  more  difficult  problem  than  long  and 
short  lots  is  presented  in  the  determination  of  corner  lot  values.    Vari- 
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ous  forrmilns  have  been  devised  for  foinpiitin<i'  the  value  of  corner  lots, 
having  given  the  value  per  front  foot  of  an  inside  lot  on  both  the  main 
and  side  streets.  It  would  seem  that  any  formula  or  rule  for  deter- 
mining the  corner  influence  would  be  inadequate,  because  the  corner 
lot  value  is  affected  by  a  number  of  factors,  among  which  are  the 
value  of  land,  the  relation  of  land  values  on  the  main  street  to  those  on 
the  side  street,  the  width  and  depth  of  lots,  the  height  of  buildings, 
the  kind  of  occupancy,  and  other  conditions.  In  making  a  city  assess- 
ment, it  is  almost  necessary  to  use  a  rule,  on  account  of  the  great 
amount  of  work  to  be  done;  and  most  of  the  authorities  mentioned 
have  devised  a  procedure  for  this  purpose.  It  is  felt  that  none  of  the 
rules  is  adequate,  although  some  of  them  may  be  applicable  in  a 
majority  of  cases. 

Mr.  A.  C.  Pleydell's  rule  is  to  consider  the  corner  as  an  inside  lot  on 
the  main  street,  add  15%  and  also  add  50%  of  its  value  as  an  inside 
lot  on  the  side  street  and  extended  according  to  the  Newark  rule. 
This  method  is  the  result  of  careful  study  by  Mr.  Pleydell,  but  it  is 
understood  that  he  is  not  prepared  to  justify  it  entirely,  and  offers  it 
more  in  the  nature  of  a  suggestion.  A  method  of  determining  corner 
lot  values  has  been  worked  out  by  Mr.  W.  A.  Somers,  of  the  Manu- 
facturers Appraisal  Company,  of  Cleveland,  the  basis  of  which  is  not 
made  public.  He  states  that  the  corner  influence  in  all  property  gen- 
erally extends  100  ft.  each  way  from  the  corner,  and  he  has  compiled 
tables  which  indicate  for  any  combination  of  unit  values  on  the  main 
and  side  streets  the  value  of  each  10-ft.  square.  The  values  of  these 
squares  may  be  summed  to  obtain  the  value  of  a  lot  of  any  shape  or 
size  within  the  100-ft.  corner  square.  It  would  seem  that  any  rule 
applied  with  such  mathematical  precision  is  altogether  too  inflexible 
to  meet  the  great  variety  of  conditions  which  obtain  with  respect  to 
corner  lots. 

The  City  of  Milwaukee  uses  a  rule  which  has  been  developed  by 
Mr.  J.  H.  Leenhouts,  Chief  Clerk  for  18  years  in  the  city  Tax  Commis- 
sioner's Office,  with  the  co-operation  of  the  Milwaukee  Real  Estate 
Board.  It  is  stated  as  follows:  For  residence  property  where  all  street 
improvements  are  made,  add  25%  of  the  value  of  the  main  street  front- 
age on  a  width  of  30  ft.  for  corner  influence.  For  business  property 
add  the  value  per  front  foot  (computed  as  an  inside  lot  and  extended 
according  to  the  Milwaukee  rule  for  business  property)  of  the  main  and 
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side  streets,  divide  by  two,  and  take  60%  of  the  result,  which  deter- 
mines the  value  per  front  foot  to  be  added  for  corner  influence  on  a 
width  of  40  ft.  on  the  main  street.  In  all  cases  this  method  is  subject 
to  local  conditions  and  the  judgment  of  the  appraiser.  As  regards 
business  lots,  the  application  of  this  formula  nearly  always  adds  less 
than  50%  to  the  value  of  a  corner  property,  as  compared  with  an  inside 
lot,  and  it  is  considered  that  the  tendency  is  to  give  results  which  are 
too  low.  The  Lindsay-Bernard  corner  lot  rule  consists  in  fixing  tlie 
value  of  the  property  as  an  inside  lot  on  both  the  main  and  side  streets 
and  adding  the  two.  The  sum  is  taken  as  the  minimum  value  of  the 
corner,  and  to  it  are  added  all  minor  factors  of  value  which  suggest 
themselves  to  an  intelligent  appraiser.  This  rule  has  been  tested  by 
the  authors  in  the  case  of  more  than  400  sales  and  rentals,  with  good 
results.  Although  it  yields  much  higher  values  than  the  other  rules,  it 
is  considered  to  be  the  most  satisfactory  of  them  all. 

Many  real  estate  men  simply  add  to  a  corner  lot  50%  of  the  value 
of  an  inside  lot.  Mr.  E.  H.  Gilbert  advocates  the  following  procedure 
for  New  York  City,  where  nearly  all  lots  have  a  frontage  of  25  ft.  To 
the  lot  adjoining  a  corner  lot  add  10%  of  the  value  of  an  inside  lot 
To  the  corner  lot  add  60%  of  the  value  of  the  lot  adjoining  the  corner 
It  is  probable  that  a  more  reliable  procedure  is  represented  by  a  set  of 
rules  used  by  Mr.  George  C.  Olcott,  a  real  estate  appraiser  of  Chicago 
In  some  respects  his  method  is  not  as  definitely  outlined  as  in  some  of 
the  other  rules  mentioned,  and  consequently  his  system  is  more  flexible. 

Mr.  Olcott's  system  of  corner  valuation  is  as  follows : 

"The  value  per  front  foot  for  inside  lots  of  an  average  depth  in  any 
block  having  been  ascertained,  the  value  of  the  corner  lot  per  front 
foot  may  be  arrived  at  with  approximate  accuracy  by  the  adoption  of 
the  following  rules : 

"On  Residence  Streets. — To  the  value  per  foot  on  the  frontage 
street,  add  one-quarter  of  the  value  per  foot  of  the  side  street. 

"Thus,  if  the  value  of  the  street  on  which  a  lot  faces  has  been  placed 
at  $100  per  front  foot  for  that  block,  and  the  value  of  the  lots  on  the 
side  street  at  $80  per  front  foot,  the  value  of  the  corner  may  be  safely 
called  $120  per  front  foot. 

"In  estimating  the  value  of  corner  lots  on  any  street,  50  ft.  is  re- 
garded as  coming  under  the  corner  influence.  If  the  50  ft.  is  divided 
up  into  two  holdings,  the  corner  value  with  few  exceptions  applies  only 
to  the  immediate  corner  lot. 
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"Ou  Residoiiee  Streets  in  Transition  to  Business  Streets. — To  the 
value  per  foot  on  the  frontage  street  add  one-half  of  the  value  per  foot 
of  the  side  street. 

"On  Business  Streets  Outside  Dowai-town  Center. — To  the  value  per 
foot  on  the  frontage  street  add  the  full  value  per  foot  of  the  side  street. 
The  increase,  however,  should  not  be  less  than  25%  of  the  high 
value  unit. 

"If  a  transfer  corner,  where  the  intersecting  car  lines  run  at  right 
angles  for  some  distance  and  do  not  parallel  each  other  partly  or 
wholly,  a  fair  basis  to  start  on  is  the  full  value  per  foot  of  the  values 
placed  on  the  four  converging  blocks  added  together.  To  this  add  such 
a  percentage  as  may  be  suggested  by  length  of  distance  traveled  and 
population  of  tributary  territory  thereto  of  said  lines.  Local  condi- 
tions, such  as  license  district  limits,  population  immediately  around 
said  corner,  nearness  of  factory,  church,  or  school,  affect  corner  values 
favorably  or  otherwise. 

"Perhaps  as  accurate  results  as  by  any  method  may  be  arrived  at 
by  estimating  the  value  of  all  the  corners  on  a  given  business  street, 
in  order  to  find  the  relative  value  of  the  particular  one  desired.  Select 
the  best  corner  on  the  street,  then  the  next,  and  the  next,  to  the  least 
valuable  corner.  Get  all  the  data  possible,  of  sales  and  asking  prices. 
Start  from  the  ascertained  facts  and  increase  or  decrease  proportion- 
ately the  value  of  the  corners  as  they  have  been  selected  as  better  or  less 
desirable  than  the  ones  from  which  the  data  have  given  a  starting  point. 

"In  Factory  Districts. — To  the  value  per  square  foot  on  the  main 
frontage  street,  add  three-eighths  of  the  value  per  square  foot  placed 
upon  the  side  street.     Use  square-foot  values  only  in  factory  districts. 

"Down-towTi  Corners. — 'No  rule  can  be  applied  successfully  to  down- 
town corner  values.  Each  must  be  determined  by  itself  on  a  square- 
foot  basis,  taking  into  consideration  location,  conditions,  size,  shape, 
and  even  occupancy.  In  large  department  stores,  one  square  foot  is 
practically  as  good  as  another,  whether  corner  or  inside,  when  con- 
sidered as  a  whole." 

As  in  the  case  of  rules  for  long  and  short  lots,  every  appraiser  is 
not  able  to  gather  a  great  number  of  data,  and  must  be  guided  to  a 
certain  extent  by  the  work  of  those  who  have  made  extensive  investi- 
gations. The  results  of  work  on  corner  lot  values,  however,  are  some- 
what meager  and  contradictory,  and  it  is  advisable  to  study  each  indi- 
vidual problem  and  check,  in  as  many  ways  as  possible,  the  results 
obtained  by  the  application  of  some  rule  or  percentage.  A  corner  lot 
is  more  valuable  than  an  inside  lot  by  reason  of  the  increased  acces- 
sibility, the  better  possibilities  of  utilization,  and  the  additional  light 
and    air.      Increased    accessibility    and    availability    include    all    such 
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factors  as  greater  facility  of  entrance  to  the  property,  added  show- 
window  and  advertising  space,  increased  amount  of  traffic  at  a  corner, 
and  the  greater  possibilities  in  designing  buildings.  If  those  advan- 
tages could  be  appraised  and  their  value  added  to  that  of  an  inside  lot, 
a  check  on  corner  lot  values  would  be  obtained. 

In  the  case  of  business  property,  where  all  the  factors  mentioned 
must  be  considered,  such  a  course  is  scarcely  feasible;  but  it  is  prac- 
ticable in  simpler  cases,  such  as  occur  in  factory  districts,  where  light 
and  air  are  the  only  advantages  to  be  gained  by  corner  locations.  The 
value  of  the  advantage  may  be  measured  in  such  an  instance  by  esti- 
mating how  much  vacant  frontage  would  be  required  adjoining  an 
inside  lot  in  order  to  give  it  as  much  light  and  ventilation  as  the 
corner  lot,  and  multiplying  that  frontage  by  the  unit  land  value.  If 
land  has  a  market  value  of  $400  per  front  foot  and  it  is  estimated  that 
22  ft.  of  vacant  space  would  be  required  to  give  an  inside  lot  as  much 
light  and  air  as  the  corner  lot,  then  the  sum  to  be  added  for  this  ad- 
vantage would  be  22  X  400,  or  $8  800.  The  estimated  additional  front- 
age, of  course,  should  not  exceed  the  width  of  the  side  street.  This 
method  is  modified  by  a  number  of  factors,  such  as  the  height  of  build- 
ings, the  shape  and  size  of  the  lot  under  consideration,  and  the  possible 
design  of  improvements  as  regards  artificial  lighting  or  the  disposition 
of  courts  and  light-wells. 

As  a  rule,  corner  influence  does  not  extend  across  ownership  lines 
along  the  main  street,  and  property  adjoining  a  corner  lot  on  the  main 
street  is  of  little  higher  value  than  any  other  inside  frontage.  Only 
in  so  far  as  it  is  located  close  enough  to  the  corner  to  benefit  by  the 
increased  street  traffic  there  does  it  have  any  increased  value  whatever. 
Along  the  side  street  the  corner  influence  generally  extends  beyond  the 
corner  lot,  the  value  of  frontage  grading  down  regularly  from  the  main 
street  corner  until  the  normal  market  value  on  the  side  street  is 
reached.  As  light  cannot  be  utilized  more  than  40  ft.  from  the  lot  line, 
the  added  value  due  to  it  should  not  attach  to  property  more  than  that 
distance  from  the  corner.  Moreover,  if  the  corner  lot  is  narrow,  the 
light  advantage  cannot  be  completely  utilized,  and  is  of  less  value. 
Corner  values  in  residence  property  are  of  much  less  importance  than 
in  business  property.  In  a  district  where  each  building  is  on  a  fair 
sized  lot  with  plenty  of  space  around  it,  the  corner  has  practically  no 
additional  value  beyond  that  which  is  due  to  the  additional  street  im- 
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provements;  but,  in  more  crowded  sections,  where  there  are  flats  and 
apartment  houses,  the  corner  lot  may  be  worth  from  25  to  50%  more 
than  inside  lots. 

Many  of  the  large  real  estate  and  appraisal  offices  have  their  own 
rules  for  handling  questions  of  long  and  short  lots  and  corner  lots,  and 
guard  them  carefully  as  office  secrets.  It  is  hardly  possible  that  their 
private  studies  should  yield  information  varying  to  any  great  extent 
fi'om  that  which  has  been  discussed  herein,  except  in  cases  where  it 
applies  to  peculiar  local  conditions.  A  number  of  the  most  difficult 
cases  in  determining  land  values  are  encountered  in  appraising  corner 
lots.  Every  corner  lot  presents  a  different  problem,  and,  after  general 
rules  have  been  applied,  each  case  should  be  studied  with  regard  to  its 
peculiar  features. 

Plottage. — In  certain  classes  of  property,  where  several  lots  or  blocks, 
or  an  unusually  large  frontage,  are  held  under  one  ownership,  a  tract 
of  land  may  have  an  additional  value  by  reason  of  its  being  thus  held. 
Where  such  conditions  prevail,  the  tract  is  said  to  have  plottage,  and, 
where  the  land  is  more  valuable  by  reason  of  such  conditions,  to  have  a 
plottage  value.  Although  a  piece  of  land  may  have  an  unusually  large 
area,  it  does  not  have  plottage  value  unless  it  can  be  occupied  by  some 
utility  which  requires  an  extra  large  site.  If  a  tract  of  six  or  eight 
adjoining  lots  is  available  only  for  dwellings  it  will  have  to  be  broken 
up  into  single  lots  in  order  to  be  utilized,  and  consequently  has  no  addi- 
tional value;  but,  if  it  were  owned  by  a  traction  company,  and  used  for 
a  car-barn  site  in  a  district  where  tracts  of  equal  size  were  not  readily 
available,  it  would  have  a  plottage  value.  When  a  market  value  for 
such  a  tract  has  been  determined,  it  is  customary  to  add  a  percentage 
to  cover  the  plottage  value,  and  10  and  15%  are  commonly  used.  Plot- 
tage value  exists  by  reason  of  the  fact  that  it  is  necessary  to  expend 
amounts  in  excess  of  market  values  in  order  to  gather  several  adjoining 
pieces  of  land  under  one  ownership,  and  some  measure  of  the  amount  to 
be  added  for  this  value  can  be  ascertained  by  estimating  what  addi- 
tional expense  would  be  incurred  in  gaining  control  of  several  adjoining 
properties  held  under  separate  ownership.  In  acquiring  land,  under 
such  circumstances,  it  is  not  always  possible  to  condemn,  but  it  is 
possible  to  obtain  options  and  get  the  proposition  lined  up  so  that  the 
owner  of  one  parcel  cannot  demand  a  prohibitive  sum  after  money  has 
been  invested  in  several  surroimding  tracts.     Even  with  careful  buying, 
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however,  the  grantee  is  generally  obliged  to  pay  an  exorbitant  price  for 
one  or  two  lots  in  order  to  close  a  large  deal.  Such  a  transaction,  how- 
ever, is  not  made  unless  a  considerable  portion  of  the  tract  can  be  ob- 
tained at  a  reasonable  market  value,  and  though  a  double  price  may  be 
paid  for  some  pieces,  the  percentage  above  market  value,  computed  on 
the  entire  purchase,  is  not  apt  to  be  excessive. 

Fig.  3  is  a  diagram  of  a  group  of  lots  purchased  by  a  large  company 
for  a  home  office  building  site,  and  is  a  fair  example  of  the  manner  in 
which  such  a  property  is  acquired.  Twenty  parcels  of  land  were  pur- 
chased, constituting  an  entire  city  block.  On  each  parcel  is  shown  the 
estimated  market  value  and  directly  under  it  the  sum  paid  out  for  that 
piece  of  land.  The  market  value  of  the  entire  block  was  $302  000  and 
the  total  cost  of  acquiring  the  twenty  parcels  was  $384  000.  The  excess 
over  market  value  was  $82  000  or  27%,  but,  nevertheless,  the  deal  rep- 
resented a  very  good  piece  of  buying,  and  the  total  tract  could  be  said 
to  have  a  fair  plottage  value  of  $82  000.  This  instance  is  unusual,  a 
much  more  frequent  case  being  where  three  adjoining  lots  are  worth 
$2  400  each  and  the  plottage  value  for  the  three  together  is  estimated 
at  $800.  Plottage  value  may  be  said  to  range  from  10  to  25%  of  the 
market  value,  the  percentage  decreasing  as  the  value  of  property  in- 
creases, and  increasing  in  proportion  to  the  number  of  lots  or  parcels 
constituting  the  tract. 

Cost  of  Acquiring  Land. 

Considered  from  a  different  viewpoint,  plottage  value  is  simply  one 
of  three  items  which  may  be  called  collectively  "the  cost  of  acquiring 
land",  as  it  represents  an  amount  in  excess  of  market  value  which  it  is 
necessary  to  pay  out  in  order  to  purchase  several  adjoining  pieces  of 
land.  Another  item  of  this  group  is  the  cost,  in  connection  with  pur- 
chasing land,  of  buying  and  removing  buildings  or  other  improvements 
which  are  on  the  land  but  are  of  no  value  to  the  purchaser.  There  are 
numerous  cases  in  connection  with  land  purchases  where  large  and 
serviceable  structures  have  been  wrecked  to  make  room  for  a  different 
type  of  improvement,  and,  even  considering  the  salvage,  the  expense 
involved  is  often  considerable.  This  cost,  of  course,  is  subject  to  no 
regular  influence,  and  must  be  determined  under  the  conditions  exist- 
ing where  it  is  encountered.  The  third  item  of  the  cost  of  acquiring 
land  is  the  actual  expense  in  connection  with  making  the  purchase,  and 
composes  one  or  more  of  the  following  sub-items : 


Papers.] 


VALUATION"    OF    LAND 


1397 


$21000 

$12  000 

$12  000 

$12  000 

$15  000 

23  000 

12000 

16  000 

40000 

15  000 

$6000 

14  000 

$11  000 

15  000 

$14  000 

14  000 

$16  000 

$7000 

16  000 

14  000 

$45  000 

$60  000 

70  000 

56  000 

$16  000 

18  000 

$8000 

9000 

$8000 

9000 

$6000 

8000 

$6000 

$6000 
6000 

$5000 
5000 

7000 

$16  000 

17  000 

Upper  Figures =Market  Value 
Lower  Figures=Purchase  Price 


Fig. 


1398  VALUATION    OF    LAND  [Papers. 

Expense  of  searching  for  and  choosing  a  site; 
Salary  or  commission  of  men  engaged  in  buying  land; 
Field   expenses   of   men   engaged   in   buying   land    (railway,   hotel, 
livery,  etc.)  ; 

Expense  of  legal  services  and  examinations  of  title; 
Fees  for  recording  instruments; 
Expense  of  registering  title  in  land  courts ; 
Surveying  and  setting  monuments. 

In  most  cases  the  purchase  is  placed  in  the  hands  of  a  real  estate 
broker,  and  his  fee  is  the  only  expense.  Brokers  generally  charge  as  a 
commission  a  percentage  of  the  consideration,  which  varies  in  dif- 
ferent localities,  depending  often  on  the  rules  fixed  by  real  estate  ex- 
changes and  other  brokers'  organizations.  The  cost  of  abstracts  and 
examinations  of  title  varies  according  to  the  condition  of  the  title,  and 
bears  no  relation  to  the  value  of  the  property.  In  some  cases,  where 
the  title  is  involved,  it  requires  litigation  and  the  expenditure  of  large 
i=ums  to  clear  it.  Such  cases  cannot  be  estimated,  and  the  expense  must 
be  obtained  from  actual  records.  Ordinarily,  the  expenditures  men- 
tioned under  the  third  item  of  the  cost  of  acquiring  land  vary  from 
2  to  8%  of  the  market  value  of  the  property,  the  lower  percentage 
being  more  likely  to  occur  when  land  reaches  high  values. 

Different  Theories  Regarding  Land  Values. 

In  the  valuation  of  a  parcel  of  land,  there  may  be  determined  two 
values :  the  market  value  and  the  cost  to  acquire  the  latter,  representing 
the  cost  of  obtaining  plottage,  the  cost  of  removing  improvements  not 
required,  and  the  expense  in  connection  with  purchasing.  The  two 
values  may  be  determined  for  two  periods,  that  is,  at  the  date  when 
the  land  is  purchased  and  at  the  date  when  the  valuation  is  made.  At 
the  date  of  purchase  both  the  values  represent  an  estimate  of  actual 
expenditures.  At  the  date  of  valuation  the  market  value  may  be  much 
higher,  due  to  an  increase  in  values;  and  the  cost  to  acquire  will  be  a 
speculative  value,  also  increased  over  the  original  cost,  as  it  is  to  a 
large  extent  proportional  to  the  market  value. 

Assume  the  history  of  a  property  to  be  as  follows :  Four  lots  having 
a  market  value  of  $3  000  each  were  purchased  by  a  company  for  the 
Sinn  of  $14  900 ;  buildings  of  no  value  to  the  company  were  purchased 
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and  removed  at  a  net  cost  of  $4  700 ;  and  the  expense  of  purchasing 
the  property  was  $500.  'I'he  total  expc^iditure  was  $20  100,  of  which 
$12  000  represents  market  values  and  $8 100  the  cost  to  acquire. 
Assume,  further,  that  20  years  later  the  lots  have  a  market  value  of 
$6  000  each ;  that  a  careful  estimate  of  the  amount  to  be  added  for 
plottage  is  $5  000 ;  that  the  net  cost  of  removing  the  buildings  is 
placed  at  $11  000 ;  and  the  expense  of  purchasing  at  $700.  Wliat  is 
the  value  of  the  tract  of  land? 


Market 


Net  cost  of 


Date.             Property.              ioi.TT  Plottage.  removing  Expense.  Total. 

^^"*®-  buildings^. 

1S9C         4  lots $12  000  pflOO                $4  700              $500  $30  100 

I'JIH         Same  property..         24  000  .5  000                11000                700  40  700 

The  investment  cost  $20  100.  The  capital  charge  (allowing  for  the 
increase  in  land  value)  is 

$24  000  +  $2  900  +  $4  700  +  $500  =  $32  100, 

or,  if  the  increase  in  plottage  is  also  included, 

$24  000  +  $5  000  +  $4  700  +  $500  =  $34  200. 

The  sale  price  to  another  company  would  be  $24  000  +  $5  000,  or 
$29  000,  but  the  replacement  value  would  be  $40  700.  The  foregoing 
is  an  extreme  case,  and  is  given  to  show  the  variation  in  valuation 
results,  worked  out  under  different  theories  or  for  different  purposes. 
In  public  utility  regulation  cases,  there  is  a  strong  tendency,  in  land 
valuation  at  the  present  time,  to  use  the  market  value  as  of  date  of 
valuation,  and  add  the  cost  to  acquire  as  of  date  of  purchase.  This  is 
in  conformity  with  a  theory  which  allows  a  utility  to  capitalize  the 
increment  in  land  values,  but  does  not  consider  that  it  is  entitled  to 
an  increment,  more  or  less  speculative,  to  expenditures  in  connection 
with  land  purchases. 

Values  Based  on  Special  Z^tilization. — In  frequent  cases  a  tract  of 
land  is  held  to  have  an  exceptional  value  because  it  is  particularly 
adapted  to  the  purposes  of  the  utility  by  which  it  is  occupied.  A  steam- 
power  plant  may  be  on  the  bank  of  a  river  where  plenty  of  water  is 
available  for  heating  and  condensing  purposes,  and  the  conditions  may 
be  such  that  no  other  site  with  equal  facilities  is  to  be  had.  The 
position  often  taken  in  such  cases  is  that  the  location  has  a  peculiar 
advantage  for  steam  plant  purposes,  which  it  would  not  necessarily 
have  for  the  purposes  of  a  wholesale  house,  a  railroad  yard,  or  some 
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other  utility;  and,  as  a  similar  location  cannot  be  obtained,  it  has  a 
value  in  excess  of  the  market  value  of  adjoining  lands.  This  additional 
value  may  be  based  on  the  extra  cost  of  providing  a  tunnel  from  some 
other  location  to  the  river,  or  on  the  saving  effected  by  the  existing 
water  supply  over  a  vpell  supply.  A  further  step  in  this  direction  is 
to  give  land  a  value  based  on  its  highest  utilization,  even  though  such 
utilization  has  not  been  accomplished.  A  notable  instance  is  the  case 
of  certain  islands  in  the  Upper  Mississippi  River  which  were  taken 
for  public  use.  The  jury  assessed  their  value  as  waste  land,  and,  for 
any  except  boom  purposes,  at  $300;  but,  in  view  of  their  adaptability 
for  the  formation  of  a  boom  across  the  river,  at  more  than  $9  000.  The 
Court  found  the  owner  entitled  to  the  larger  sum,  although  the  islands 
were  not  at  the  time,  in  fact,  used  for  boom  purposes,  but  were  capable 
of  such  use.  Instances  of  this  kind  are  mostly  encountered  in  land 
damage  and  land  condemnation  cases,  and  are  based  on  the  wording 
of  the  laws  governing  such  cases,  which  state  in  brief  that  when  a 
man's  property  is  taken  from  him  he  shall  be  recompensed  to  the 
extent  of  its  full  value  for  its  most  valuable  use.  High  values,  in  such 
instances  as  the  steam  plant  location,  however,  are  based  on  the  theory 
of  the  cost  of  replacement  of  the  property.  In  the  majority  of  these 
situations,  neither  was  the  actual  cost  of  the  land  excessive,  nor  could 
the  land  be  sold  to  another  utility  for  a  high  figure;  and  extra  value 
is  claimed  simply  because,  if  the  power  company  did  not  own  the 
site,  it  would  require  great  expenditure  to  obtain  one  which  would 
be  as  suitable. 

The  method  of  handling  such  cases  depends  on  the  theory  under 
which  the  valuation  is  undertaken.  If  the  basis  of  the  work  is  "what 
would  it  cost  us  to  replace  this  land  if  we  did  not  own  it",  or  "what 
expenditures  would  be  entailed  if  we  could  not  obtain  it",  it  is  easy 
to  justify  extreme  values.  Consideration  should  be  given,  however, 
to  factors  which  sometimes  modify  these  values.  A  small  rocky  island 
in  a  river  may  be  said  to  be  very  valuable  to  a  water-power  company 
as  an  anchorage  for  a  dam,  but,  in  valuing  the  entire  property  of 
the  company,  the  fact  that  a  high  value  has  been  placed  on  a  bit  of 
waste  land  increases  the  theoretical  cost  of  developing  the  water-power, 
and,  when  the  value  of  water-power  rights  is  computed,  they  will  be 
found  to  have  a  lesser  value  to  exactly  the  extent  that  the  theoretical 
cost  of  development  has  been  increased  by  placing  a  high  value  on  the 
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island.  Such  an  it^land  may  save  many  dollars  to  a  railroad  company 
as  a  footing  for  a  bridge  pier,  but,  if  it  has  been  necessary  to  change 
the  grade  or  alignment  of  the  road  in  order  to  cross  the  river  at  that 
point,  the  saving  may  be  greatly  reduced.  Even  though  the  island 
were  directly  in  the  path  of  the  railroad  line  and  could  be  utilized 
for  a  bridge  foundation  without  any  extra  expenditure  to  make  it 
available  for  that  purpose,  it  is  questionable  whether  the  land  would 
have  any  but  a  nominal  value.  The  island  is  only  a  natural  feature 
of  the  territory  crossed  by  the  railroad,  and  to  claim  a  high  value  for 
it  is  akin  to  placing  a  higher  value  on  railroad  right  of  way  in  a  level 
district  than  in  a  hilly  one,  where  land  has  the  same  value  for  farm 
purposes,  but  where  earthwork  and  curves  make  railroad  construction 
and  operation  more  expensive.  It  is  evident  that  appraising  land 
on  the  basis  of  its  value  for  certain  uses  may  be  carried  to  absurdities. 
To  return  to  the  case  of  the  steam-power  plant,  previously  cited: 
There  are  in  every  large  community  utilities  which  require  facilities 
for  coal  and  water  supplies,  and,  if  locations  with  such  facilities  are 
limited,  the  competition  is  bound  to  develop  a  stiff  market  value  for 
land  of  that  class.  On  the  contrary,  in  situations  where  the  plant 
is  on  land  which,  if  not  used  for  power-plant  purposes,  would  be 
occupied  by  a  utility  which  would  not  take  advantage  of  the  special 
facilities  offered,  the  market  value  of  the  land  should  be  based  on  that 
class  of  utilization.  Sometimes  a  utility,  in  buying  a  piece  of  land 
particularly  suited  to  its  purposes,  pays  a  large  sum  for  it  when  no 
other  utility  is  competing  for  the  location,  simply  because  the  owner 
recognizes  that  the  purchaser  is  especially  desirous  of  obtaining  it  and 
holds  to  a  figure  above  the  market  value.  The  utility  may  want 
the  land  because  it  has  special  facilities  for  coal  and  water  supplies 
or  because,  it  adjoins  land  already  owned,  but  in  either  case  it  is 
simply  a  circumstance  that  confronts  the  purchaser,  and  the  market 
value  of  the  land  is  not  increased  thereby.  Generally,  the  sum  paid 
for  a  piece  of  land  having  a  special  value  to  the  purchaser  is  not 
excessive,  due  to  the  fact  that  the  seller  frequently  considers  the  value 
from  the  viewpoint  of  his  own  utilization  of  it,  and  does  not  ask 
himself  "what  is  it  worth  to  the  purchaser".  A  railroad  company 
requiring  earth  for  a  large  fill  may  acquire  a  particularly  suitable  piece 
of  land  at  the  market  value,  the  seller  having  in  mind  only  its  value 
as  farm  land  and  not  considering  that  the  purchaser  wants  it  for  filling 
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material  and  would  have  a  long  haul  if  the  material  were  obtained 
elsewhere.  Under  such  conditions,  the  purpose  for  which  property  is 
wanted  is  concealed,  and,  where  the  identity  of  the  purchaser  would 
suggest  it,  the  transfer  is  made  through  a  third  party. 

In  concluding  this  phase  of  land  values  it  may  be  said  that  the  cost 
of  replacement  as  applied  to  land  may  lead  to  extreme  results,  and  fur- 
thermore, it  is  a  theory  which  is  considered  by  many  authorities  to  be 
iinsound  for  most  appraisal  purposes.  If  a  market  value  is  to  be  deter- 
mined for  land  which  has  special  advantages  for  certain  utilizations, 
it  should  not  be  abnormally  high  unless  there  is  competition  for  the 
location  based  on  its  peculiar  facilities. 

Value  of  Railroad  Land. — The  valuation  of  railroad  lands  is  a 
problem  which  has  confronted  appraisers  in  recent  years.  Such  valua- 
tions are  generally  made  by  employing  men  familiar  with  land  values, 
and  they  gather  sales  and  other  data  regarding  the  value  of  land  along 
the  railroad  right  of  way,  and  use  the  information  collected,  supple- 
mented with  personal  opinions,  assistance  from  real  estate  dealers,  and 
notes  from  the  company's  records,  to  fix  the  values.  Railroad  lands  are 
so  extensive,  and  include  so  many  grades  of  property,  that  an  appraiser 
is  not  warranted  in  going  into  details  to  the  extent  that  is  customary 
in  making  ordinary  land  valuations.  Not  only  would  it  be  too  laborious 
a  procedure  under  most  circumstances,  but  there  would  be  little  net 
gain  in  the  accuracy  of  results.  By  using  a  rougher  method,  any 
individual  tract  of  railroad  land  may  be  given  a  market  value  that  is  in 
error,  but,  if  all  inaccuracies  are  compensating,  the  net  error  through- 
out a  State,  or  even  in  one  city,  is  a  very  small  percentage  of  the  total 
value. 

The  method  of  using  tax  assessments  which  has  been  outlined  here- 
tofore is  particularly  applicable  to  the  valuation  of  railroad  lands. 
Maps  are  first  provided  showing  the  railroad  lands  and  also  the  adjoin- 
ing i^roperty  for  several  blocks  on  each  side  of  the  right  of  way  and 
terminal  grounds.  Owing  to  the  nature  of  railroad  lands,  the  units, 
such  as  lot  values  and  front  foot  values,  cannot  be  readily  applied,  and 
it  is  necessary  to  use  the  value  per  square  foot.  In  order  to  compare 
and  apply  the  assessments  on  adjoining  lands,  they  must  be  reduced  to 
the  square-foot  unit,  if  they  do  not  exist  in  that  form  in  the  public 
records.  The  assessments  are  recorded  on  the  map,  and  the  right  of 
way  is  then  inspected  in  the  field  in  order  to  determine  its  relative  value 
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as  compared  with  adjoining"  lands.  In  the  lic^ht  of  the  inspection  and 
the  data  recorded  on  the  maps,  the  railroad  lands  are  given  an  assessed 
valne  which  is  suhseiiuently  converted  to  market  value  by  apijlying  the 
ratio  which  has  been  found  to  exist  in  that  particular  district  between 
market  values  and  assessment  values.  The  market  value  determined 
for  any  given  piece  of  railroad  land  may  be  slightly  incorrect,  but  the 
net  result  for  a  city  is  accurate,  as  no  cumulative  errors  are  introduced. 
This  method  may  be  used  in  either  city  or  country  districts,  and  is 
very  convenient  where  good  sales  are  scarce,  which  is  generally  the 
case. 

Cost  of  Acquiring  Railroad  Land. — In  acquiring  railroad  right  of 
way,  many  expenditures  are  incurred  in  addition  to  paying-  the  market 
value  of  the  land  purchased.  Among  the  more  important  may  be  listed 
the  following: 

1. — Wages  and  commissions  of  men  engaged  in  purchasing  land ; 

2. — Field  expenses,  traveling,  livery,  board,  etc.,  of  men  engaged 
in  purchasing  land; 

3. — Printing  and  advertising,  notices,  etc. ; 

4. — Abstracts  and  examinations  of  title; 

5. — Fees  for  filing  and  recording  documents,  etc.; 

6. — Condemnation  and  legal  expenses; 

7. — Purchase  of  buildings,  orchards,  crops,  etc.,  on  land  required 
for  railroad  purposes ; 

8.^ — Damages  to  adjoining  property ; 

9. — In  addition  there  are  the  amounts  paid  out  which  represent 
no  value  received  or  damage  inflicted,  but  merely  the  sums 
which  it  is  possible  for  land  owners  to  extort  from  a  railroad 
company  under  the  conditions  which  prevail  in  buying  rail- 
road lands. 

The  first  six  items  are  small,  and  range  from  4  to  12%  of  the  total 
amount  paid  for  land.  The  smaller  percentage  obtains  in  the  case  of  a 
large  railroad  having  a  land  department  and  a  purchasing  organization, 
and  the  larger  percentages  are  found  in  the  case  of  small  electric  lines 
acquiring  only  a  few  miles  of  right  of  way,  and  using  only  a  temporary 
organization  for  the  purpose.  These  items  are  of  minor  importance, 
however,  and  the  cost  of  acquiring  railroad  land  is  determined  chiefly 
by  the  magnitude  of  Items   7,  8,  and  9.     These  three  items  are  not 
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governed  by  any  established  laws  or  ratios,  but  are  controlled  to  a  cer- 
tain extent  by  the  following  factors,  and  it  is  impossible  to  determine 
the  extent  of  any  one  influence  separately : 

1. — Value  of  Land. — As  the  value  of  land  increases,  the  propor- 
tional cost  to  acquire  decreases.  In  buying  cheap  lands,  the 
railroad  companies  do  not  make  the  effort  in  purchasing  that 
is  made  in  cities,  where  the  investment  is  larger,  nor  are  they 
so  likely  to  resort  to  condemnation,  for  it  is  sometimes  cheaper 
to  pay  five  or  ten  times  the  market  value  of  poor  lands  than 
to  undertake  the  expense  of  condemnation. 

2. — Ownership. — The  class  of  ownership  and  the  area  of  land 
under  single  ownerships  is  a  factor.  In  some  of  the  lumber 
States  there  are  thousands  of  acres  of  cut-over  timber  lands 
lield  by  single  lumber  companies,  and  it  is  i)ossible  to  obtain 
large  portions  of  a  right  of  way  at  reasonable  figures  by  deal- 
ing with  only  a  few  such  land-holders. 

8. — The  extent  to  wliich  a  community  is  built  u[»  obviously  affect-- 
the  matter  of  damages  in  both  city  and  country  lands.  In 
undeveloped  territory,  it  is  possible  to  buy  land  cheaper  by 
reason  of  the  fact  that  land-holders  are  desirous  of  obtaining 
railroad  facilities.  A  new  line  through  districts  already  well 
supplied  with  railroads,  however,  obtains  no  such  favors. 

4. — The  direction  of  a  railroad  line  has  some  effect  on  the  extent 
of  damages.  A  line  running  diagonally  across  the  country 
cuts  all  farms  into  triangular  pieces,  but  a  right  of  way  which 
parallels  the  section  lines,  preserves  the  sliape  of  fields  and 
causes  less  damage. 

5. — One  of  the  chief  factors  in  the  cost  of  acquiring  railroad  lands 
is  the  skill  of  the  company's  buyers.  There  are  instances 
where  right  of  way  has  cost  a  railroad  company  50%  more 
than  it  should  have,  owing  to  poor  buying. 

There  are  many  other  influences  which  are  of  a  minor  or  local 
nature. 

The  only  way  to  determine  the  cost  to  acquire  a  given  strip  of  right 
of  way  is  to  learn  from  the  company's  records  what  was  actually  paid 
out  in  acquiring  it  and  deduct  from  that  sum  the  estimated  market 
value  of  the  land.     Investigations  of  this  kind  show  that  the  cost  under 
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different  conditions  varies  tremendously,  ranging  all  the  way  from  5  to 
000%  of  the  market  value.  If  it  is  necessary  to  make  an  estimate  of 
this  cost  and  no  records  are  available,  a  study  should  be  made  of  the 
results  of  purchases  of  railroad  lands  in  near-by  territory,  under  sim- 
ilar conditions  to  those  affecting  the  right  of  way  under  consideration. 
If  such  a  guide  is  not  to  be  had,  an  estimate  is  largely  guesswork. 
Altliough  the  variation  is  great,  the  average  of  the  cost  to  acquire  land 
for  railroad  pvirjioses  in  a  number  of  instances  has  been  from  50  to 
100%  of  the  market  value  in  cities  and  from  200  to  300%  of  the  market 
value  in  country  districts. 

Cost  op'  Land  Appraisals. 

The  cost  of  making  api^raisals  of  property  generally  runs  from  one 
to  two-tenths  of  1%,  and,  as  a  rule,  the  work  done  on  the  land  should 
not  be  more  expensive  than  that  on  other  classes  of  property  in  an 
inventory.  Real  estate  men  charge  fees  for  appraising  land  which 
range  as  high  as  one-quarter  of  1%  for  city  property  and  one-half  of 
1%  for  suburban  property.  The  cost  of  valuing  the  land  of  a  utility 
should  increase  according  to  the  number  of  scattered  parcels  to  be 
handled,  and  should  decrease  in  proportion  to  the  increase  in  the  value 
of  lands  to  be  appraised.  It  may  easily  require  less  effort  to  appraise 
a  single  parcel  of  land  worth  several  hundred  thousand  dollars  than  to. 
place  a  value  on  several  parcels,  the  aggregate  value  of  which  is  not 
nearly  as  great. 
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J.  B.  L!PPiNCOTT,t  M.  Am.  Soc.  C.  E.  (by  letter). $ — The  writer  Mr. 
wishes  to  express  his  appreciation  of  this  paper  concerning  the  work  'pp'°^^  • 
of  the  U.  S.  Weather  Bureau  in  California.  This  subject  is  of  such 
interest  to  the  hydraulic  engineers  of  the  West  that  this  Committee 
(consisting  of  Mr.  Binckley  and  Mr.  Lee),  representing  the  Southern 
California  Association  of  Members  of  the  American  Society  of  Civil 
Engineers,  was  appointed  for  the  purpose  of  reviewing  this  work.  The 
report  of  the  Committee  was  presented  at  a  regular  meeting  of  the 
Association,  an  evening  was  given  to  its  discussion,  a  resolution  of 
commendation  was  passed,  and  its  publication  by  the  Society  was 
requested. 

The  work  of  the  Weather  Bureau  and  its  predecessor,  the  United 
States  Signal  Service,  in  arid  America  has  been  of  great  value  to 
engineers  engaged  in  the  study  of  the  water  problems  of  the  West. 
The  writer  is  especially  indebted  to  the  Service  for  much  useful  infor- 
mation. It  is  relatively  an  easy  matter  to  maintain  rain  gauges,  and 
an  exceedingly  difficult  one  to  maintain  stream  gauging  stations 
throughout  a  term  of  years.     For  this  reason  the  engineers  have  had 

*  Discussion  of  the  paper  by  George  S.  Binckley,  M.  Am.  Soc.  C.  E.,  and  Charles 
H.  Lee,  Assoc.  M.  Am.  Soc.   C.   E.,   continued  from   March,   1916,  Proreedini/s. 
t  Los  Angeles,   Cal. 
t  Received  by   the  Secretary,   October   16th,   1916. 
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to  rely  largely  on  records  of  the  Weather  Bureau  and  Signal  Service 
as  a  basis  of  their  study  of  the  available  water  supply  for  irrigation 
and  water  power. 

There  is  a  constant  tendency  for  the  older  bureaus  of  the  Federal 
Government  to  maintain  themselves  in  the  City  of  Washington  without 
adequate  field  inspection,  particularly  of  the  far  western  country.  It 
is  not  efficient,  and  in  fact  usually  is  very  unintelligent  for  one  to 
endeavor  to  direct,  year  after  year,  from  a  desk  in  the  Capital,  field 
operations  on  the  far  side  of  a  continent.  This  lack  of  proper  execu- 
tive has  not  alone  characterized  the  Weather  Bureau  for  a  number 
of  years  past,  but  many  other  departments  of  the  Government.  This 
habit  was  broken  away  from  vigorously  first  by  the  Geological  Survey, 
and  then  by  the  Forest  Service  and  the  Reclamation  Service. 

The  Engineering  Profession  should  use  its  influence  in  obtaining, 
if  possible  by  co-operation  with  the  Weather  Bureau,  an  expansion 
and  improvement  of  its  work  along  lines  that  .will  be  of  greater  value 
to  this  Profession. 

In  California  there  are  two  great  hydrographic  features:  First,  the 
Pacific  Ocean  with  850  miles  of  coast  line  lying  to  the  west,  from  which 
all  moisture  is  derived;  and,  second,  the  great  Sierra  Nevadas  and 
Coast  Ranges  of  mountains  that  are  the  condensers  which  collect  the 
vapor  from  the  clouds  and  put  it  into  the  streams.  The  rainfall  in 
the  valleys  of  California  is  small,  ranging  from  5  to  10  in.  in  the  Great 
Central  Valley,  and  from  10  to  15  in.  along  the  coastal  plains  of 
Southern  California.  The  desert  rainfall  to  the  east  of  the  Sierra  is 
less  than  5  in.  annually.  The  precipitation  on  the  mountain  crests 
is  enormously  greater,  the  increase  in  depth  of  annual  rainfall  being 
at  the  rate  of  approximately  0.6  in.  for  each  100  ft.  rise  in  elevation 
on  the  western  slopes  of  the  ranges  up  to  some  unknown  limit  of 
from  6  000  to  8  000  ft.  The  water,  both  for  the  irrigation  supply 
and  the  development  of  jwwer,  comes  from  these  high  mountains,  yet 
in  California  there  are  eleven  regularly  established  Weather  Bureau 
stations,  all  in  the  valleys  and  none  in  the  higher  mountains,  the 
one  possible  exception  being  on  Mt.  Tamalpais,  which  is  a  branch  of 
the  San  Francisco  office  on  a  foot-hill  near  that  city. 

Apparently,  the  original  purpose  of  the  Weather  Bureau  was  to 
be  of  primary  aid  to  shipping,  which  is  of  first  importance.  Seven 
of  the  eleven  official  weather  stations  in  California  are  on  the  sea  coast, 
and  the  others  are  in  low  valleys.  In  California  there  is  great  variation 
in  the  rainfall  within  short  distances.  For  instance,  at  Fresno,  in 
the  San  Joaquin  Valley,  the  yearly  rainfall  is  about  7  in.,  and  30  or 
40  miles  away  the  precipitation  on  the  Sierra  Nevadas  is  from  50 
to  60  in.,  yet  there  are  three  official  stations  in  the  Central  Valley 
and  none  on  this  main  range.  In  a  horticultural  State  which  relies 
largely  on  irrigation  for  its  success,  and  is  greatly  interested  in  flood 
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problems  and  inland  waterways,  this  would  appear  to  be  a  condition  Mr. 
to  correct.  The  same  argument  applies  in  Southern  California.  If  "^'""'" 
it  is  impossible  to  discontinue  any  one  of  the  seven  coast  stations,  it 
is  essential  that  additional  regular  stations  be  established  in  the  high 
mountain  drainage  basins.  Apparently,  the  cost  of  maintaining  one 
of  the  city  offices  would  be  enough  to  support  two  in  a  forest  reserve 
where  a  cabin  could  be  built  and  the  records  kept  in  an  open  field. 

There  are  some  voluntary  observers  in  these  mountain  regions,  but 
they  are  rarely  at  the  higher  elevations,  or  at  points  where  maximum 
precipitation  occurs.  These  voluntary  observations  are  usually  frag- 
mentary, and  are  not  an  adequate  substitute  for  a  regular  station. 

Roth  off  the  west  coast  of  Europe  and  the  west  coast  of  America 
the  warm  currents  or  streams  of  the  ocean  have  a  profound  effect  on 
the  climatic  conditions  of  the  regions  on  which  they  ipipinge.  It  is 
quite  possible  that  there  is  some  variation  or  swing  in  these  ocean 
streams  from  year  to  year.  I^avigators  talk  of  open  and  closed  winters 
off  the  coast  of  Northern  Alaska,  and  there  have  been  remarkable 
grou])s  of  wet  and  dry  years  in  California.  Storms  originate  on  and 
travel  easterly  from  the  Pacific  Ocean  across  the  continent.  So  far 
as  the  Avriter  knows,  nothing  has  been  done,  in  a  broad  and  systematic 
way,  to  study  the  fluctuation  in  temperatures  of  the  ocean  water  off 
the  Pacific  Coast.  There  are  light-houses  at  short  intervals  from 
San  Diego  to  Seattle,  and  others  farther  north.  It  would  be  a  simple 
matter,  not  accompanied  by  serious  expense,  for  the  Weather  Bureau 
to  arrange  with  the  Light-house  Seiwice  for  the  taking  of  daily  tem- 
peratures of  the  water  of  the  ocean,  Avith  a  view  of  determining  the 
possible  relations  between  changes  of  water  temperatures  and  cycles 
of  wet  and  dry  years.  There  may  be  no  such  relation,  but  it  is  a 
physical  condition  that  might  be  studied  to  great  advantage.  The 
fishing  industry  of  the  Pacific  Coast  is  growing  to  prime  importance, 
and  some  believe  that  the  schools  of  fish  in  their  migrations  are 
influenced  by  the  ocean  temperatures  and  that  the  season's  catch  is 
thus  governed. 

It  is  respectfully  submitted  that  the  work  of  the  Weather  Bureau 
could  be  substantially  improved,  also,  at  the  localities  where  regular 
stations  are  now  established.  It  is  recognized  by  engineers,  and  also 
by  the  old  Signal  Service,  that  precipitation  records  should  be  taken 
on  the  level  places  rather  than  on  pinnacles  or  near  obstructions.  The 
T^.  S.  Weather  Bureau  has  published  a  record  of  the  rainfall  in  San 
Francisco  extending  back  to  1849.  This  is  a  composite  of  observations 
made  successively  at  six  different  stations.  In  1892  the  station  was 
moved  to  the  roof  of  the  Mills  Building.  There  is  available  a  rainfall 
record,  made  by  Mr.  John  Pettee,  extending  back  to  1865-66.  Although 
it  is  said  that  the  gauge  observed  by  Mr.  Pettee  was  moved  to  different 
parts  of  the  city  several  times,  it  is  believed  that  it  was  always  estab- 
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lished  near  the  ground,  as  distinctive  from  the  roof  of  a  building. 
For  the  27  years  prior  to  1892  the  Pettee  record  shows  a  reasonably 
close  relation  to  that  of  the  Weather  Bureau,  being  an  average  of 
97.2%  of  it.  Subsequent  to  this  date  (when  the  Weather  Bureau 
station  was  moved  to  the  roof  of  the  eleven-story  Mills  Building)  there 
was  a  decided  difference  in  the  ratio  of  the  two  records.  For  the 
period,  1892-93  to  1900-01,  the  Pettee*  record  was  134.4%  of  the 
Weather  Bureau  record.  This  may  not  be  taken  as  conclusive  of  the 
ratio  of  records  maintained  on  the  roofs  of  high  office  buildings  and 
those  observed  near  the  ground,  but  it  certainly  indicates  a  wide  differ- 
ence in  the  results.     Other  examples  could  be  referred  to.f 

Again,  in  such  a  country  as  California,  where  a  change  of  a  few 
degrees  in  temperature  in  the  spring  or  winter  is  apt  to  mean  the  loss 
of  the  fruit  crop  by  freezing,  it  is  not  satisfactory  to  have  temperature 
taken  on  the  roofs  of  high  buildings.  Occasionally,  we  are  confronted 
with  reports  of  frozen  fruit,  and  see  some  ice  in  the  streets,  but  we 
are  assured  by  the  official  records  of  the  Weather  Bureau,  taken  at 
its  regular  station,  that  the  minimum  temperatures  have  been  well 
above  freezing.  The  reverse  conditions  exist  in  midsummer.  When 
attention  is  called  to  this  we  are  told  to  apply  some  factor  in  correction, 
but  few  persons  outside  the  Service  know  what  these  factors  are. 
In  the  writer's  opinion,  these  observations  should  be  taken  on  the 
surface  of  the  ground,  as  it  is  not  satisfactory  to  say  that  corrections 
may  be  applied  to  adjust  this  great  mass  of  observed  data  to  normal 
conditions. 

There  are  a  number  of  voluntary  meteorological  observers,  mostly 
in  the  valleys  of  California,  who,  year  after  year,  send  in  records  of 
rainfall  and  temperature,  whose  stations  are  not  inspected,  and  who 
are  not  given  personal  instructions  and  encouragement  as  to  the 
method  of  their  work.  Although  some  of  the  rain  gauges  are  in  good 
locations,  others  are  not,  and  may  be  misleading.  A  distinction  should 
be  made  in  the  records.  The  writer  knew  of  two  old  gentlemen  who 
kept  a  rainfall  record  for  20  years,  from  1882  to  1902,  at  a  place  known 
as  Second  Gerrote  at  an  elevation  of  2  714  ft.  Their  gauge  consisted 
of  three  tin  cans  wired  together  and  set  out  in  the  open  lot  to  catch 
the  rainfall.  The  depth  of  rain  was  read  in  each  can  with  an  ordinary 
foot-rule  at  the  end  of  each  storm,  and  the  three  observations  were 
averaged  and  carefully  recorded  in  a  notebook.  Such  interest  in  a 
scientific  subject  should  be  encouraged  by  a  visit  and  personal  com- 
mendation, and  the  furnishing  of  adequate  instruments  for  observation 
and  instruction.  The  writer  has  never  known  of  an  extended  field 
inspection  trip  being  made  by  any  officer  of  the  Weather  Bureau  to 
these  voluntary  meteorological  stations  in  California,  the  records  from 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXI,  p.  561. 
t  Farming's  "Hydraulics",  p.  64. 


I'apois.i  Discrsslox  :  weatiikr  lU'UK.vr  skhvick  i\  cAi.iroHxiA  1411 

many   of    wliicli    have    hct^n    continually    published    for   years.      It    is       Mr. 
probably  not  the  lack  of  interest  on  the  part  of  the  local  observers,    'pp'"'^'°   • 
but    rather    because    of    the    "system"    that     is    passed    down    from 
Washington. 

A  great  deal  of  the  work  done  by  the  men  of  the  Weather  Bureau 
is  highly  valuable  and  greatly  appreciated.  Their  prediction  of  frosts 
is  of  greatest  importance  to  the  fruit  growers  of  California ;  their 
prediction  of  storms  is  essential  to  the  mariner.  These  gentlemen 
deserve  full  credit  for  the  thoroughness  of  their  organization,  which 
is  believed  to  be  the  most  extensive  meteorological  department  in  the 
world,  yet  it  is  suggested  that  this  service,  good  as  it  is,  could  be  sub- 
stantially improved,  from  the  standpoint  of  the  engineer,  without  the 
necessity  of  large  additional  outlays. 
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By  ilKssus.  Edwin  Durvea,  Jr...  and  H.  L.  HAEHL.f 


EowiN  Durvea,  Jr.4  M.  Am.  Soc.  C.  E.,  and  H.  L.  Haehl4  Messrs. 
As.'^oc.  M.  Am.  Soc.  C.  E.  (by  letter). || — In  tlie  paper  stress  was  laid  on  ^"imf^ 
the  uniforitiity  of  climatological  conditions  throughout  the  Great  Haehi. 
Plateau  which  lies  between  the  Western  and  Eastern  Sierra  Madres, 
but  it  contained  no  data  to  prove  the  claim ;  and,  before  taking 
up  the  consideration  of  the  discussions,  some  data  will  be  pre- 
sented to  show  such  uniformity,  as  asked  for  by  Mr.  Adolph  F.  Meyer. § 
It  is  believed,  also,  that  these  data  will  be  of  assistance  and  value  to 
any  one  who  may  haA^e  occasion  to  make  hydrographic  studies  of  areas 
within  the  Great  Plateau.  The  comparisons  will  be  confined  to  rain- 
fall, stream  flow,  and  mean  temperatures  (the  only  data  available),  and 
these,  necessarily,  are  more  or  less  incomplete.  However,  as  rainfall 
and  stream  flow  may  be  regarded  as  resultant  elements  of  climate  (as 
distinguished  from  such  causative  elements  as  humidity,  wind,  sun- 
shine, etc.),  the  latter  are  in  a  sense  included  in  the  former — and  simi- 
larities in  rainfalls,  stream  flows,  and  mean  temperatures  are  believed 
in  general  to  show  similarities  in  climates. 

Rainfall. — The  rainfall  relations  to  be  given  are  based  on  the  rain- 
falls of  13  years,  1901  to  1913,  for  which  reasonably  complete  data  of 
observed  monthly  rainfalls  were  secured  for  fourteen  rainfall  stations 
in  Southern  Texas  and  New  Mexico  and  for  fourteen  stations  in  North- 
western Mexico.     Such  gaps  as  existed  in  the  rainfall  data  were  filled 

*  Discussion  of  the  paper  by  Edwin  Duryea,  Jr.,  M.  Am.  Soc.  C.  E.,  and  H.  L.  . 
Haehl,  Assoc.  M.  Am.   Soc.  C.  E.,  continued  from  May,   1916,  Proceedings. 
t  Authors'  closure. 
t  San  Francisco,  Cal. 

II  Received  by  the  Secretary,  October  9th,  1916. 
§  Proceedings,  Am.  Soc.  C.  E..  for  February,  1916,  p.  243. 
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by  oarelul  comparative  use  of  otlicr  near-by  rainfall  records,  and  the  Messrs. 
aineiided  yearly  rainfalls  as  used  are  believed  to  be  reasonably  accurate,     and 

A  brief  summary  of  the  yearly  rainfalls  at  the  fourteen  rainfall  ^"■^^^• 
stations  in  Southern  Texas  and  New  Mexico  and  the  fourteen  stations 
in  Northwestern  ^Mexico  is  given  in  Table  79.     The  locations  of  the 
twentj'-eight  stations  are  shown  on  the  isohyetose  map,  Plate  XIII. 

Examinations  of  Table  79  and  of  the  detailed  tables  from  which  it 
is  derived  show  the  following  general  relations  between  the  rainfalls  in 
Northwestern  Mexico  and  those  in  Southern  Texas  and  New  Mexico: 

(a)  During  the  13  years,  the  maximum  yearly  rainfall  at  eight  of 
the  fourteen  Texas  and  New  Mexico  stations  and  at  eleven  of 
the  fourteen  Mexico  stations  occurred  in  1905 ;  and,  during  the 
same  year,  the  rainfalls  at  each  of  the  six  remaining  stations 
in  Texas  and  New  Mexico  and  the  three  remaining  stations  in 
Mexico  were  above  the  average  and  generally  high,  even 
though  not  maxima. 

(fe)  During  the  13  years,  the  minimum  yearly  rainfall  at  eight  of 
the  Texas  and  New  Mexico  stations  and  at  eight  of  the 
Mexico  stations  occurred  in  1910;  and,  during  the  same  year, 
the  rainfalls  at  all  but  one  of  the  six  remaining  stations  in 
Texas  and  New  Mexico  and  at  all  the  six  remaining  stations 
in  Mexico  were  below  the  average  and  generally  low,  even 
though  not  minima. 

The  comparative  regional  yearly  rainfalls  for  each  of  the  13  years 
are  shown  in  Table  80. 

TABLE  80. — CoMPABATivE  Eegional  Yearly  Eainfalls  in  Southern 
Texas  and  New  Mexico,  and  in  Northwestern  Mexico,  for  Each 
OF  THE  13  Years,  1901-13. 


Year. 

Mean  of  Fourteen  Stations  in 
Texas  and  New  Mexico, 

Mean  of  Fourteen  Stations  in 
Mexico. 

Inche.s. 

Percentage. 

Inches. 

Percentage. 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

12.8 
13.1 
15.8 
16.4 
23.2 
17.7 
16.2 
12.8 
10.4 
8.5 
16.2 
14.0 
17.1 

=   100 
=   100 
=    100 
=  100 
=  100 
=  100 
=  100 
==  100 
=  100 
=  100 
=   100 
=  100 
-  100 

9.7 
11.8 
11.3 
13.4 
18.5 
15.3 
11.7 
10.2 
10.3 

6.1 
14.9 
11.1 
13.8 

=  75.7 
=  90.1 
=  71.5 
=  81.7 
=  79.7 
=  86.5 
^-  72.2 
=  79.8 
=  99.1 
=  71.8 
=  92.0 
=  79.3 
=  80.7 

Average 

14.90 

=  100 

12.18 

=  81.8 

% 
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Messrs.  From  Table  80,  the  Mexican  regional  yearly  rainfall  varies  from 
and^**  about  71%  to  about  99%  of  that  in  Southern  Texas  and  New  Mexico, 
Haehi.  averaging  about  82%  for  the  13-year  period,  and  being  between  75 
and  85%  for  7  of  the  13  years. 

It  should  be  added  that,  not  only  do  the  yearly  rainfalls  of  the  two 
regions  resemble  each  other  closely,  but  that  the  distributions  of  the 
yearly  rainfalls  among  the  12  months  also  are  very  similar,  there  being 
throughout  the  two  regions  a  distinct  rainy  season  of  about  4  months 
(June  to  September,  inclusive),  during  which  about  three-quarters  of 
the  total  rainfall  of  the  year  occurs. 

Also,  even  such  a  very  unusual  vagary  as  the  heavy  snowfall  (about 
6  in.)  which  occurred  at  and  south  of  La  Boquilla,  Mexico,  in  the  latter 
part  of  January,  1915,  occurred  simultaneously  at  and  north  of  El 
Paso,  Tex. 

A  more  logical  comparison  of  the  regional  rainfalls  of  the  two  areas 
was  made,  as  follows: 

At  each  of  the  fourteen  Texas  and  New  Mexico  stations,  each  year's 
rainfall  was  expressed  as  a  percentage  of  the  mean  yearly  rainfall  at 
that  station  for  the  13  years;  and,  for  each  of  the  13  years,  a  mean  was 
taken  of  the  fourteen  values  of  Texas  and  New  Mexico  percentages,  to 
show  the  general  relation  throughout  Southern  Texas  and  New  Mexico 
of  each  .year's  rainfall  to  the  mean  rainfall.  The  yearly  rainfalls  at 
each  of  the  fourteen  stations  in  Mexico  were  treated  similarly  for  each 
of  the  same  13  years,  and  the  resulting  regional  rainfall  relations  were 
derived,  as  shown  in  Table  81. 

In  Table  81  the  percentage  rainfall  relations  varied  from  100% 
only  by  from  —  12  to  -|-  22%  for  the  separate  years,  and  the  means 
for  the  13  years  varied  by  only  0.4%  ;  and  after  the  end  of  the  third 
year,  the  maximum  difference  in  the  means  was  only  2.6  per  cent. 

As  it  might  be  that  the  13-year  period,  1901-13,  was  too  short  or  too 
erratic  to  give  true  mean  yearly  rainfalls,  that  point  was  investigated 
for  the  fourteen  rainfall  stations  of  Southern  Texas  and  New  Mexico, 
with  the  results  shown  in  Table  82. 

In  Table  82  the  mean  yearly  rainfall  at  each  of  the  fourteen 
stations  for  the  13  years  varied  from  the  mean  yearly  rainfall  for  the 
47  to  19  years  by  only  from  —  5.2  to  -[-  15.8%,  with  an  average 
variation  for  the  fourteen  stations  (or  for  the  Southern  Texas  and 
New  Mexico  region)  of  only  -\-  5.2  per  cent. 

This  concludes  the  comparison  of  the  rainfalls  of  the  two  regions, 
and  is  believed  to  show  that  they  have  a  marked  similarity. 

Stream  Flow. — Some  data  are  available  to  show  the  uniformity  of 
the  stream  flow  characteristics  throughout  Northwestern  Mexico,  but 
none  is  at  hand  easily  to  include  Texas  and  New  Mexico  in  the 
comparison.  The  available  stream  flow  data  are  the  measured  flows 
of  the  Eio  Conchos  for  the  14  years,   1900-1913,  at  its  mouth,  near 
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Messrs,  Presidio,  Tex.,  and  Ojinaga,  Mexico,  and  the  estimated  flows  of  the 
and     Rio   Xazas  for  the  15   years,   1897-1911,  presumably   near  its   mouth 
Haehi.  ^^^^  ^^^^  Torreon,  Mexico. 

TABLE  82. — Mean  Yearly  Eainfall  of  the  13  Years,  1901-13,  at 
Each  of  Fourteen  Stations  in  Southern  Texas  and  New  Mexico, 
Compared  with  the  Mean  Yearly  Rainfall  at  Each  Station  for 
THE  Longer  Periods  of  47  to  19  Years,  Ending  with  1913. 


Station. 

Mean  Yearly  Rainfall,  in  Inches. 

Of  the  13  years. 
1901-13. 

Of  the  47  to  19  years  ending  with  1913. 

San  3Iarc)al 

9.13  in.  =  100'>o 

9.02  in.  =  100% 
17.24  in.  =  100% 
13.83  in.  =  100^0 
14.56  in.  =  100"o 

9.72  in.  =  100% 
15.80  in.  =  lOOO/o 

9.31  in.  =  lOOO/o 
13.78  in.  =  lOOOo 

20.23  in.  =  100% 
24.94  in.  r;  100"o 
18.72  in.  =  100"o 

19.24  in.  =100"o 
12.91  in.  =  lOOi'o 

47  years. 
47  years. 
47  years. 
47  years. 
47  years. 
47  years. 
47  years. 
45  years. 
45  years. 
43  years. 
4:h  years. 
43  years. 
42  years. 
19  years. 

9.25  in. 

8.60  in. 
18.15  in. 
14.01  in. 
16.86  in. 

9.20  in. 
16.35  in. 

9.64  in. 

15.15  in. 
21.24  in. 
27.94  in. 
19.64  in. 
21.20  in. 

14.16  in. 

—  101  30/^ 

Mesilla  Park 

—     95  3% 

Fort  Union 

Santa  F6 

=  105.3% 
—    101  3% 

—  115.80,0 

El  Paso 

—     94  8",o 

Fort  Stanton 

=  103.5% 
=   103.5% 
=  llO.Oo/o 
=  105.0% 
=   112.0% 
=  104.8O'o 
=  110.2% 
—  109  7% 

Fort  Stockton 

Fort  Clark 

San  Antonio 

Fort  Mcintosh 

Eagle  Pass 

Average 

14.90  in.  =  100"o 

47  to  19  years. 

15.82  in. 

(105.2) 
=  106.1% 

The  Rio  Conches  flows  are  the  difl^erences  in  the  flows  of  the  Rio 
(xrande  above  and  below  the  mouth  of  the  Rio  Conchos,  as  measured 
by  the  International  Boundary  Commission,  and  are  believed  to  be 
reasonably  accurate  measures  of  the  flows  of  that  river.  No  data  are 
easily  available,  however,  for  the  corresponding  Rio  Grande  drainage 
areas;  hence  its  flows  per  square  mile  from  Mexico,  Texas,  and  New 
Mexico  cannot  be  included  in  the  comparison. 

The  Rio  Nazas  data  are  from  the  records  of  a  Mexican  Government 
Commission,  but  are  known  to  be  based  merely  on  measurements  of 
cross-sections,  slopes,  and  gauge  heights,  used  in  conjunction  with 
assumed  Kutter  coefiicients  to  estimate  stream  flows. 

The  drainage  area  of  the  Rio  Conchos  above  its  mouth  is  believed 
(from  probably  fairly  reliable  maps,  supplemented  by  some  surveys) 
to  be  very  nearly  23  000  sq.  miles ;  the  Rio  Nazas  drainage  area  above 
the  point  of  its  stream  gauging  is  believed  to  be  not  far  from  13  000 
sq.  miles. 

Because  of  the  inaccuracies  of  the  Rio  Nazas  flows  and  drainage 
area,  no  comparison  can  be  made  of  its  flows  per  square  mile  with 
those  of  the  Rio  Conchos,  and  all  comparisons  must  be  restricted  to 
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the  comparative  characteristics  of  their  stream  flows,  rather  than  to  Messrs. 
tlieir  comparative  Hows.  ami 

Torreon,   near  the  mouth   of   the  Rio   Nazas,   is  nearly   300   miles  "^'-'hi' 
south  of  the  mouth  of  the  Kio  Cbnchos. 

Comparisons  of  the  stream  flow  characteristics  of  these  rivers  are 
given  in  Tables  83  and  84. 

TABLE  83. — Yearly  Stream  Flows  of  the  Rio  Conchos  and  the  Rio 
Nazas  for  Each  of  the  12  Years,  1900-11,  Expressed  as  Per- 
centages of  the  Mean  Yearly  Stream  Floav  for  the  12  Years.- 


Year. 


1900.... 
1901 . . . . 
1902.... 
1903.... 
1904.... 
1905.... 
1906.... 
1907.... 
1908... 
1909... 
1910.... 
1911.... 


For  Each   Yfar. 


Conchos. 


r40o 
2ro„ 
10300 

46Q& 

ISSOo 

1980o 
92% 
68^0 
9500 
40% 

1279o 


100% 
100»o 
100(>o 
100% 
100"„ 
100"o 
100% 
100% 
10U'>o 
100% 
1000/b 
100% 


Average lOOOy  =  lOO^o 


Nazas. 


83%  =  112% 

34%  =  126"o 

76%  =  74"o 

79%  =  172% 

84%  =  53% 

24-^<io  =  139% 

233"u  =:  118"o 

58",,  =  58"o 

70%  =  103% 

]36"o  =  143"o 

32"o  =  Sui'o 

80%  =  63% 


Cumulative  or  Progressive  Mka.n. 


100"o  =  103.4% 


Number 
Oi  years. 


Conchos. 


7406 
5U% 

mo 

62% 

81% 
9700 
111% 
1U9% 
104»o 
103% 
980/0 
100% 


100", J 
100% 
100<'„ 

100",, 
10U"o 
100",, 
1011",, 

10G"y 

10U"o 
100% 
100% 
100% 


Nazas. 


83"o  =  112% 

5700  =  11406 

65"  0  =  96% 

68"o  =  110% 

71"o  =  88% 

l(l0",j  =  103«t) 

119"o  =  107% 

ll0",j  =  101P6 

106"o  =  1020/0 

10«"o  =  IO60/0 

102%  =  1040/0 

100%  =  1000/0 


As  might  be  expected,  even  if  the  flow  characteristics  of  the  two 
rivers  were  nearly  the  same  (because  of  the  inaccurate  method  of 
the  Rio  Nazas  measurements),  the  Nazas  characteristics  of  the  separate 
years  vary   rather  widely   from  those  of  the   Conchos,   namely   from 

—  47  to  +  72% ;  but  the  average  variation  for  the  12  years  is  only 
+  3.4% ;  after  3  years,  the  progressive  maximum  variations  are  only 

—  12  to  -f-  10%;  and,  after  5  years,  the  maximum  progressive  varia- 
tion is  only  +  7  per  cent. 

Not  only  are  the  characteristics  of  the  yearly  stream  flows  of  the 
two  rivers  very  similar,  but  the  divisions  of  the  yearly  stream  flows 
among  the  12  months  also  are  similar  as  .shown  by  Table  84. 

In  Table  84  the  separate  monthly  percentages  of  the  year's  stream 
flow  vary  from  only  0.6  to  3.2%  for  the  two  rivers,  with  extremes  of 

—  3.2%  (July)  to  +  2.7%  (August) ;  and  the  cumulative  or  pro- 
gressive means  have  a  maximum  difference  for  the  two  rivers  of  only 
9.7%  (for  the  7  months,  January  to  July). 

It  is  evident,  also,  from  Table  84,  that  both  rivers  have  the  same 
well-defined  coincident  flood  season  of  3  months  (July  to  September, 
inclusive),  during  which  the  flood  flows  of  the  Rio  Conchos  average 
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Messrs.  about  67.3%  of  its  year's  flow,  and  the  floods  of  the  Rio  ISTazas  about 
amf    68.1%  of  its  year's  flow. 

Haehi.  Mean  Temperatures. — That  the  characteristics  of  mean  monthly 
temperature  arc  quite  uniform  throughout  Texas  and  New  Mexico, 
and  similar  to  those  at  La  Boquilla,  is  shown  by  a  consideration  of 
Fig.  14;  and  by  Table  85,  compiled  from  Plate  XXXI,  Table  37, 
and  later  information. 

TABLE  84. — Close  Correspondence  Between  the  Monthly  Percent- 
age Stream  Flows  of  the  Rio  Nazas  and  the  Rio  Conchos. 
Means  of  the  12  Years,  1900-11. 


Month. 


January. . 
February. 

March 

April 

May 

June 


For  Each  Month. 


CoDcho.s. 


2.40/0 
3.0% 
1-5% 
0.70/0 
1.0% 
3.6% 


July I     15  30/0 

Auerust I     3I.30/0 

September 30.7% 


October  .. . 
November. 
December.. 


9.50/0 
5.8% 
6.0% 


Year 


10090 


Nazas. 


1.6% 
1.20/0 
0  4% 
0.1% 
O.SO/o 
1.30/0 

12.10/0 
24.00/0 
33.0o^ 

12.20/0 

«•!% 
6.70,6 


100% 


Difference. 


-  O.80/0 

-  I.80/0 

-  1  1% 

-  0.60/b 

-  0.7% 

-  1  30/0 


; 


3.20/0 

3-7% 
1.3'!„ 


+  2.70/0 
+  2.3% 
+  0.7% 


Cumulative  or  Progressive  Mean. 


Number 

of 
months. 


Conehos. 


2.4% 
5.J"„ 
6.9"o 
7.eoo 
8.6% 
11.40,0 

26.70,6 

48.0% 
78.7% 

88.206 
94.(IQ6 
100.0% 


Nazas. 


1.6% 
2.8% 
3.20/6 
3.3% 
3.6% 
4.90/6 

17.0% 
41.0"/o 

73.00/0 

85.2% 
93  30,6 
100.0% 


Difference. 


0.8% 
2.60/0 

3.7% 
4.3% 
5.0% 
6.5% 

9.70/0 
7.0% 

5.7% 

3.0% 
0.7 '6 
0.0/0 


The  Botello  power-house  of  Table  85  is  within  "a  long  day's  horse- 
back ride"  of  Morelia,  capital  of  the  State  of  Michoacan,  Mexico ;  and 
has  almost  the  same  altitude,  climate,  and  conditions  as  Morelia. 

From  a  small-scale  map,  Morelia  is  almost  directly  west  of  the  City 
of  Mexico  and  about  130  miles  distant;  it  is  about  540  miles  farther 
south  and  200  miles  farther  east  than  La  Boquilla  (at  the  east  end  of 
Lake  Conchos),  and  600  miles  from  it  in  an  air  line. 

Mean  temperatures  at  the  Botello  power-house  were  furnished 
through  the  courtesy  of  T.  K.  Mathewson,  M.  Am.  Soc.  C.  E.,  and 
Messrs.  Curtis  and  Hine,  Colorado  Springs,  Colo.,  General  Managers 
of  the  Guanajuato  Power  and  Electric  Company.  This  information 
will  be  used  hereinafter  to  check  the  applicability  of  Fig.  4  to  the 
quick  estimation  of  an  approximate  value  for  the  yearly  evaporation 
depth  from  a  reservoir  at  the  Botello  power-house,  as  compared  with 
the  *1.72  m.,  5.64  ft.,  or  67.6  in.  adopted  by  Messrs.  Curtis  and  Hine. 

*  The  1.45  m.  given  by  Mr.  Mathewson  on  p.  2087  of  Proceedings,  Am.  Soc.  C.  E., 
for  December,  1915,  was  in  error,  and  subsequently  was  corrected  by  him  to  1.718  m. 
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Messrs.  Ill  Table  85  the  average  mean  temperatures  for  July  and  January 
amf  at  the  seventeen  stations  in  Texas  and  New  Mexico  are  80.0°  Falir. 
Haehi.  (July)  and  44.5°  Fahr.  (January)  :  and  those  at  La  Boquilla  are  82.3 
and  50.1° ;  the  average  difference  between  the  July  and  January  tem- 
peratures is  35.4°  at  the  Texas  and  New  Mexico  stations,  and  31.3°  at 
La  Boquilla;  and  the  departures  from  the  means  vary  but  little. 

Table  85  also  shows  that  the  variations  at  La  Boquilla  between  the 
yearly  mean  temperatures,  the  means  for  January,  and  those  for  July 
were  comparatively  small  during  the  4-year  period,  1912-15,  one  year 
being  on  the  whole  much  like  another;  and,  that  at  the  Botello  power- 
house, though  the  mean  yearly  temperature  is  only  about  4°  Fahr. 
lower  than  that  at  La  Boquilla,  the  January  mean  temperature  appar- 
ently is  about  14°  lower;  and  the  excess  of  the  July  over  the  January 
mean  temperatvire  apparently  is  about  17°  less  than  at  La  Boquilla. 

It  should  be  noted  that  some  of  the  stations  in  Table  85  are  outside 
the  limits  of  the  "Great  Plateau". 

Table  85  contains  only  yearly  mean  temperatures  and  those  for  July 
and  January.  Throughout  the  Plateau  portion  of  Texas,  New  Mex- 
ico, and  Arizona  the  nights  usually  are  much  colder  than  the  days ;  and 
that  the  same  condition  holds  at  La  Boquilla  also  is  shown  by  Table 
86,  which  gives  the  averages  of  the  daily  readings  throughout  each 
month  by  a  maximum  and  minimum  thermometer.  Table  86  also 
defines  more  closely  the  temperature  conditions  at  La  Boquilla. 

From  the  foregoing  data  of  rainfalls,  stream  flows,  and  mean  tem- 
peratures it  is  apparent  that,  at  least  in  those  respects,  the  climato- 
logical  conditions  are  quite  uniform  throughout  Southern  Texas  and 
New  Mexico  and  Northwestern  Mexico ;  and  this  uniformity  was  even 
more  apparent  from  diagrams  than  from  tables. 

It  is  regretted  that  data  relating  to  humidity,  sunshine,  wind,  etc., 
were  not  secured  at  Lake  Conches,  as  suggested  by  Mr.  Meyer,  but  this 
was  prevented  by  the  extreme  difficulties  of  instituting  any  kind  of  new 
work  (even  observations)  in  Mexico  at  that  time,  and  by  the  need  of 
quick  results  in  a  practical  engineering  problem. 

Referring  to  some  criticisms,  the  investigation  was  not  intended  to 
be,  nor  was  it  considered,  a  "scientific"  one,  but  was  frankly  empirical, 
making  use  of  such  observed  evaporation  depths  in  Southern  Texas 
and  New  Mexico  as  were  of  record  to  estimate  (by  empirical  modifica- 
tions) the  probable  yearly  evaporation  depth  in  Northern  Mexico. 
However,  the  writers  do  not  admit  in  any  spirit  of  apology  that  their 
work  was  empirical.  On  the  contrary,  they  believe  that  "scientific" 
methods  of  investigating  evaporation  (such  as  that  of  Professor  Bige- 
low,  which  was  an  investigation  of  the  law  of  evaporation  rather  than 
of  its  amount)  are  of  comparatively  little  value  in  practical  engineering 
problems,  and  this  view  seems  to  be  Mr.  Grunsky's  also. 


I 
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Messrs.        As  to  empirical  methods,  large  and  important  parts  of  the  field 
and     of  engineering  are  dependent  almost  wholly  on  empiricism.     One  of 
^^^^'  the  most  familiar  examples  is  the  flow  of  water,  the  useful  knowledge 
of  which  has  been  almost  wholly  empirical,  ever  since  the  first  appear- 
ance of  the  empirical  Chezy  formula  in  1775. 

The  practical  engineering  problems  before  the  writers  in  the  in- 
vestigation of  the  Rio  Conchos  or  La  Boquilla  project  were  as  follows: 
A.— The  estimation  of  the  safe  water  supply  and  power  production 

of  the  project; 
B. — -Reports  on  the  safety  of  the  foundations  of  each  of  the  three 
dams ;  on  the  safety  of  the  plans  and  of  the  past  construction ; 
and  on  plans  and  cost  for  the  completion  of  the  project; 
0. — A  preliminary  report  on  the  irrigation  opportunities. 

Also,  the  time  for  the  investigation  was  somewhat  limited  by  the 
fact  that  it  was  desired  to  resume  as  soon  as  practicable  the  then 
abandoned  construction  work,  and  push  it  to  completion  as  rapidly  as 
l^ossible,  and  because  the  results  of  the  new  investigations  were 
necessary  as  precedents  to  the  re-financing  of  the  project,  the  former 
financial  arrangements  having  been  disturbed  by  the  effects  of  the 
war  in  Mexico  which  caused  the  temporarj'  abandonment  of  the  con- 
struction in  September,  1913. 

The  determination  of  a  reasonably  safe  value  for  the  yearly  evapora- 
tion depth,  even  though  more  important  than  usual,  was,  after  all, 
only  a  minor  factor  in  A.  The  evaporation  depth  had  to  be  made  use 
of  early  in  the  investigation  of  A,  however,  for  the  following  reason: 

The  stream  flow  data  of  the  Rio  Conchos  consisted  of  14  years 
(1900-13)  measured  flows  at  its  mouth  (its  junction  with  the  Rio 
Grande),  and  of  4  years  (1910-13)  measured  flows  at  La  Boquilla. 
However,  the  flows  of  1912  and  1913  at  La  Boquilla  were  measured 
largely  by  their  being  impounded  in  the  surveyed  reservoir  of  Lake 
Conchos,  and  hence  were  exclusive  (as  impounded)  of  the  large 
evaporation  losses  from  the  lake.  The  flows  of  1910-13  were  necessary 
as  data  to  establish  a  safe  proportion  between  the  flow  of  the  Rio 
Conchos  at  La  Boquilla  and  that  at  its  mouth;  hence  the  evaporation 
depth,  as  estimated  and  checked  up  to  the  middle  of  February,  1914, 
had  to  be  made  use  of  at  once,  in  order  not  to  delay  the  more  important 
and  more  protracted  investigation  of  the  safe  water  supply  and  power 
production.  As  a  precaution,  the  observations  of  pan  evaporation  at 
Lake  Conchos  were  continued  until  June,  1914,  when  preliminary  state- 
ments of  conclusions  were  rendered  to  the  Company ;  and  the  final 
reports  were  completed  in  October  and  ISToveraber,  1914. 

The  pan  measurements  of  evaporation  were  continued  at  Lake 
Conchos  for  several  months  after  June,  1914,  but  this  was  not  learned 
by  the  writers  until  December,  1915.     Efforts  were  made  to  secure  the 
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notes  of  the  later  pan  measurements  for  use  in  this  closure,  but  the  Messrs. 
La   Boquilla   project    (which   had  been   operating   commercially   since     amf* 
September  29th.  1915,  scHing  some  of  its  electric  power  to  mines  at  ^aehi 
Parral)  was  again  abandoned  in  January,  1916,  before  the  notes  were 
secured.     The  furnishing  of  power  to  Parral   was   resumed  on   July 
25th,  1916,  but  the  notes  of  the  additional  pan  evaporations  have  not 
yet  been  secured. 

'  The  various  discussions  on  the  paper  will  now  be  considered.  In 
answering  them  the  writers  will  group  together  all  comments  on  the 
same  subject,  as  far  as  practicable. 

Salton  Sea  Evaporation  Pans  Circular,  and  not  Square. — As  stated 
by  Messrs.  C.  E.  Grunsky,*  Charles  W.  Comstock,f  and  Charles  H, 
Lee,:}:  the  evaporation  pans  used  by  Professor  Bigelow  in  his  Salton 
Sea  experiments  were  circular,  instead  of  square,  as  erroneously 
assumed  by  the  writers.  In  making  their  investigation  of  the  evapora- 
tion from  Lake  Conchos,  and  even  later  in  preparing  the  paper,  the 
writers  had  access  only  to  a  summary  of  the  Salton  Sea  experiments,  . 
giving  the  conclusions  reached,  but  describing  only  inadequately  the 
methods  and  apparatus.  From  that  information  it  was  assumed  that 
the  Bigelow  experiments  were  carried  out  in  accordance  with  usual 
practical  engineering  methods,  and  with  usual  standard  apparatus — 
and  hence  that  the  pans  were  square. 

However,  while  acknowledging  their  error  in  assuming  the  Salton 
Sea  evaporation  pans  to  have  been  square,  when  in  fact  they  were 
circular,  it  is  hard  to  believe  that  any  material  error  can  arise  there- 
from, and  this  view  apparently  is  Mr.  Comstock's  also.  Although  the 
evaporation  depth  from  a  pan  3  ft.  square  may  be  slightly  different 
from  that  from  a  pan  3  ft.  in  diameter,  it  seems  very  unlikely  that 
(from  a  practical  engineering  standpoint)  any  material  error  can 
result  from  applying  the  relative  observed  evaporation  depths  from  a 
series  of  pans  2,  3,  4,  etc.,  ft.  in  diameter,  to  a  series  of  pans  2,  3,  4, 
etc.,  ft.  square. 

Subsidiary  Conclusion  (a)  of  Table  2. — This  conclusion  (of  Pro- 
fessor Bigelow,  but  accepted  and  used  by  the  writers)  gives  the 
presumed  relative  evaporation  depths  from  a  series  of  2-ft.  to  6-ft. 
pans,  all  the  conditions  of  climate,  exposure,  etc.,  supposedly  having 
been  identical,  and  the  evaporation  conditions  varying  only  in  the 
sizes  of  the  pans. 

As  stated  already,  in  discussing  square  versus  circular  pans,  it  was 
assumed  by  the  writers  (incorrectly)  that  the  Salton  Sea  evaporation 
experiments  of  Professor  Bigelow  were  made  on  practical  engineering 
lines;  and  indeed  that  seems  to  have  been  the  earnest  desire  of  Mr. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1916,  pp.  561-63. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  March.  1916,  pp.  384-85. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  p.  2708. 
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Messrs.  Grunsky,  a  member  of  the  Conference  Board  which  outlined  a  pro- 

Duryea  ,         ,  , 

and     gramme  lor  the  work. 

^^  ■  It  is  apparent,  however,  from  information  given  in  Mr.  Grunsky's 
discussion,*  that  the  "floating-pans"  were  not  floating  in  the  usual 
sense;  but  that,  instead  (with  a  depth  of  pan  of  10  in.  and  of  contained 
water  of  presumably  about  8  to  9  in.),  they  were  immersed  in  the  water 
of  a  slough  only  about  3  or  4  in. 

However,  in  investigating  the  effect  of  size  of  pan  on  evaporation 
depth,  Professor  Bigelow  used  three  series  of  pans : 

(1)  Two  pans  of  different  sizes  alongside  each  other,  one  perhaps 
on  a  platform  and  the  other  on  the  ground,  but  presumably  not 
banked  by  earth,  as  is  usual  with  "land-pans" ; 

(2)  Three  pans  of  different  sizes  on  a  tower  platform,  half  a  mile 
from  shore,  and  as  close  to  the  water  surface  as  was  practi- 
cable; and 

(3)  Four  pans  of  different  sizes,  supported  by  adjoining  rafts  so 
that  the  pans  were  immersed  only  3  or  4  in.  in  the  water 
of  a  slough; 

and,  of  these  three  series  of  tests,  Professor  Bigelow  states  "the  ratios 
[of  evaporation  depth,  from  pans  of  different  sizes]  are  quite  steady 
and  the  results  have  been  incorporated  into  the  final  values  of  the 
coefficient,  C J\ 

The  full  range  of  practical  conditions  for  an  engineering  investiga- 
tion of  pan  evaporation,  of  course,  should  have  had  as  extremes  "land- 
pans"  embedded  in  or  banked  around  with  earth,  and  "floating-pans" 
floating  free  and  thus  fully  immersed  in  water;  and  it  is  much  to  be 
regretted  that  Professor  Bigelow's  tests  did  not  include  such  extreme 
conditions.  However,  his  Series  (1)  approximated  the  land-pan  con- 
dition, his  Series  (3)  the  floating-pan  condition,  and  his  Series  (2) 
was  in  a  condition  intermediate  between  (1)  and  (3).  Thus,  out  of 
five  conditions,  he  investigated  three,  throughout  which  range  the  ratios 
were  "quite  steady" — presumably  meaning  by  this  nearly  constant. 
Hence,  if  the  results  of  the  three  series  which  were  investigated  are 
plotted  on  a  diagram,  with  the  "conditions"  as  abscissas  and  the  values 
of  C,  as  ordinates,  it  would  not  be  an  unusual  assumption,  or  one 
which  is  not  often  resorted  to  in  engineering  investigations,  if  the 
approximately  horizontal  line  representing  the  value  of  G^,  throughout 
the  range  of  the  three  conditions  which  were  investigated,  should  be 
extended  or  projected — on  the  one  hand  to  include  the  full  "land-pan" 
conditions,  and  on  the  other  to  include  the  full  conditions  of  "floating- 
pans". 

It  is  much  to  be  regretted  that  the  two  conditions  of  banked 
land-pnns    and    full    floating -pans    were    not    included    by    Professor 
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Bifi'elow  ill  his  investigations,  especially  as  only  those  two  conditions  Messrs. 
are  of  direct  value  in  practical  engineerini?  investigations  of  evapora-     and 
tion.      Nevertheless,    it    seems    to    the    writers    that    the    conclusions      ^^   ' 
embodied  in  (a)  of  Table  2  still  presumably  are  true  to  within  a  fair 
degree  of  approximation,   even   when   applied  to   "land-pans"   and   to 
'"tioating-pans";   and  that   (until   and  unless  proven  so  to  be  untrue 
by  further  and  direct  investigation)   the  values  of   (a)   may  be  used 
to  modify  evaporation  depths  measured   in  land-  or  floating-pans  of 
difforent  sizes  to  the  presumptive  depths,  if  pans  of  a  uniform  size 
had  been  used,  without  fear  of  thus  introducing  material  errors  into 
the  operation  and  into  its  final  results. 

At  the  very  least,  it  is  believed  that  comparisons  between  evapora- 
tion depths  from  pans  of  different  sizes  thus  modified  for  sizes  of  pans, 
will  show  relations  much  nearer  the  true  ones  than  if  the  depths  are 
not  so  modified.  The  writers  are  not  aware  of  any  other  or  better 
established  relations  between  evaporation  depths  from  pans  of  different 
sizes  than  those  advanced  by  Professor  Bigelow,  and  none  has  been 
pointed  out  by  any  of  those  who  have  discussed  the  paper.  It  is 
admitted  that  these  values  should  not  be  accepted  as  final  or  con- 
clusive for  the  usual  conditions  of  land-pans  and  floating-pans,  and 
it  is  not  thovight  that  they  were  thus  considered,  even  by  Professor 
Bigelow.  However,  until  further  tests  and  the  establishment  of 
more  reliable  values,  it  is  believed  that  the  value  and  truth  of 
combinations  of  evaporation  depths  observed  in  pans  of  different  sizes 
will  be  increased  materially  by  the  use  of  Professor  Bigelow's  values 
to  modify  (before  combination)  the  observed  depths  to  a  uniform 
size  of  pan. 

Mr.  -Grunsky's  statement,*  that  the  values  of  Subsidiary  Conclusion 
(a).  Table  2,  apply  only  to  a  factor  in  the  formula  for  the  evaporation 
depth,  and  not  to  the  evaporation  depth  itself,  is  of  course  true.  IIow^- 
ever,  the  other  factors  in  the  formula  apparently  are  almost  inde- 
pendent of  the  size  of  the  pan,  and  the  variable,  C^,  is  apparently  of 
preponderating  influence  on  the  evaporation  depth ;  hence  it  does  not 
seem  that  the  assumption  that  the  relative  evaporation  depths  vary  as 
do  the  values  of  C^  should  lead  to  material  error. 

Mr.  Grunsky's  formula, 

C,^  0.023  +  0.010 -, 
a 

for  land-pans  10  in.  deep,  not  embedded  in  the  soil,  in  a  climate  com- 
parable with  that  of  the  Saiton  Sea,  is  of  much  interest  as  expressing 
the  variable  value  of  C,  in  terms  only  of  the  size  of  pan,  and  with 
values  in  practical  agreement  with  those  of  Professor  Bigelow. 

*  Proceedinns,  Am.  Soc.  C.  E.,   for  April,  1916,  p.  561. 
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Messrs.  Mr.  Comstock  gives  values  of  G*  as  Professor  Bigelow's  which 
^and^*^  differ  materially  from  those  given  in  that  writer's  "Abstract  of  Data 
Haehi.  ^^  ^t ^  ^^^  repeated  in  Table  7.  When  compared  for  relative  values, 
however  (the  only  values  of  interest  in  connection  with  Subsidiary 
Conclusion  (a)),  it  is  found  that  for  4-ft.  and  6-ft.  pans  the  relative 
values  of  C^  are  almost  identical  for  the  two  sets — though  this  close 
correspondence  does  not  hold  for  the  2-ft.  pan. 

Mr.  Comstock's  statement,  that  the  higher  water  temperatures  and 
greater  evaporation  depths,  observed  at  Indio  in  1907  to  exist  in 
smaller  than  in  larger  pans,  are  to  be  expected  in  land-pans  but  cannot 
exist  in  floating-pans,  does  not  appear  to  the  writers  to  be  justified. 
It  is  presumable  that  the  higher  temperatures  are  due  to  a  continuous 
(during  sunshine)  accession  of  heat  to  the  small  confined  body  of 
water  from  sun  heat  on  the  metal  rim  and  bottom  of  the  pan,  such 
heating  effect  evidently  being  greater  in  smaller  than  in  larger  pans; 
and  it  is  to  be  expected  that  floating-  as  well  as  land-pans  will  be  thus 
affected,  though  perhaps  to  a  less  degree. 

As  stated  by  Mr.  Comstock,  Professor  Bigelow's  explanation  of  the 
reason  that  evaporation  depths  are  greater  from  smaller  than  from 
larger  pans  (because  of  the  more  effective  clearing  of  the  vapor  blanket 
from  the  smaller  pans  by  wind  action)  does  not  seem  convincing  as 
accounting  for  the  sole  or  even  the  most  important  cause.  It  is  believed 
that  a  niuch  more  important  cause  is  that  suggested  by  Mr.  Grunsky: 
the  evaporation  (by  sun  heat  on  the  metal  rim  of  the  pan  and  by  wind 
action)  of  the  thin  film  of  water  drawn  up  on  the  inside  of  tlie  pan  by 
the  capillary  action  of  the  pan  surface.  It  is  evident  that  the  evapora- 
tion depth  from  this  caxise  must  increase  as  the  size  of  pan  decreases. 
Also,  it  is  not  unlikely  that  other  causes,  as  yet  unrecognized,  con- 
tribute to  make  the  evaporation  depths  from  small  pans  greater  than 
those  from  larger  ones. 

Subsidiary  Conclusion  (h)  of  Table  2. — This  conclusion  is  the 
writers',  not  one  of  Professor  Bigelow's,  and  is  that  the  evaporation 
depth  from  a  "floating-pan"  is  about  80%  of  that  from  a  near-by  "land- 
pan"  of  the  same  size. 

Conclusion  (&)  is  discussed  by  Messrs.  Grunsky,*  Lee,f  Comstock,:}: 
Post,§  Ledoux,||  and  Hawgood^;  and  the  various  values  advanced  for 
it  are  given  in  Table  87. 

The  Kingsburg  evaporation  depths  of  Mr.  Grunsky  were  measured 
in  pans  3  ft.  square  and  15  in.  deep,  with  the  water  in  the  pans  10  in. 
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Messrs.  Or  less  ill  depth.     The  floating-pan  was  floating  in  the  Kings  River. 

amf ^  The  land-pan  was  on  a  raih'oad  trestle  for  the  first  3  months,  exposed 

Haehi.  ^^^  ^y[  sides  to  sun  and  air,  and  after  that  on  land,  set  a  few  inches  in 

the  ground,  and  with  earth  embanked  around  it  to  the  elevation  of  its 

water  surface. 

The  Owens  River  evaporation  depths  of  Mr.  Lee  were  measured  in 
pans  3  ft.  square  and  10  in.  deep,  with  the  water  in  the  pans  8  in.  or 
less  in  depth.  The  land-pan  was  embedded  in  the  ground,  and  the 
floating-pan  floated  with  from  1  to  5  ft.  depth  of  water  beneath  it, 
depending  on  the  stage  of  the  river. 

Mr.  Comstock's  value,  82%,  is  one  derived  from  Tables  8  and  11,  by 
rejecting  the  values  for  Salton  Sea  and  California,  Ohio,  and  com- 
bining those  for  Coyote  (24  months),  Granite  Reef  (presumably  12 
months),  and  Lake  Conchos  (5  months.  Table  11),  with  a  resultant 
weighted  mean  of  81.5  per  cent.  If  it  is  worth  while  to  weight  the 
different  values,  it  would  seem  more  logical  to  give  the  Coyote  value 
double  the  weight  corresponding  to  its  24  months  (because  of  its  two 
floating-pans  and  three  land-pans)  and  to  include  also  the  2-months 
Lake  Conchos  value  of  Table  10.  The  weighted  value  would  not  have 
been  changed  materially  thereby,  however,  it  being  then  81.8  per  cent. 

The  San  Diego  evaporation  depths  of  Mr.  Post  were  obtained  in 
pans  3  ft.  square  and  18  in.  deej),  with  the  water  in  the  pans  presumably 
about  16  in.  or  less  in  depth.  The  pans  giving  his  second  value  (for  5 
inonths  only)  are  included  with  those  giving  his  value  for  the  33 
months. 

The  Coyote  evaporation  depths  of  the  writers  were  measured  in 
pans  3  ft.  square  and  12  in.  deep,  with  the  water  in  the  pans  about  10 
in.  or  somewhat  less  in  depth.  The  land-pans  were  embedded  in  the 
ground  and  banked  around  by  earth  nearly  to  their  rims;  and  the 
floating-pans  floated  on  the  Laguna  Seca  with  from  3  to  6  ft.  of  water 
beneath  them,  depending  on  the  stage  of  the  lagoon. 

For  the  full  cycle  of  a  year,  all  the  authorities  of  Table  87,  except 
Messrs.  Post,  Ledoux,  and  Hawgood,  are  in  practical  agreement  with 
the  value  of  "about  80%"  adopted  by  writers.  As  values  in  the  field 
of  hydrography,  rainfall,  etc.,  Mr.  Comstock's  results,  83.4%  (un- 
weighted) and  82%  (weighted),  are  regarded  by  the  writers  as  satis- 
factory agreements  with  the  adopted  80%  value,  rather  than  as  material 
disagreements. 

The  values  of  Messrs.  Post,  Ledoux,  and  Hawgood  (and  of  Table 
87  in  general),  will  be  discussed  hereinafter,  in  connection  with  the 
consideration  of  Table  88 — data  of  the  relative  observed  evaporation 
depths  from  land-pans  and  from  floating-pans,  for  periods  shorter  than 
the  full  cycle  of  a  year.  The  evaporation  tests  of  Table  88  are  those 
by  Messrs.  Grunsky  and  Lee,  and  by  the  writers  in  Table  87  in 
monthly  detail. 
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From  Table  ST  it  is  apparent  that  Mr.  Post's  coiickisiou  from  his  Messrs. 
San  Dieg'o  experiments  (that  yearly  evaporation  depths  from  floatinf?-  '^'amf" 
pans  are  about  the  same  as  those  from  land-pans,  both  for  a  full  cycle  •^"^''i'- 
of  a  year  and  for  the  summer  season  only),  Mr.  Ledoux'  conclusion 
to  the  same  effect,  and  Mr.  Hawgood's  conclusion   (that  the  relation 
between    the    evaporation    depths    from   land-    and   floating-pans    is    a 
variable  one,  depending  on  many  other  influences  than  the  floating  and 
land   conditions,    and   not   expressible   by   a   practically   constant  per- 
centage)— all   three   are   in   disagreemeiit  with   all   the  other   data   in 
Table  87  for  this  relation. 

Because  of  the  fairly  full  data  of  Table  87  to  the  contrary  (derived 
from  experiments  at  three  widely  separated  places  and  extending  over 
periods  of  from  1  to  4  years),  it  is  believed  that  Mr.  Post's  San  Diego 
conclusion  is  not  true  generally  elsewhere,  but  was  due  to  .the  influences 
of  some  unknown  and  unrealized  local  differences  of  climate  and  ex- 
posure, as  between  his  land-pans  and  his  floating-pans;  and  that  this 
explanation  applies  also  to  Mr.  Ledoux'  conclusion. 

And,  notwithstanding  Mr.  Hawgood's  conclusion,  it  is  still  believed 
that  (with  the  land-pans  embedded  in  the  ground  or  embanked  around 
with  earth,  and  with  the  floating-  and  land-pans  identical  in  size, 
material,  etc.,  and  with  identical  conditions  of  exposure,  etc.)  there  is 
in  general  (at  least  for  full  yearly  cycles)  a  fairly  constant  relation 
between  evaporation  depths  from  land-pans  and  those  from  floating- 
pans,  and  that  the  evaporation  depths  from  floating-pans  are  about 
80%  (at  least  for  full  yearly  cycles)  of  those  from  land-pans  of  the 
same  size,  as  adopted  for  Subsidiary  Conclusion  (h)  by  the  writers. 

Except  Columns  (3),  (13),  and  (20)  to  (23),  all  the  columns  of 
Table  88  were  derived  by  dividing  the  inches  of  depth  of  evaporation 
in  the  floating-pan  by  the  inches  of  depth  in  the  land-pan,  for  the  cor- 
responding single  months  or  for  the  longer  continuous  periods  of  from 
2  to  12  months;  but  Columns  (3),  (13),  and  (20)  to  (23)  are  merely 
means  of  the  percentages  given  in  certain  of  the  other  columns.  Hence 
(except  for  the  cumulative  or  progressive  columns),  the  average  of  the 
twelve  percentage  values  in  each  column  will  not  check  exactly  the 
"year"  percentage  value  at  the  bottom  of  the  table.  However,  for 
Column  (20)  the  average  is  only  (81.4  -^  77.3)  =  105.2%  of  the  "year", 
and  for  Column  (22)  only  (82.5  -^  76.8)  =  107.5%,  and  for  three  other 
columns,  tried  as  rough  checks,  the  differences  are  still  less. 

In  Table  88  all  the  cumulative  or  progressive  periods  begin  with 
January,  and  it  is  evident  that  different  sets  of  progressive  values  would 
be  obtained  by  beginning  with  February,  March,  etc.,  there  being  thus 
twelve  sets  of  values,  in  all  of  which  only  those  for  12  months  would 
be  identical. 

However,  the  working  out  of  such  twelve  sets  of  values  would  be 
too  onerous  and  voluminous  for  any  present  use,  and  it  is  believed  that 
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Messrs.  TABLE  88. — Data  of  Evapokation  Depths  from  Floating-Pans, 
antf^  Size  (All  Pans  3  Ft.  Square),  for  Each  Month  ov  the 

Haehl.  
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4 
5 
6 

8 
9 
10 
11 

% 

67.8 
58  6 
63.6 
75.9 
68.9 
70.3 
71.1 
70.9 
73.6 
72.1 
72.7 
72.8 

% 
68. 3 
85.9 
91.9 
100.6 
90.0 
80  9 
78.1 
81.7 
84.5 
84.3 
84.9 
85.0 

% 
68.0 
73.1 
77.7 
88.3 
79.4 
75.6 
74.6 
76.3 
78.6 
78.2 
78.8 
78.9 

(Average) 
Year 

72.8 

85.0 

78.9 

t67.4 

189.5 

tT7.2 

$91.5 

77.7 

75.2 

Year. 

72.8 

85.0 

78.9 

*  January  and  February  of  1911,  March  to  December  of  1910. 
t  Values  for  November  and  December,  1885,  equal  mean  values  for  those  months 
X  Values  actually  observed  during  the  4  years  were  as  follows  : 
November,  1881  to  October,  1882  =  61.0% 

1882  ■'  '•         1883  —  88.8 

1883  "  "         1884=  72.7 

1884  "  "        1885  =  89.9  mean  of  the  4  years  =  78.1  per  cent. 

§  Columns  (3),  (8),  and  (9)  and  (13),  (18),  and  (19)  are  "weighted"  for 
Columns  (3)  and  (13) — 2  pairs  of  pans  for  2  years  =  4  pan  (pair) — years. 
Columns  (8)  and  (18) — 1  pair  of  pans  for  4  years  =  4  pan  (pair) — years. 
Columns  (9)  and  (19) — 1  pair  of  pans  for  1  year  =  1  pan  (pair) — years. 
"Weight"  of  Columns   (22)   and   (23)  =9  pan   (pair) — years. 

sets  of  values  for  progressive  periods  beginning  with  other  mouths 
than  January  can  be  worked  out  quickly  and  with  sufficient  accuracy 
by  combinations  of  the  percentages  of  Column  (22)  for  the  separate 
mouths. 

The  only  progressive  periods  of  special  interest  in  connection  with 
the  Lake  Conchos  investigation  are  the  following: 

12  months  (beginning  at  any  month). 
The  12  separate  months. 


i 
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AS  Percextagks  of  Those  fhom  Neak-hy  Land-Pans  of  the  8amk 
Ykar,  and  Cumulatively  fou  1,  2,  8  to  12  Months. 


Messrs. 
1)11  ryca 

11 11(1 
Haehl. 


UATIVE  OR  Progressive  Periops. 


<i4) 


45.0 
67.2 
67.6 
64.2 
51.6 
51.3 
54.1 

60.8 
61.1 
66.9 
67.4 


Kingsburg.  Cal. 


(15) 


in 

00 

u 

ca 

■s 

V 

4) 

>< 

>- 

(16) 

(17) 

150.0 
145.5 
110.7 
108.1 
ftO.5 
75.9 
76.7 
81.4 
84.9 
88.2 
89.0 
89.5 


140.0 
136.0 
103.2 
96.5 
88.4 
77.0 
TO.  2 
65.7 
65.6 
69.8 
75.7 
77.2 


89.5 


100.0 
107.1 
108.3 
87.3 
68.9 
73.8 
75.4 
81.2 
83.5 
87.0 
t91.3 
t91.5 


80.8 
96.7 
93. ii 
85.9 
70.4 
67.2 
67.9 
71.5 
73.8 
76.4 
77.4 
77.7 


91.5 


77.7 


Owens 
River. 


(19) 


% 

*76.7 

*94  8 

80.0 

77.4 

79!l 
7(i.6 
75.3 
75  0 
76.0 
75  3 
75,2 


75.2 


Means  of  Separate  Months  and 
Progressive  Periods. 


Unweighted 

means  of 

Columns  : 

(3),  (8), 

(13).  (18), 

jinri  (9\ 

and  .19  . 

«    • 

Oi 

eS  m 

ro  w: 

I.  a: 

CO  T3 

a  *^ 

aa 

t"  C 

(D  o 

a  fe 

wg 

t-  ft 

Oh 

^-' 

(20) 

(21  1 
% 

% 

75.2 

75.3 

98.7 

87.9 

81.8 

83.8 

85.1 

F3.8 

65.1 

75.8 

71.3 

74.0 

70.0 

73.0 

78.6 

74.4 

83.9 

75.8 

88.7 

70.5 

92.7 

77.2 

8o.4 

77.3 

(81.4. 

77.3 

77.3 

§  Weighted 
menus  of 
Columns  : 


3).  (8),    (13)    (18), 
and   (9).  and    (19;. 


ftO 


(22) 


70 

74.7 

94  6 
85.6 
88.6 
6'i.8 
67  4 
70.7 
81.7 
88.0 
63.4 

95  9 
88.2 


(82.5) 
76.8 


£  2 

u   ft 


•23) 


76.8 


for  the  4  years,  November,  1881  to  October,  1885,  inclusive. 


Columns   (22)   and   (23)   as  follows 


Used  by  Mr.  Post : 

3  months,  December  to  February; 

4  "  March  to  June; 

5  "         July  to  November. 
Used  by  the  writers  for  Lake  Conchos : 

2  months,   (about)  middle  of  January  to  early  in  March; 
5         "         (about)         "       "  "         "      "       "    June; 

4         "         October  to  January  (lake  observations) ; 
7        "         October  to  April        (    "  "  ). 


1434         DISCUSSTON  :  EVAPOEATIOX  from  lake  COXCHOS,  MEX.   [Papers. 
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Progressive  values  for  the  various  periods  above  are  given  in  Table  Messrs. 
89,  as  worked  out  from  Column  (22)  of  Table  88,  as  advanced  by  Mr.     amf* 
Post,  and  as  adopted  by  the  writers  at  the  uniform  value  of  80  per  cent.  ^^®^'- 
In  working  out  periods  including  only  parts  of  months,  the  monthly 
values  will  be  weighted   in   proportion   to   the  fraction   of  the   whole 
month  covered  hy  the  observations. 

Column  (1)  of  Table  89  is  largely  copied  directly  from  Column 
(22)  of  Table  88,  as  the  most  reliable  values.  The  values  of  Column 
(3)  of  Table  89  are  from  Mr.  Post's  discussion.*  It  should  be  noted 
that  the  average  of  the  twelve  values  for  the  separate  months,  is  107.5% 
of  the  '"year"  for  Column  (1)  and  112%  for  Column  (3).  Hence,  in 
deriving  the  comparative  percentages  of  Columns  (2),  (4),  and  (6) 
from  combinations  of  Columns  (1),  (3),  and  (5),  an  attempt  was  made 
to  correct  roughly  for  such  lacks  of  check,  as  shown  in  the  examples 
which  follow.  It  is  believed  that  (even  though  still  only  approximate) 
the  values  of  Columns  (2),  (4),  and  (6)  are  nearer  truly  comparative 
than  if  such  corrections  had  been  omitted. 

Examples. — 

Columns  (4)  and  (6),  for  Separate  Months: 

Column  (3)  Column  (1)  (1.075) 

Column    (4)    =     ^  ^^  —    ^     ^  ^    - — 777^   =   0.96 

^  ^  1.12  ■  1.075  (1.12) 

X  Column  (3)  ^  Column  (1)  =  0.96  X  150  -4-  74.7  =  193% 
for  January,  etc. 

^  ,                      Column  (5)         Column  (\)  _  , 

Column  (6)  =  Yw)         ^ 1  075        ^  ^  Column   (5) 

-^  Column  (1)  =  1.075  X  80  ^  74.7  =  115.2%  for  January, 
etc. 

Columns   (4)   and  (6),  for  Progressive  Periods: 

Column  (4)  =  Column   (3)  -f-  Column  (1) ;  as  134.0  -^-  79.8  = 

168%  for  December  to  February,  etc. 
Column   (6)   =  Column   (5)   ^  Column   (1);  as  80  -^  79.8  = 

100.3%  for  December  to  Pebruary,  etc. 

Columns  (1)  and  (3),  for  Progressive  Periods: 


Column  (1)— (Dec.  to  Feb.). 
Dec.         88.2 
Jan.  74.7 

Feb.         94.6 


Column  (3)— (Dec.  to  Feb.). 

Dec.  150. 

Jan.  150. 

Feb.  150. 


Mean  =  85.8  -^  1.075  =  79.8%,  etc.   Mean  =  150.  ~  1.12  =  134.0%,  etc. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  pp.  2691-92. 
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Messrs.  Column 
and^^      months   (nearly) 


(1)— Jan.     to     Mar.,     2 


days)  74.7X0.48=36.2 
Feb.  (1  month)  94.6X1-00  =  94.6 
Mar.     (9  days)   85.6X0.29  =  24.8 


1.77  months  =  155.6 
Mean  for  period  =  88.0 
88.0  ~  1.075       =    81.8% 

Colunm     (1) — Jan.     to     June,     5 

months  (nearly). 
Jan.  (15  days)  74.7X0.48  =  36.2 
Feb.  (1  month)  94.6  X  1-00  =  94.6 
Mar,  (1  month)  85.6  X  1-00  =  85.6 
Apr.  (1  month)  88.6X1-00  =  88.6 
May  (1  month)  60.8X1-00  =  60.8 
June     (3  days)   67.4X0.10=    6.7 


4.58  months  =  372.5 
Mean  for  period  =  81.4 
81.4-^1.075        =    75.8%,  etc. 


Column     (3)— Jan.     to     Mar.,     2 

months  (nearly). 
Jan.    150.  X  0.48=    72. 
Feb.    150.  X  1-00  =  150. 
Mar.   108.  X  0.29=    31.3 


1.77   months  =253.3 

Mean  for  period  =  143.2 
143.2  ^  1.12         =  127.8% 


Column  (3)^Jan. 
months  (nearly). 
Jan.  150.  X  0.48=  72. 
Feb.  150.  X  1-00  =  150. 
Mar.  108.  X  1-00  =  108. 
Apr.  108.  X  1-00  =  108. 
May  108.  X  1-00  =  108. 
June     108.  X  0.10=    10.8 


to     June,     5 


4.58  months  =556.8 
Mean  for  period  =  109.2 
109.2 -=-1.12        =   97.4%,  etc. 


It  should  be  noted  that  in  Table  89  the  ("Average")  and  the  "Year" 
(below  the  Separate  Months  of  both  Column  (4)  and  Column  (6)) 
agree  quite  closely  with  one  another. 

The  discussion  of  Subsidiary  Conclusion  (h)  now  can  be  completed 
by  the  help  of  Tables  88  and  89. 

Column  (1)  of  Table  89  is  believed  to  present  fairly  well-established 
values  of  (h),  with  the  weight  of  9  pan  (pair)  years  of  actual  evapora- 
tion observations  made  by  Messrs.  Grunsky,  Lee,  and  the  writers,  in' 
three  widely  separated  localities;  and  all  made  with  3-ft.  square  pans 
and  with  floating-pans  and  land-pans  all  placed  in  a  usual  or  standard 
manner.  It  is  not  claimed  that  the  values  of  Column  (1)  cannot  be 
amended  and  improved  by  the  addition  of  other  good  evaporation 
records,  either  past  or  future.  It  is  believed,  however,  that  the  values 
given  are  better  established  than  any  hitherto  presented,  and  that; 
(until  and  unless  they  are  replaced  by  other  values  still  better  estab-^ 
lished)  they  may  be  used  with  a  fair  degree  of  confidence  as  approxi- 
mate measures  of  the  correctness  of  other  and  differing  assumed  values. 

Measured  in  this  way,  the  values  found  by  Mr.  Post  at  San  Diego 
(and  shown  in  Column  (3)  of  Table  89)  do  not  appear  to  be  justified 
at  other  places,  either  for  full  years,  for  separate  months,  or  for  any 
of  the  progressive  periods  of  from  2  to  7  months  included  in  Table  89, 
as  his  values  of  Column    (3)   vary  from  the   (present)    standards  of 
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Column  (1)  by  from  +  93  to  —  10%  for  the  separate  months,  by  Messrs. 
from  -|-  68  to  +  4.5%  for  the  seven  progressive  periods,  and  by  "luf* 
+  28.8%  for  the  full  year.  "''''^^• 

The  only  explanation  oifercd  by  the  writers,  for  the  discrepancy 
between  Mr.  Post's  values  and  the  presumably  better  established  gen- 
eral values  of  Column  (1),  is  that  given  tentatively  hereinbefore:  that 
his  values  are  "due  to  the  influences  of  some  unknown  and  unrealized 
local  differences  of  climate  and  exposure,  as  between  his  land-pans  and 
his  floating-pans". 

The  foregoing  comments  on  Mr.  Post's  values  of  (&)  apply  also  in 
the  main  to  Mr.  Ledoux'  value  of  Table  87. 

As  to  Mr.  Hawgood's  opinion  (that  there  are  no  stable  relations 
between  the  evaporation  depths  from  floating-pans  and  those  from  land- 
pans),  the  varying  values  of  Column  (1)  of  Table  89  at  first  glance 
seem  to  confirm  that  view,  but  a  closer  study  seems  to  show  that  the 
variations  of  Column  (1)  are  less  than  they  may  appear.  For  the 
separate  months,  the  mean  of  the  twelve  monthly  values  is  82.5%,  the 
maximum  value  is  95.9%,  and  the  minimum  value  60.8%,  or  a  varia- 
tion of  from  — 21.7  to  4"  13.4  per  cent.  For  the  seven  progressive 
periods  of  from  2  to  7  months,  the  maximum  value  is  82.5%  and  the 
minimum  70.4% ;  or  the  variations  from  the  yearly  mean  of  76.8% 
are  from  —  6.4  to  +  7.7  per  cent.  These  variations  do  not  seem  great 
enough  to  confirm  Mr.  Hawgood's  view,  even  for  parts  of  years. 

The  uniform  value  of  80%  adopted  by  the  writers  compares  with 
Column  (1)  as  shown  by  Column  (6).  For  the  separate  months, 
Column  (5)  varies  from  92.1  to  141.4%  of  Column  (1)  and  for  the 
seven  progressive  periods  from  97.1  to  113.7%  ;  or  the  values  of  Column 
(5)  vary  from  those  of  Column  (1)  from  — 7.9  to  41.4%  for  the  sepa- 
rate months,  from  —  2.9  to  +  13.7%  for  the  seven  progressive  periods, 
and,  for  the  full  yearly  cycle,  is  4.2%  greater.  Hence  the  uniform 
value  of  80%,  assumed  by  the  writers,  is  not  (for  the  yearly  cycle  or 
even  for  the  seven  shorter  periods)  greatly  in  disagreement  with  the 
more  carefully  worked  up  values  of  Column  (1). 

Subsidiary  Conclusion  (c)  of  Table  2. — This  conclusion  (that  the 
evaporation  depth  from  a  large  reservoir  is  about  62%  of  that  from  a 
3-ft.  pan  floating  thereon)  is  that  of  Professor  Bigelow,  as  interpreted 
by  the  writers. 

Mr.  Lee  questions  the  foregoing  statement*  as  not  being  a  correct 
interpretation  of  Professor  BigeloVs  meaning,  and  dissents  from  the 
writers'  statement  that: 

"  *  *  *  it  has  been  recognized  more  or  less  generally  that  the 
evaporation  losses  from  large  reservoirs  *  *  *  are  materially  less 
than  the  evaporation  depths  measured  in  pans,  even  when  the  pans  are 
floating  on  the  reservoir". 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  pp.  2708-9. 
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Messrs.        That  others  have  interpreted  Professor   Bigelow's  experiments  in 
and^*^  this  respect  in  agreement  with  the  writers'   interpretation,   and  that 
Haehi.  gyg}j  interpretation  is  a  matter  of  public  record,  is  shown  by  the  fol- 
lowing quotations*: 

"Experiments  made  in  1909-10  by  the  U.  S.  Department  of  Agri- 
culture gave  the  following  figures  for  the  annual  evaporation  at  twenty 
places  in  the  United  States,  the  evaporating  pan  being  at  or  very  near 
the  surface  of  the  ground  or  water." 

48-  *****  * 

"Birmingham,  Ala.,  4  ft.  diameter  of  pan,  floating  in  reservoir; 
annual  evaporation  51.74  inches." 

******* 

"The  evaporation  from  a  pan  2  ft.  in  diameter  is  about  75%,  that 
from  a  pan  4  ft.  in  diameter  is  about  50%,  and  that  from  a  pan  6  ft. 
in  diameter  is  about  30%  greater  than  the  evaporation  from  a  large 
pond  or  lake.  The  above  [tabular]  figures  may  be  roughly  corrected 
by  using  these  percentages ;  thus,  at  Birmingham,  Ala.,  the  true  annual 
evaporation  is  34.50  in." 

From  Table  13,  it  is  seen  that  the  foregoing  percentages  are  equiva- 
lent to  those  of  Table  2,  and  to  the  evaporation  depth  from  a  large 
reservoir,  being  62%  of  that  from  a  3-ft.  pan  floating  thereon.  The 
Associate  Editor  of  Section  13  of  the  "American  Civil  Engineers' 
Pocket  Book"  (from  which  the  foregoing  quotations  are  taken)  is  Mr. 
Louis  A.  Fischer,  Chief  of  Division  of. Weights  and  Measures,  U.  S. 
Bureau  of  Standards. 

Again,  the  relative  evaporation  depths  from  pans  and  from  reser- 
voirs is  referred  to  (though  rather  indefinitely)  by  Philip  a  Morley 
Parker,!  M.  Am.  Soc.  C.  E.,  as  follows: 

"Modern  studies  show  that  the  evaporation  from  the  water  surface 
of  a  large  reservoir  is  considerably  less  than  (usually  about  §)  that 
which  is  observed  in  ordinary  evaporation  pans." 

(and) 

"The  later  studies  referred  to  on  page  740,  prove  that  the  absolute 
magnitude  of  the  evaporation  from  a  free  water  surface  has,  until 
lately,  been  largely  overestimated,  and  since  no  actual  gaugings  show- 
ing the  loss  assumed  to  exist  have  ever  been  recorded,  I  am  inclined  to 
believe  that  in  Temperate  Insular  climates  at  any  rate,  the  loss  is  inap- 
preciable, or  even  non-existent." 

Also,  Mr.  Hegly  in  his  discussion:}:  refers  (as  a  well-known  fact) 
to  the  smaller  evaporation  depths  from  reservoirs  than  from  evapora- 
tion pans,  though  he  does  not  mention  whether  he  intends  his  statement 
to  apply  to  land-pans,  to  floating-pans,  or  to  both. 

*  "American  Civil  Engineers'  Pocket  Book",  p.  1286  of  1st  (1911),  p.  1256  of  2d 
(1912),  and  p.  1256  of  3d  (1916)  editions. 

t  "The  Control  of  Waaler",  1913,  pp.  740,  207. 

J  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  p.  787. 
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As  to  the  stiitenicnts  by  Mr.  Gruiisky  and  Mr.  Lee,  that  Professor  Messrs. 
BigeloVs  Saltoii  Sea  experiments  included  no  observations  on  floating-     an<i 
pans,  and  hence  can  furnish   no   data  showing  that  the  evaporation     *^^'" 
depth  from  reservoirs  is  materially  less  than  that  from  pans  floating 
thereon,  it  is  shown  in  the  preceding  part  of  this  closing  discussion, 
on   Subsidiary  Conclusion   (a),   that  Professor  Bigelow's  experiments 
did  approximate  floating-pan  conditions.     Also,  he  did  not  secure  his 
value  of  Cg  for  a  large  water  surface  by  direct  observation,  but 

*"By  computing  with  the  formula,  assuming  values  of  C„  =  0.021, 
0.023,  0.025,  0.027,  0.029,  and  using  the  observed  temperatures  of  the 
Salton  Sea  surface  water,  it  is  now  probable  that  the  coefficient  for  a 
large  water  surface  is  C^  =  0.024." 

That  value  is  61.7%  of  his  value,  0.039,  for  a  3-ft.  pan. 

This  explanation  applies  also  to  Mr.  Follansbee's  discussion  of  (c).f 

Aside  from  whether  the  writers  have  interpreted  correctly  in  this 
respect  Professor  Bigelow's  experiments,  much  more  important  ques- 
tions are :  whether  any  logical  reasons  can  be  given  why  the  evaporation 
depth  from  pans  floating  on  a  reservoir  should  be  materially  greater 
than  the  evaporation  depth  from  the  reservoir  itself;  and  whether  such 
data  as  are  available  do  or  do  not  show  the  pan  evaporation  to  be 
greater. 

It  seems  to  the  writers  that  a  sufficient  reason  is  that  given  by  Mr. 
Follansbee,t  as  follows: 

''A  contributing  factor  to  the  greater  evaporation  in  floating-pans  is 
the  wetted  strip  around  the  inside  of  the  pan,  just  above  the  normal 
water  surface,  caused  by  the  wave  action  within  the  pan  itself.  This 
frequent  wetting  of  the  sides  of  the  pan  exposes  an  addtional  wetted 
area  on  a  warm  iron  surface,  and  hence  causes  greater  evaporation." 

Some  additional  warm  wetted  surface  must  be  caused  by  capillary 
action,  and  the  waves  within  the  pan  and  the  area  of  the  thin  film  of 
water  on  the  warm  iron  surface  must  be  increased  greatly  by  the  effect 
of  the  wave  action  in  the  reservoir  and  the  resulting  oscillatory  tipping 
of  the  pan,  even  with  small  waves  in  the  reservoir. 

As  to  actual  data  tending  to  show  whether  or  not  the  evaporation 
depth  from  a  pan  floating  in  a  reservoir  is  greater  than  that  from  the 
reservoir  itself,  the  only  data  known  to  the  writers  are  those  in  the 
paper  for  Lake  Conchos  and  Salton  Sea,  and  some  by  Mr.  Post  and 
Mr.  Whitney  in  the  discussions. 

Mr.  Post's  data  relating  to  Murray  Hill  Reservoir:}:  give  the  evapora- 
tion depth  from  that  reservoir  as  107%  of  that  from  a  floating-pan; 
but  the  observations  are  for  only  a  week,  and  the  pan  was  floating  on 

*  ProccedingSj  Am.  Soc.  C.  E.,  for  September,  1915,  p.  1746. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1916,  p.  160. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  p.  2699. 
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Messrs.  La  Mesa  Reservoir,  5  miles  distant.     Due  to  the  short  duration,  the 
and     distance  of  the  pan  from  the  Murray  Hill  Reservoir,  and  the  possible 

Haehi.  differing  climatic  conditions  at  pan  and  at  reservoir  throughout  the 
short  period,  it  is  not  believed  that  these  data  can  have  any  weight  in 
determining  this  question. 

Mr.  Post's  other  applicable  data  are  contained  in  Tables  58  and  59.* 
Table  58  compares  the  computed  actual  monthly  evaporation  depths 
from  Cuyamaca  Reservoir  with  the  evaporation  depths  from  a  pan  3 
ft.  square  and  18  in.  deep  floating  thereon.  The  observations  cover  a 
continuous  period  of  15  months,  of  which  two  disconnected  months  are 
excluded  from  the  totals  by  Mr.  Post  for  reasons  not  stated.  The 
results  of  Table  58  may  be  summarized  briefly  as  follows : 

Monthly  Evaporation  Depths  from  Reservoir,  as  Percentages  of 
Those  from  Floating-Pan. 

Extremes.  Mean. 

For  the  15  months S5%  and  Uf%  77o/o 

For  13  months  only  (35%  and  36%  excluded) 45o/o  and  118%  83% 

Number  of  months  less  than  100%  11  9 

Number  of  months  more  than  100% 4    15  4    13 

Number  of  months  less  than  62"o 5  3 

Number  of  months  more  than  6296 10    15  10    13 

Table  59  compares  the  actual  monthly  evaporation  depths  from 
Sweetwater  Reservoir  for  28  months  (continuous)  and  from  Upper 
Otay  Reservoir  for  7  months  (not  continuous),  with  the  monthly 
evaporation  depths  from  a  pan,  3  ft.  square  and  18  in.  deep,  floating  on 
La  Mesa  Reservoir,  7  miles  from  Sweetwater  Reservoir  and  12  miles 
from  Upper  Otay  Reservoir.  The  results  of  Table  59  may  be  sum- 
marized briefly  as  follows,  the  percentages  being  for  the  "Mean"  column 
of  Table  59. 

Monthly  Evaporation  Depths  from  Reservoir,  as  Percentages  of 
Those  from  Floating-Pan. 

Extremes.      Mean. 

For  the  28  months 3.2",,  and  327%  80    o^ 

For  27  months  only  (excludinsr  3.2%) 31     %  and  12To/o  82.5% 

Number  of  months  less  than  100<)„ 24  23 

Number  of  months  more  than  100% 4    28  4    27 

Number  of  months  less  than  62% 11  10 

Number  of  mouths  more  than  62% 17    28  17    27 

It  is  noticeable  that  the  evaporation  depths  for  the  Upper  Otay 
Reservoir,  given  by  Mr.  Whitney  in  Table  74,t  do  not  agree  (for  2  of 
the  7  months)  with  those  given  by  Mr.  Post  in  Table  59;  the  depth  in 
Table  74  being  8.0  in.  for  August,  1914,  and  8.0  in.  for  August,  1915, 
and  those  by  Mr.  Post  being  12.06  and  10.0  in.,  respectively.  Accept- 
ing Mr.  Whitney's  values  as  the  more  probable  and  reasonable,  and 

*  Ibid,  pp.   2700-01. 

i  Proceedinris,  Am.  See.  C.  E.,  for  April,  1916,  p.  580. 
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correcting:  the  preceding  table  accordingly,   the  following  values  are  Messrs. 
obtained:  and 

Haehl. 

Monthly  Evaporation  Depths  from  Eeservoir,  as  Percentages  of 
Those  from  Floating-Pan  (Corrected). 

Extremes.      Mean. 

For  27  months 31%  and  121%      78% 

Number  of  months  less  than  lOOOo 24 

Number  of  months  more  than  100% 3    27 

Number  of  months  less  than  62% 10 

Number  of  mouths  more  than  63% 17    27 

It  is  apparent  that  the  distances  between  pan  and  reservoirs  (7  and 
12  miles,  in  hilly  country)  make  this  average  relation  of  78%  far  from 
reliable.  This  is  indicated,  also,  by  the  wide  range  in  the  monthly 
values,  from  31  to  121  per  cent. 

The  relations  given  by  Mr.  Whitney  in  Table  76,*  between  the 
evaporation  depths  from  the  Upper  Otay  Reservoir  and  those  from  a 
3-ft.  square  pan  floating  thereon,  for  2^  months,  have  such  wide  varia- 
tions (80%  for  October,  142%  for  November,  52%  for  December,  and 
87%  as  the  average  for  the  2 J  months),  that  they  cannot  be  regarded 
with  confidence  as  reliable  measures  of  this  relation. 

As  to  Professor  Bigelow's  value  of  this  relation  at  Salton  Sea,  in- 
terpreted by  the  writers  as  62%,  it  is  apparent  that  Mr.  Louis  A. 
Fischer,  Chief  of  Division  of  Weights  and  Measures,  U.  S.  Bureau 
of  Standards,  made  an  identical  interpretation  as  early  as  1911.  The 
several  rough  checks  given  in  Table  14  on  the  62%  value,  though 
pointed  out  there  as  merely  approximations,  and  with  some  uncertain- 
ties, still  are  based  on  values  adopted  after  some  thought  by  one 
physicist  and  two  engineers,  and  are  believed  to  have  some  corrobora- 
tive value. 

There  remain  for  consideration  only  the  Lake  Conchos  determina- 
tions of  the  value  of  (c),  summarized  in  Table  50.  As  to  the  pan  evapo- 
rations at  Lake  Conchos,  they  were  made  only  by  usual  and  ordinary 
methods,  but,  it  is  believed  (as  shown  by  Mr.  Thorpe's  discussion), 
with  more  care  and  attention  to  reliability  than  is  at  all  usual  in  most 
engineering  tests  for  evaporation;  and,  as  representative  of  the  true 
evaporation  depths  from  the  pans  during  the  periods  observed,  it  is 
believed  that  they  may  be  accepted  safely  as  at  least  as  accurate  as  the 
majority  of  pan  evaporation  data  accumulated  up  to  the  present  time, 
and  probably  more  so.  The  floating-pans  were  placed  well  out  from 
shore,  in  exposed  deep  water  apparently  representative  of  the  greater 
proportion  of  the  lake;  and,  during  the  dry  season  (when  the  pan 
evaporations  used  were  taken),  the  climatic  conditions  apparently  were 
very  uniform  and  stable  over  the  area  of  the  lake. 

•  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1916,  p.  582. 
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Messrs.  As  to  the  measured  evaporation  deptlis  from  the  lake  surface  itself, 
^and^*  worked  out  in  Table  45,  the  measurements  on  which  these  are  based 
Haehi.  j^jg^  ^gre  made  with  much  care  as  to  their  reliability. 

The  inflows  to  the  lake  as  gauged  at  Pilar  de  Conchos  and  the  out- 
flows as  gauged  below  the  La  Boquilla  Dam,  were  from  daily  gauge 
heights  in  the  low-flow  season  (of  a  stream  not  flashy  and  having  drain- 
age areas  above  the  gauging  stations  of  about  7  000  sq.  miles),  used  in 
conjunction  with  carefully  rated  stream  sections  at  the  two  gauging 
stations.  The  sections  were  re-rated  afterward  and  found  to  be  stable 
and  unaltered,  and  the  current  meters  (Gurley  Price  meters)  were 
tested  and  found  not  to  have  changed  their  ratings.  The  outflows 
through  the  dam  also  were  checked  in  other  ways,  as  by  pipe  flow,  and 
the  seepage  losses  were  measured  carefully  by  weirs,  etc. 

The  elevations  of  the  lake  surface  (used  in  conjunction  with  its 
surface  areas  to  estimate  the  increase  or  decrease  in  the  volumes  of 
stored  water  during  the  7  months  and  the  included  4-months  periods) 
were  taken  from  monthly  tables  of  the  daily  gauge  heights  of  lake 
elevation,  which  changed  very  slowly  and  evenly.  The  corresponding 
surface  areas  of  the  lake  were  from  carefully  prepared  curves  and 
tables  of  ar'eas  and  volumes,  and  it  is  noticeable  that,  during  the 
4-month  and  7-month  periods,  the  changes  of  elevation  were  small,  a 
net  fall  of  only  0.04  m.  (1.58  in.)  in  the  7-month  period  and  a  net  rise 
of  only  0.32  m.  (12.60  in.)  in  the  included  4-month  period. 

As  to  the  elimination  in  Table  45  of  the  rain  falling  directly  on  the 
lake  surface,  and  the  substantial  uniformity  of  the  rainfalls  at  the 
opposite  ends  of  the  lake,  such  uniformity  is  shown  by  the  comparisons 
in  Table  90. 

At  both  La  Boquilla  and  Pilar  de  Conchos  only  a  small  part  of  the 
total  yearly  rainfall  occurs  during  the  8  dry  months,  October  to  May, 
and  about  the  same  proportions  at  the  two  places.  These  facts  are 
shown  by  Table  91. 

Table  91  shows  that,  during  the  12  months,  June,  1913,  to  May, 
1914,  the  rainfall  at  Pilar  de  Conchos  was  only  about  10%  greater 
than  that  at  La  Boquilla;  and,  during  the  8  months,  October,  1913,  to 
May,  1914  (about  the  period  for  which  the  evaporation  depth  from  the 
lake  itself  was  estimated),  only  about  16%  greater  and  2.2  in.  more. 
These  close  agreements  and  the  small  differences  in  the  monthly  rain- 
falls of  Table  90  at  the  two  places  show  the  small  probability  of  any 
material  error  arising  in  the  estimation  of  the  average  rainfall  on  the 
lake  as  the  mean  of  the  rainfalls  at  La  Boquilla  and  at  Pilar  de  Conchos. 

Another  important  element  in  Table  45  is  the  assumption  that  there 
were  no  accessions  to  the  lake  storage  during  the  7  months,  October, 
1913,  to  April,  1914,  except  the  gauged  inflow  of  the  main  river  past 
Pilar  de  Conchos  and  the  rain  falling  directly  on  the  lake  surface. 
That  assumption  seems  justified,  for  several  reasons. 
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TABLE    90. — Comparative   Monthly    K.mnfalls,   in   Inches,   at   La  Messrs. 

BOQUILLA  AND  AT  PiLAR  DE  CONCHOS,  25  MiLES  ApART.  ''aifd  * 

Haehl. 

(See  Figs.  1  and  3.) 
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*0.28 
0  00 
0.00 
0.00 
1.14 

0.51 
2.05 
2.30 
2.53 

0.85 
0.30 
0.26 

Trace. 

0.43 
Trace 
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1.78 
3.61 
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0.98 
0.49 
0.28 

0.35 

0.46 

Trace. 

0.37 
0.02 

3.37 
2.. 59 
1.75 
4.21 

O.IK 
1.61 
0.12 

0.20 
0  69 
0.00 
0.04 
Trace. 

3.21 
1.73 

6.08 
3.09 

1.22 
1.10 

0.00 
0.06 
1.10 
0.00 
1.26 

4.70 
3.15 

4.82 
2.42 
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2,22 
1.14 

Trace. 
0.08 
0.31 

Trace. 
1.02 

8.54 
3.60 
3.17 
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1.08 
1.77 
1.14 

1.04 
0.06 
0.37 

Trace. 

Trace. 

0.41 
4.42 
6.77 
3.99 

0.00 
0.00 
0.08 

Year 

10.22 

13.24 

15.03 

17.64 

23.29 

25.63 

18.53 

17.14 

*  The  rainfalls  were  measured  and  recorded  in  millimeters  and  half-millimeters, 
and  reduced  for  this  table  at  the  rate  of  1  in.  =  25.4  mm. 

TABLE  91. — Comparative  Dry-Season  Rainfalls,  in  Inches  (October 
TO  May,  Inclusive),  at  La  Boquilla  and  at  Pilar  de  Conohos. 


La  Boquilla. 

Pilar  de  Conchos. 

Rainfall  year. 

12  months. 

June  to 
September. 

October  to 
May. 

12  months 

June  to 
September. 

October 
to  May. 

1912-13  

10.00 
16.25 
81.76 

7.39 
11.92 
15.09 

2.61   =  26% 
4.. 33  =  270/0 
6.67  =  31% 

13.74 

18.12 
25.69 

11.06 
14.11 
20.23 

2.68  =  200/0 
4  01  —  220/6 

1913-14 

1914  15 

5.46  —  2\% 

Mean 

16.00 

11.47 

4.53  =   280,6  j          19.18 

15.13 

4.05=210/6 

1 

Rainfall  vpar  1                              ^^  months. 

Kainiaii  year.  |      ^a  Boquilla  -^  Pilar  =  Percentage. 

•          8  months.  October-May. 

La  Boquilla  h-  Pilar  =  Percentage. 

1 

1912-13 

10.00        -V-        13.74        =   73% 
16.25        -i-        18.12        :=   900/6 
ai.76        H-        25.69        =   850/6 

'          7.39     -f-      11   06     -     6706 

1913-14 

1914-15 

i         11.92     -^      14.11     =     84*6 
15.09      -=-      20.23     -     75% 

Mean 16.00       -f-        19.18        =   83% 

11.47     H-      15.13    =     7796 
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Messrs.        First,  the  region  is  a  semi-arid  one,  with  no  small  running  streams 
ancf  *  throughout  the  dry  season,  when  water  is  flowing  only  in  large  rivers 

Haehi.  j^-j^g  ^^iq  Rio  Conchos.  This  condition  is  a  .usual  and  general  one,  and 
such  arroyos  as  lead  into  the  lake  between  Pilar  de  Conchos  and 
La  Boquilla  are  dry,  except  during  the  heavy  rains  of  the  rainy  season. 
This  condition  was  observed  by  Mr.  Thorpe  and  his  assistants  at  fre- 
quent intervals,  and  even  by  one  of  the  writers  (on  a  trip  from 
La  Boquilla  to  Pilar  de  Conchos  and  return,  in  March,  1914).  Also, 
any  material  inflows  from  those  arroyos  carry  with  them  considerable 
silt,  and  thus  increase  quickly  and  noticeably  the  turbidity  of  the  lake. 
Second,  the  drainage  areas  of  the  arroyos  leading  into  the  lake  from 
the  north  and  south  are  narrow  and  small,  and  can  easily  absorb  all 
such  small  and  infrequent  rainfalls  as  occur  during  the  dry  season. 
This  is  evident  from  the  comparative  data  of  rainfall  and  run-off  as 
follows : 

From  Tables  97  and  98,  and  more  detailed  data,  the  total  stream 
flow  of  the  Rio  Conchos  during  the  whole  year,  1913,  was  only  a  very 
small  proportion  of  the  rainfall  on  its  drainage  areas ; 

From  drainage  area  above  its  mouth    only  about  4.5  per  cent. 
"  "  "     La  Boquilla     "         "      6.8    "       " 

The  greater  part  of  these  yearly  run-offs  occurred  during  the  rainy 
and  flood  season,  and  nearly  all  of  that  measured  at  La  Boquilla  came 
from  the  (about)  7  000  sq.  miles  of  drainage  area  up  stream  from  the 
lake,  and  very  little  of  it  from  the  few  square  miles  of  tributary  area 
abutting  on  the  lake;  and,  during  the  dry  season,  the  percentage  of 
run-off  from  those  abutting  areas  must  have  been  practically  nothing. 

During  the  12  months.  May,  1913,  to  April,  1914,  the  total  measured 
run-off  at  La  Boquilla  (including  the  floods  of  May  to  September, 
1913),  was  equivalent  to  an  average  depth  from  the  (about)  7  000  sq. 
miles  of  drainage  area  of  only  about  1.11  in. ;  of  which  only  about 
0.12  in.  (about  11%)  ran  off  during  the  7  months,  October  to  April. 
It  is  believed  that  all  of  this  0.12  in.  was  furnished  from  the  large  area 
up  stream  from  Pilar  de  Conchos,  and  practically  none  of  it  from  the 
two  small  narrow  drainage  areas  at  the  north  and  south  sides  of  the 
lake,  between  Pilar  de  Conchos  and  La  Boquilla  Dam. 

From  Table  6,  the  normal  or  mean  rainfall  at  the  lake  during  the 
7  months,  October  to  April,  amounts  to  only  about  2.75  in.,  or  about 
23%  of  the  mean  yearly  rainfall.  From  Tables  45,  90,  and  91,  the 
rainfall  at  the  lake  during  the  7  months,  October,  1913,  to  April,  1914, 
was  only  about  3.0  in.  From  Table  90  and  daily  rainfall  records,  the 
infrequent  rainfalls  of  the  dry  season  are  widely  distributed  over  the 
7  months,  with  ample  opportunity  for  the  ground  to  dry  out  between 
the  rains,  and  hence  with  very  little  chance  for  those  rains  to  contribute 
to  the  run-off  or  stream  flow. 
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As  the  result  of  7  years  of  very  careful  rain  and  stream  gaugings,  Messrs. 
by  the  writers,  of  a  California  stream  having  rainfall  and  seasonal  con-     amf^ 
ditions  quite  similar  to  those  of  the  Rio  Conchos   (the  Coyote  River,  Haehi. 
of  about  200  sq.  miles  drainage  area),  it  was  found  that  there  were  no 
stream  flows  contributed  by  the  scattered  autumn  rainfalls  of  a  new 
rainy  season  until  after  the  first  2  to  10  in.  (usually  from  5  to  8  in.) 
of  rain  had  fallen.     This  condition  was  confirmed  by  similar  gaugings, 
of  1  to  4  years  each,  on  six  other  streams  in  the  same  general  region, 
the  rainfalls,  before  stream  flows  resulted,  being  there  1.3  to  13  in., 
usually  from  5  to  10  in.     The  average  regional  yearly  rainfalls  on  the 
Coyote  drainage  area  varied  from  about  19.0  to  35.4  in.  during  the  7 
years,  and  on  the  other  six  streams  from  about  18.3  to  50.0  in.     The 
drainage   areas   of   all   the   seven   streams   are   in   general   rough   and 
mountainous,  and  the  year's  rainfall  nearly  all  occurs  in  .a  rainy  sea- 
son (about  October  to  April)  of  about  6  months. 
From  what  has  been  said  it  is  apparent  that : 
The  stream  flows  at  La  Boquilla  for  the  calendar  year,  1913,  ag- 
gregated only  about  6.8%   of  the  tributary  rainfall,  most  of 
this  stream  flow  occurring  in  the  rainy  or  flood  season  of  June 
to    September,   and  nearly   all   of  it   coming  from  the  large 
tributary  area  (about  7  000  sq.  miles)  above  Pilar  de  Conchos ; 
During  the  12  months.  May,  1913,  to  April,  1914,  the  total  stream 
flow  or  run-off  at  La  Boquilla  was  equivalent  to  only  about 
1.11  in.  depth  on  the  tributary  drainage  area,  of  which  only 
about  11%   (about  ^  in.)  occurred  during  the  7  months,  Oc- 
tober to  April; 
I         In  those  7  months  only  about  3  in.  of  rainfall  occurred  at  Lake 
Conchos,  in  scattered  rains; 
Under  similar  conditions,  on  similar  streams  in  California,  usually 
more  than  5  in.  of  scattered  rains  fell  in  the  autumn  before 
any  of  it  began  to  appear  as  stream  flow;  and 
From  occasional  visual  observations  along  the  lake  and  constant 
observations  at  the  dam,  there   is  believed  to  have  been  no 
material  inflow  into  Lake  Conchos  between  Pilar  de  Conchos 
and  the  La  Boquilla  Dam  during  the  7  months,  October,  1913, 
to  April,  1914. 

About  the  only  other  elements  which  enter  into  the  Lake  Conchos 
check  of  the  62%  value  of  Subsidiary  Conclusion  (c),  are  the  reduction 
by  20%  of  the  observed  evaporation  depths  from  the  land-pans  to  bring 
them  to  assumed  corresponding  depths  from  floating-pans,  and  the  ex- 
pansions into  full  years  of  the  (about)  5  months'  pan  observations  and 
of  the  7  months'  lake  observations.  As  to  the  80%  relation,  that  has 
been  discussed  already  under  (6),  and  it  is  believed  to  be  fairly  well 
established  that  the  evaporation  depths  from  floating-pans  are  in  gen- 
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Messrs.  eral  considerably  less  than  those  from  near-by  land-pans  of  the  same 
and^*  size,  and  probably  about  80%  thereof.    As  to  the  expansions  from  part 

Haehl.  ^qq^j.  iq  f^\\  year,  they  were  each  made  by  two  methods,  (a)  and  (h) 
(Ba  and  -B^  for  the  pans,  and  Ca  and  C^  for  the  lake),  the  two  methods 
checking  each  other  closely  for  yearly  evaporation  depths;  and,  as  the 
periods  for  pan  and  lake  observations  were  largely  coincident  (Jan- 
uary to  June  for  pans  and  October  to  April  for  lake),  and  as  the  same 
methods  of  expansion  were  used  for  both,  the  correctness  of  their 
comparative  yearly  values  (or  the  value  used  to  check  Subsidiary  Con- 
clusion (c))  should  to  a  large  degree  be  unaffected  by  the  absolute 
correctness  of  the  methods  of  expansion  used  and  of  the  resulting 
yearly  values. 

In  view  of  all  the  additional  explanations  of  Subsidiary  Conclu- 
sion (c)  which  have  been  given,  at  the  very  least,  it  is  believed  to  be 
a  reasonable  probability  that  the  evaporation  depths  from  large  reser- 
voirs are  much  smaller  than  those  from  evaporation  pans  floating 
thereon,  and  for  3-ft.  pans  probably  only  about  62%  as  great.  It  is 
acknowledged,  however,  that  this  and  some  others  of  the  writers'  con- 
clusions are  shown  by  some  of  the  discussions  to  be  open  to  more  or 
less  question,  which  can  be  settled  conclusively  only  by  more  complete, 
exact,  and  reliable  future  data.  In  the  meantime,  however,  it  is  felt 
that  Subsidiary  Conclusion  (c)  may  be  given  at  least  tentative  accept- 
ance as  expressive  of  the  best  data  as  yet  available. 

The  remaining  subsidiary  conclusions  of  the  paper  are  that  the 
evaporation  depths  at  different  places  throughout  the  Great  Plateau 
increase  almost  directly  with  (d),  increases  in  the  mean  temperature, 
and  (e),  increases  in  the  elevation  above  sea-level,  as  stated  in  Table 
2  and  shown  by  Fig.  4.  This  discussion  of  (d)  and  (e)  will  be  more  or 
less  a  combined  one,  and  also  will  be  briefer  than  the  foregoing  part, 
of  this  closure. 

It  is  apparent  from  a  study  of  the  paper  that  (d)  and  (e)  are  based 
entirely  on  data  of  pan  evaporations  made  at  six  stations,  and  not  at 
all  on  Piche  evaporimeter  records  and  evaporation  depths  calculated 
therefrom.  The  Piche  records  presented  in  the  paper  were  considered 
for  use  in  conjunction  with  the  pan  data,  but  were  rejected  as  unreliable 
for  such  uses.  Many  interesting  comments  on  Piche  records  are  given 
by  Messrs.  Lee,  Pollansbee,  Meyer,  Comstock,  Grunsky,  and  Hegly,  all 
of  whom  seem  to  agree  on  the  unreliability  of  Piche  records  as  measures 
of  absolute  evaporation  depths;  however,  no  actual  use  was  made  of 
them  in  the  paper. 

In  considering  (d)  and  (e),  it  should  be  remembered  that  they  were 
stated  repeatedly  by  the  writers  as  applicable  only  to  the  evaporation 
relations  between  places  on  the  Great  Plateau,  or  between  places  where 
the  climatic  conditions  other  than  mean  temperature  are  quite  similar. 
Apparently,  the  writers  did  not  emphasize  this  point  to  the  satisfaction 
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of  Mr.   E.  F.   Chandler,*  though  they  intended  to   emphasize   it  and  Messrs. 
thought  they  had  done  so.  jind 

Conclusion  (d)  seeni.=;  to  be  agreed  with  in  a  general  way  (at  least  H*^*^'- 
qualitatively,  even  if  not  quantitatively)  by  several  of  those  who  dis- 
cuss it.    Mr.  Chandler  shows  by  Fig.  IGf  that,  for  a  period  of  10  years 
in  North  Dakota,  ^\dth  observed  values  for   71  months,  the  observed 
evaporations  are  found 

"*  *  *  to  be  satisfied  fairly  well  from  temperatures  35  to  75°  Fahr. 
by  the  'straight-line'  curve  representing  the  equation, 

E  =  0.135  T  —  4.00, 

in  which  E  is  the  evaporation,  in  inches,  during  the  month,  and  T  the 
mean  temperature  of  the  month,  in  degrees,  Fahrenheit." 

It  also  is  stated  by  him  that,  if  the  values  of  Fig.  4  and  Fig.  13:}:  are 
applied  to  the  mean  monthly  temperatures  of  the  Red  River  Valley 
of  North  Dakota,  the  corresponding  equation  is 

E  =  0.20  T  —  10.00. 

As  was  to  be  expected,  this  differs  widely  from  his  equation  of  North 
Dakota  evaporations  and  mean  temperatures.  * 

Mr.  Post  shows,  by  Figs.  17  and  18,:}:  that  for  the  climatic  conditions 
near  San  Diego,  Cal.,  the  relations  between  evaporation,  mean  tem- 
perature, and  elevation  above  sea  level  may  be  represented  fairly  well 
(neglecting  all  the  other  elements  of  the  climate)  by  straight  lines 
or  by  lines  of  light  curvature  approximating  them. 

Mr.  Lee  says§ : 

"The  authors'  analysis  of  this  subject  [((f)]  is  very  interesting 
and  suggestive,  and  the  results  are  of  value  within  the  general  region 
to  which  they  can  be  applied  and  when  evaporation  records  are  not 
available." 

As  to  (e),  he  says: 

"The  writer  would  make  much  the  same  comment  *  *  *  as 
he  has  on  [(d)]." 

Mr.  Robert  Follansbee||  seems  to  accept  the  writers'  Conclusion  (d), 
in  so  far  as  it  relates  to  the  southern  part  of  the  Rio  Grande  drainage, 
but  to  find  it  not  applicable  to  some  other  regions  which  he  has  investi- 
gated, in  this  respect.    He  says : 

"The  writer  was  especially  interested  in  the  simple  relations  between 
evaporations  and  temperature  for  the  records  in  the  southern  part  of 
the  Rio  Grande  drainage.     To  determine  whether  a  similar  relation 

•  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  pp.  2688-89,  2691. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  pp.  2689-90. 
i  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  pp.  2692  and  2696. 
§  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  p.  2709. 
II  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1916,  pp.  160-163. 
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Messrs.  exists  for  the  upper  part  of  the  Rio  Grande  drainage  at  an  elevation 
^and^^  of  7  200  ft.,  the  records  near  Santa  Fe  were  investigated,  [as]  compiled 
Haehi.  by  the  U.  S.  Geological  Survey. 

******* 

"*  *  *  Fig.  21  shows  that  the  points  do  not  lie  on  or  near  a 
single  straight  line,  as  would  be  the  case  if  the  simple  relation  between 
monthly  evaporation  and  temperature  obtained. 

******* 

"*  *  *  From  these  records,  it  is  evident  that  other  factors  than 
temperature — such  as  wind  velocity  and  relative  humidity — influence 
evaporation  to  such  an  extent  in  the  upper  part  of  the  Rio  Grande 
drainage  that  it  is  impossible  to  determine  evaporation  [there]  with 
any  degree  of  accuracy  from  temperature  records  alone. 

"An  investigation  of  evaporation  records  in  the  southwestern  part 
of  Oklahoma  was  made  in  order  to  determine  whether  a  simple  relation 
obtained  between  temperature  and  evaporation  in  that  section  of  the 
country. 

******* 

"The  plotting  of  the  monthly  evaporation  and  mean  air  tempera- 
ture, Fig.  22,  shows  that  the  relation  between  the  two  at  this  point 
is  complicated  to  a  great  extent  by  the  other  evaporation  factors, 
jnaking  it  impossible  to  determine  evaporation  [there]  from  air 
temperatures  alone." 

Mr.  Grunsky  states  that  some  years  ago  he  himself  pointed  out : 

"*  *  *  the  preponderating  influence  of  temperature  on  evaporation 
*  *  *  and  *  *  *  the  use  of  mean  monthly  temperatures  as  a 
guide  in  approximating  the  evaporation  from  a  water  surface  such  as 
that  at  Salton  Sea  was  illustrated.  This  article*  was  prepared  by  the 
writer  in  order  to  show  that,  throughout  regions  in  which  climatic 
conditions  are  similar,  it  may  be  assumed  that  errors  due  to  more  or 
less  wind  movement  in  one  locality  when  compared  with  another,  and 
those  due  to  small  differences  in  relative  humidity  and  other  similar 
causes,  may  be  neglected,  and,  [that]  for  all  preliminary  engineering 
purposes,  evaporation  from  an  open  water  surface  may  be  determined 
from  mean  monthly  temperature. 

"It  will  be  apparent,  however,  that  this  can  only  be  done  after  the 
relation  between  the  mean  monthly  temperature  and  the  rate  of  evapo- 
ration at  one  or  more  selected  points  during  the  calendar  months  has 
been  determined  experimentally." 

Mr.  Grunsky  thus  agrees  that  the  evaporation  does  increase  as  some 
function  of  the  mean  temperature  (as  is  almost  self-evident),  and 
that  the  influence  of  mean  temperature  is  "preponderant";  but  he  does 
not  agree  with  the  writers'  Conclusion  (d)  as  to  a  simple  "straight- 
line"  relation. 

As  to  the  straight-line  relation :  the  writers  must  admit  that  it 
is  somewhat  forced,  and  is  only  approximately  true;  and  that,  in 
view  of  the  few  data  used  by  them  as  a  basis  for  it,  and  of  the  uncer- 

♦  Engineering  News,  Vol.  60,  August  13th,  1908,  p.  163. 
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tainties  of  some  of  these,  which  have  been  pointed  out,  the  straight-  Messrs. 
line  relation  does  not  seem  well  proven.  amf* 

However,  Mr.  Grunsky's  Figs.  28,  29,  and  30*  show  that,  for  mean  ""*''"• 
monthly  temperatures  greater  than  50  to  60°  Fahr.,  the  curves  of  tem- 
perature evaporation  relation  are  light  ones  and  not  great  departures 
from  straight  lines,  even  for  the  long,  careful,  and  widely  separated 
evaporation  observations  at  Kingsburg,  Chestnut  Hill,  Lee  Bridge,  and 
Owens  River;  and  Table  42  shows  that  the  evaporations  observed  at 
Lake  Conchos  differ  but  little  from  those  estimated  by  assumed  straight- 
line  temperature-elevation-evaporation  relations.  However,  this  close 
agreement,  of  course  is  partly  dependent  on  some  of  the  assumptions 
and  data  which  have  been  criticized  adversely  by  some  of  those  dis- 
cussing the  paper. 

In  connection  with  Conclusion  (d),  it  is  of  interest  to  note  that 
in  Table  Ylf  Mr.  Grunsky  has  estimated  the  normal  yearly  evaporation 
depth  from  Salton  Sea  by  using  the  monthly  mean  temperatures  there 
in  conjunction  with  the  Kingsburg  evaporation-temperature  curve/ 
(presumably  Fig.  28^),  and  neglecting  all  other  elements  of  the  two 
climates;  and  gets  as  a  result  a  probably  normal  yearly  evaporation 
depth  from  Salton  Sea  of  6.24  ft.  (or  a  little  less),  or  about  74.8  in. 
From  Table  14,  various  estimates  of  the  yearly  evaporation  from 
Salton  Sea  are  from  67  to  73.7  in.,  or  in  fairly  close  agreement  with 
Mr.  Grunsky's  estimated  value  of  74.8  in. 

In  Table  71  there  are  no  normal  mean  monthly  temperatures  at 
Salton  Sea  below  50°  Fahr.,  and  only  3  months  (December,  January, 
and  February)  appreciably  below  60° ;  and  the  light  curve  of  Fig.  28 
is  approximately  a  straight  line  above  60°,  and  only  a  little  farther 
from  it  above  50  degrees.  Hence  it  appears  probable  that,  as  between 
Kingsburg  and  Salton  Sea,  the  yearly  evaporation  may  be  estimated 
with  a  fair  degree  of  approximation  by  a  "straight-line  relation"  of 
evaporation  to  mean  temperature,  neglecting  all  the  other  elements 
of  the  two  climates.  Salton  Sea  is  about  300  miles  from  Kingsburg, 
and  is  about  200  ft.  below  sea  level,  or  about  500  ft.  lower  than 
Kingsburg.  The  two  places  are  separated  by  much  mountainous  coun- 
try, and  presumably  have  considerable  differences  of  climate. 

This  close  check  may  be  merely  an  accidental  coincidence;  but  it 
appears  to  the  writers  to  have  some  weight  (even  though  indefinite), 
as  indicating  the  comparatively  small  influence  on  evaporation  of 
most  elements  of  climate  other  than  mean  temperature,  and  the 
approximate  "straight-line  relation"  between  evaporation  depth  and 
mean  temperature. 

•  Proceedinfjs,  Am.  Soc.  C.  E.,  for  April,  1916,  pp.  565-567. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1916,  p.  574. 
%  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1916,  p.  565. 
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Messrs.  Others  who  discuss  Subsidiary  Conclusion  {d)  are  Messrs.  Com- 
and^*  stock,  Horton,  and  Ledoux.  Mr.  Comstock's  study*  of  the  mean 
departures  of  the  observed  monthly  evaporations  at  El  Paso,  Albu- 
querque, Carlsbad,  and  Elephant  Butte  from  their  respective  curves 
is  instructive,  and  weakens  those  data  somewhat  as  a  valid  basis  for 
Conclusion  {d).  However,  though  the  mean  departures  of  12  to  15% 
are  in  a  sense  large,  as  related  to  values  in  climatology  they  are  not 
unduly  large.  For  instance,  in  Tables  28  and  29  the  mean  departure 
of  the  11  yearly  values  of  pan  evaporation  in  the  Santa  Clara  Yalley 
is  11%,  of  the  6  yearly  values  at  Lake  Tahoe  8%,  and  of  the  11 
Emdrup  values  6%,  with  maximum  departures  of  25,  16,  and  14%, 
respectively;  and,  for  the  16  years'  evaporation  records  at  Boston,  the 
maximum  departure  was  13  per  cent.  The  three  evaporation  records 
just  cited  are  believed  to  be  as  reliable,  at  the  very  least,  as  is  usual 
for  data  of  this  class;  and  the  mean  departures  of  12  to  15%  pointed 
out  by  Mr.  Comstock  are  but  small  compared  with  the  greater  depar- 
tures usual  in  records  of  yearly  rainfall  and  stream  flow.  The  12  to  15% 
mean  departures  must  be  admitted  to  weaken  Conclusion  {d)  as  depend- 
ent on  those  data;  still,  they  are  felt  to  give  some  weight  to  that  con- 
clusion, though  {d)  is  admitted  to  be  more  roughly  approximate  than 
was  realized. 

Discussing  Subsidiary  Conclusion  {d),  Mr.  Robert  E.  Horton  saysf: 

"It  has  long  been  known  that  measured  evaporation  losses  from 

water  surfaces  could  be  represented  graphically  in  a  fairly  satisfactory 

manner  in  terms  of  temperature  alone  as  the  independent  variable. 
******* 

"For  the  purpose  of  determining  the  relation  of  evaporation  to 
temperature,  considering  the  latter  as  the  only  independent  variable, 
the  writer  has  tabulated  the  experimental  data  for  Albuquerque,  N. 
Mex.,  from  the  records  of  the  Hadley  Climatological  Laboratory,  as 
appearing  on  Plate  XXXI,  and  has  computed  therefrom  the  correla- 
tion coefficient.  *  *  *  The  computations  are  given  in  Table  78^, 
and  indicate  a  correlation  coefficient,  0.92  in  this  instance.  The 
probable  error  of  a  single  observation  by  the  usual  formula  is  0.0189. 
If  there  is  perfect  correlation  between  two  quantities,  the  correlation 
coefficient  should  be  unity.  If  there  is  no  correlation,  it  would  be  zero. 
If  the  correlation  coefficient  is  five  to  six  times  as  great  as  the  prob- 
able error  and  is  also  greater  than  one-half  or  two-thirds  in  absolute 
value,  it  indicates  a  considerable  degree  of  correlation.  This  calcu- 
lation appears  to  indicate  that  evaporation  in  the  long  run  may  be 
treated  as  though  it  were  a  function  of  temperature  alone  at  a  given 
locality.  It  is  true,  however,  that  in  any  individual  period,  as  for 
a  given  month  or  year,  the  evaporation  is  very  profoundly  modified 
by  other  factors,  such  as  variation  in  the  wind  velocity  and  vapor 
pressure  in  the  air." 

*  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1916,  p.  394. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  pp.  790-92. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  p.  792. 


Papers.]  DISCUSSION  :  EVAPOKATION  FROM  LAKE  CONCHOS,  MEX.         1451 

Mr.  Ledoux  says*  :  Messrs. 

Duryea 

"In   1888   and  1889  the  writer  made   weather  observations,   which     and 

included   the   measurement   of   evaporation    on   a   water   surface   con-     ***"*''■ 

taiuing  about  2j  acres,  in  the  Alleghany  Mountains. 

******* 

"Up  to  that  time,  the  writer  was  under  the  impression  that  the 
evaporation  from  water  surfaces  was  more  directly  related  to  relative 
humidity  than  to  any  other  factor,  but  one  month's  observations  abso- 
lutely dispelled  this  belief. 

"The  hnal  conclusions  were  that  evaporation  depends  almost  entirely 
on  the  temperature  and  the  wind,  and  has  very  little  relation  to 
humidity,  even  where  the  relative  humidity  varies  between  70  and 
95%;     *     *     * 

******* 

"The  writer  is  under  the  impression  that  the  evaporation  from  a 
water  surface  is  affected  materially  by  humidity  where  the  relative 
humidity  is  less  than  70  per  cent.     *     *     * 

"  *  *  *  that  land  gauges  give  the  same  result  as  floating  gauges, 
provided  the  temperature  of  the  water  in  the  evaporating  vessel  is 
kept  the  same  as  that  of  the  water  in  the  reservoir;  that  a  gauge  6  in. 
in  diameter  will  show  as  much  evaporation  as  one  18  in.  in  diameter; 
that  it  is  important  that  the  evaporating  vessel  be  kept  full,  so  as  to  get 
a  complete  water  exposure;    *    *    * 

"The  evaporating  vessel  was  kept  as  full  as  possible,  say,  within 
h  in.  of  the  top." 

The  conclusions  of  Mr.  Ledoux  are  of  great  interest,  and  seem  to 
show  the  preponderating  influence  on  evajwration  of  temperature  and 
the  small  influence  of  humidity,  and  thus  to  strengthen  (d)  somewhat. 
Some  of  his  conclusions  are  opposed  to  the  rather  general  beliefs  of 
other  engineers,  however,  and,  in  view  of  this,  it  is  regretted  that 
he  did  not  present  the  data  on  which  they  were  based. 

His  Fig.  31t  is  of  much  interest  as  showing  the  very  great  increase 
in  the  evaporation  depth  from  increasing  the  temperature  of  the 
water  in  the  evaporating  vessel  while  the  air  temperature  is  constant. 
However,  this,  of  course,  is  an  unnatural  condition,  as  in  Nature  the 
temperature  of  exposed  water  bodies  must  follow  that  of  the  air, 
up  and  down,  more  or  less  closely,  though  with  considerable  "drag", 
and  with  less  widely  separated  extremes  of  temperature. 

It  is  noticeable  that  the  curve  of  Fig.  31  is  of  rather  light  cur- 
vature between  temperatures  of  80  and  110°,  and  could  be  represented 
there  fairly  well  by  a  single  straight  line. 

His  conclusion  that  the  evaporation  depth  from  small  vessels  is  no 
greater  than  that  from  larger  ones  is  not  only  opposed  to  the  results 
of  Professor  Bigelow's  Salton  Sea  observations,  but  also  is  opposed  to 
the  natural  and  very  probable  influence  of  the  rim  conditions  which 

•  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  pp.  794-96. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  p.  795. 
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Messrs.  have  been  referred  to  hereinbefore,  since  the  rim  influence  necessarily 
and     must   increase  the  evaporation   depth  as  the  size  of  the  evaporating 

Haehi.  ^ggggj  decreases.  Keeping  the  vessels  filled  almost  to  their  rims,  as  he 
recommends,  of  course  will  lessen  the  influence  of  the  rim  conditions 
on  the  evaporation  depth;  but,  under  natural  exposed  conditions  (and 
especially  with  pans  floating  in  reservoirs),  it  is  hard  to  see  how  pans 
can  be  kept  so  completely  filled  without  much  risk  of  frequently 
vitiating  the  record  because  of  the  water  slopping  in  and  out  of  the 
pan  from  wind  and  from  wave  action. 

All  the  evaporation  tests  given  by  Mr.  Ledoux  appear  to  have  been 
made  in  vessels  so  small  as  to  be  outside  the  class  of  evaporation  pans 
used  for  practically  all  recorded  observations,  which  makes  his  results 
of  doubtful  applicability  for  combinations  and  comparisons  with 
evaporation  records  secured  from  the  usual  larger  pans. 
As  to  Subsidiary  Conclusion  (e),  Mr.  Grunsky  says*: 

"The  writer  believes  that  the  rate  of  evaporation  in  relation  to 
mean  monthly  temperature  increases  with  elevation  in  some  measure,  as 
shown  by  the  authors  on  Table  17.  It  is  reasonable  to  expect  this,  not 
only  because  the  temperature  at  which  water  boils  falls  with  increasing 
altitude,  but,  also,  because  the  temperature  range,  particularly  the 
diurnal  range,  ordinarily  increases  with  altitude.  According  to  the 
evaporation  law,  the  mean  monthly  rate  of  evaporation  will  be  great- 
est at  that  place  which  shows  the  greatest  temperature  fluctuations, 
because  each  degree  of  temperature  above  the  mean  produces  more 
evaporation  than  each  degree  below  the  mean. 

******* 

"Although  it  may  be  admitted  that,  for  the  same  mean  monthly 
temperature,  the  evaporation  is  greater  at  high  than  at  low  altitudes, 
the  law  of  this  increase  is  not  to  be  regarded  as  proven  by  the  data 
presented  in  the  paper,  and  Conclusion  (e)  *  *  *  should  not  be 
accepted  without  further  verification." 

Mr.  Grunsky's  suggestion  of  the  greater  evaporation  depths  caused 
by  temperatures  above  than  by  those  below  the  mean,  is  illustrated  very 
clearly  by  Fig.  Sl.f  His  statement  that  the  writers'  Subsidiary  Con- 
clusion (e)  is  not  to  be  regarded  as  proven  by  the  data  presented  by 
them  in  the  paper  seems  to  be  warranted,  especially  in  view  of  the  dis- 
cussion of  (e)  by  Mr.  Meyer,  who  points  out  that  some  of  the  differences 
of  evaporation  between  the  Texas  and  ISTew  Mexico  stations,  assumed 
by  the  writers  to  be  due  to  differences  of  elevation,  as  well  may  be 
ascribed  to  differences  in  their  probable  humidities.:}: 

Referring  to  Mr.  Meyer's  observation  that  from  Fig.  4  apparently 
there  would  be  no  evaporations  at  places  on  the  Great  Plateau  with 

*  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1916,  pp.  573,  571. 

t  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  p.  795. 

t  Proceedings,  Am.  Soc.  C.  E.,  for  February,  1916,  pp.  233-35,  244-47. 
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Altitudes  about  3  000-4  000  ft.  and  moan  temperatures  below  30°  Fahr.  Messrs. 
"  "       2  000-2  500  "      "         ''  "  "       40        "      ^"^nd^" 

"        below  1 000  ft.  "        "  "  "      45        "      "^^^i- 

This  certainly  is  a  serious  defect  in  the  diagrams,  if  their  curves 
are  assumed  as  producible  to  such  low  mean  temperatures  at  such  low 
altitudes.  However,  the  diagrams  as  publislied  are  restricted  to  lower 
limits  of  40°  and  4  800  ft.,  and  45°  and  4  000  ft.,  and  to  extremes  of  GOO 
and  5  000  ft.  altitude,  40°  and  90°  mean  temperature,  and  2  and  12  in. 
monthly  evaporation  (in  3-ft.  floating-pans)  ;  and  no  surmises  are  made 
in  Fig.  4  as  to  evaporation  depths  beyond  such  limits. 

Incidentally,  it  is  apparent  from  Table  85  that  there  are  almost  no 
mean  yearly  temperatures  (irrespective  of  altitude)  lower  than  about 
50°  Fahr.  at  any  of  the  nineteen  places  there  tabulated,  and  only  two 
places  that  low  (50°  and  48.9°);  and  even  the  January  mean  temper- 
atures are  as  low  as  40°  Fahr.  at  only  six  of  the  nineteen  places.  Of 
course,  there  must  be  some  evaporation  at  40°  and  even  at  still  lower 
temperatures ;  but  it  must  be  small  and  of  little  importance  as  affecting 
the  total  yearly  quantity. 

However,  Mr.  Meyer's  discussion  does  throw  some  doubt  on  the 
influence  of  altitude  in  itself  (apart  from  humidity,  etc.)  on  evapora- 
tion depth,  and  the  writers  cannot  but  assent  to  his  conclusion,  that* : 

"*  *  *  records  of  relative  humidity  and  wind  velocity,  combined 
with  records  of  temperature,  afford  a  far  more  accurate  and  reliable 
basis  for  estimating  evaporation  from  reservoirs  than  Fig.  4." 

They  still  believe,  however,  that  altitude  should  be  included  as  one  of 
the  elements  influencing  evaporation. 

Mr.  Comstock,  though  dissenting  from  the  writers'  Subsidiary 
Conclusion  (e),  seems  to  assent  to  their  claim  that  evaporation  depth 
increases  in  some  manner  with  increases  of  elevation  above  sea  level. 
In  discussing  (e),  he  saysf : 

"*  •»  *  Professor  Bigelow's  failure  to  find  a  barometric  term 
[in  his  equation  for  evaporation  depth]  *  *  *  is  at  variance  with 
experience  and  experiment. 

''In  1789,  H.  B.  de  Saussure  made  comparative  observations 
*  *  *  from  which  he  concluded  that,  'other  things  being  equal,  a 
lowering  of  the  pressure  of  the  air  by  approximately  a  third  makes 
the  quantity  of  evaporation  more  than  twice  as  great'. 

"Numerous  laboratory  experiments  have  shown  beyond  question 
that  the  air  opposes  a  mechanical  obstacle  to  the  escape  of  liquid 
particles  in  the  form  of  vapor,  and  that  this  obstacle  is  greater  at 
high  than  at  low  pressures.:}:  It  has  been  usual  to  introduce  the 
barometric  pressure  in  such  a  way  as  to  make  the  rate  of  evaporation 
inversely  proportional  to  the  pressure.     This  is  arbitrary,  and,  althougli 

*  Proceedings,  Am.  Soc.  C.  E.,  for  February,  1916,  p.  246. 
t  Proceedings,  Am.  Soc.  C.  B.,  for  March,  1916,  p.  400. 
t  Hence  greater  at  low  than  at  high  altitudes. 
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Messrs.  perhaps  sufficient  to  cover  all  natural  conditions,  is  certainly  not 
^aiuf '^^  correct,  as  it  would  result  in  an  infinite  rate  of  evaporation  in  a 
Haehi.  vacuum,  no  matter  what  the  temperature.  However,  if  it  is  even 
approximately  correct,  the  relation  sought  by  the  authors  between 
evaporation  and  altitude  above  sea  level  must  be  very  complex,  be- 
cause it  contains  implicitly  the  relation  between  altitude  and  baro- 
metric pressure. 

"The  authors  have  not  established  any  explicit  relation  between 
altitude  (or  barometric  pressure)  and  evaporation,  but  have  put 
forward  a  double  relation  involving  altitude,  monthly  mean  tem- 
perature, and  evaporation.  Since,  for  reasons  already  given,  the 
temperature-evaporation  relation  must  be  rejected,  the  altitude- 
temperature-evaporation  relation  falls  with  it." 

Mr.  Comstock's  reference  to  Conclusion  (e),  as  being  "clouded 
by  tbe  intimate  admixture  of  the  assumed  evaporation-temperature 
relation  *  *  *  by  a  double  relation  involving  altitude,  monthly 
mean  temperature,  and  evaporation",  hardly  seems  justified.  Irre- 
spective of  the  validity  of  (e),  it  is  apparent  from  an  inspection  of 
Diagram  (6),  Fig.  4,  that  especial  care  was  taken  to  keep  the  supposed 
independent  influences  of  elevation  and  of  temperature  separated 
and  simplified,  by  showing  the  separate  effects  of  altitude  at  many 
different  temperatures.  After  considerable  thought,  no  better  way 
could  be  devised  to  do  this  than  by  Diagram  (&)  of  Fig.  4. 

In  final  comment  on  Subsidiary  Conclusions  (d)  and  (e),  it  is 
felt  by  the  writers  that  they  still  may  be  regarded  as  at  least  first 
■  approximate  expressions  of  probable  general  relations — even  though, 
in  the  discussions,  some  valid  and  important  objections  to  (d)  and  (e), 
and  to  their  underlying  data  and  methods,  have  been  raised.  It  is 
admitted  that,  as  yet,  (d)  and  (e)  are  open  to  more  or  less  question, 
and  that  more  extended  and  more  accurate  data  are  desirable;  but, 
notwithstanding  the  admitted  faults  and  doubts,  it  is  felt  that  the 
amenability  of  evaporation-temperature-elevation  data  to  expression  in 
such  diagrams  as  Figs.  4  and  13  (Texas  and  New  Mexico  data),  Figs. 
17  and  18*  (San  Diego  data),  and  Fig.  16t  (North  Dakota  data,  one 
elevation  only),  in  conjunction  with  some  of  the  various  opinions 
quoted,  make  Subsidiary  Conclusions  (d)  and  (e)  still  worthy  of 
further  consideration  and  investigation. 

There  remain  for  consideration  various  minor  points  mentioned  in 
the  discussions;  and  the  discussions  relating  to  the  Principal  Con- 
clusion of  the  paper,  the  probable  yearly  evaporation  depth  from 
Lake  Conchos. 

The  data  of  evaporation  near  Morelia,  Michoacan,  Mexico,  furnished 
by  Mr.   Mathewson:}:,  are  of  much  interest  as  a  check  on  the  appli- 

•  Proceedings,  Am.  Soc.  C.  B.,  for  December,  1915,  pp.  2692,  2696. 
tibid.,  p.  2690. 
t  Ibid,  pp.  2687-88. 
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cability  of  Fig.  4.     From  and  through  Mr.  Mathewson,  the  following  Messrs. 
additional  data   were  furnished  to   the  writers:  aiuf* 

"The  rain  gauge  at  Morelia  had  a  diameter  of  0.226  m.  (8.90  in.). 
I  am  under  the  impression  that  the  evaporimeter  (evaporating  vessel) 
was  of  that  diameter,  but  am  not  sure.  Only  one  evaporimeter  was 
used,  a  land  one  located  at  Morelia  with  its  bottom  and  sides  protected 
by  earth  and  sod;  and  the  evaporation  record  secured  from  it  was  from 
May,  1908,  to  May,  1912,  a  period  of  4  years. 

"We  observed  the  farm  reservoir  about  a  month  and  a  half,  at  a 
time  of  5'ear  when  evaporation  was  high,  near  the  end  of  the  dry 
season  of  1911,  I  think  in  April  and  May.  During  that  period  the 
evaporation  from  the  farm  reservoir  was  only  52%  of  the  coincident 
evaporation  from  the  land  evaporimeter  at  Morelia.  However,  the 
52%  obtained  was  applied  to  the  evaporimeter  data  of  a  drier  year, 
1909,  the  year  of  highest  observed  evaporation.  We  used  no  other 
data  in  arriving  at  a  value  for  evaporation  depth  from  reservoirs". 

TABLE  92. — Observed  Mean  Monthly  Temperatures  Outside  of 
BoTELLO  Power-house  (Altitude  about  6  560  ft.)  near  Morelia, 
MiCHOACAN,  Mexico,  for  1915;  Also,  Corresponding  Monthly 
Evaporation  Depths  from  Diagram   (h),  Fig.  4. 


Month  of  year  191.5. 

(Observed  mean  temperature, 
in  degrees,  Fahrenheit. 

Corresponding:  monthly 

evaporation  from  .3-ft. 

floatin?-pans  (as  read 

from  Diagram  (6), 

(Fig.  4),  in  inches. 

January  

*  55.2 
55.8 
60.0 
65.1 
71.4 
71.0 
67.8 
66.5 
64.5 
59.0 
57.8 
54.8 

7.37 

7.. 50 

8  38 

April 

9.48 

May 

10.43 

10.35 

July . 

9  80 

August 

9.62 

9.19 

October 

8  17 

7  92 

7  28 

Sum 

748.9 
62.4 

8.80  in.  per  month. 

*  January,  1916  =  57.4°  F^hr. 

Observed  mean  monthly  temperatures  outside  of  the  Botello  power- 
house ("about  4  miles  from  the  farm  reservoir  observed  and  a  long 
day's  horse-back  ride  from  Morelia")  were  furnished  through  the 
kindness  of  Mr.  Mathewson  (see  Table  92).  He  states  that  as  be- 
tween Morelia  and  the  power-house  "there  is  little  if  any  difference 
in  altitude  (about  2  000  m.  or  6  560  ft.  above  sea  level)  or  in  climate, 
and  other  conditions  are  similar".  To  Table  92,  for  use  hereinafter, 
are    added    the    monthly    evaporation    depths    corresponding    to    its 


1456        DISCUSSION  :  EVAPOKATION  FKOM  lake  CONCHOS,  MEX.  [Papers. 

Messrs.  monthly  mean  temperatures,  as  read  off  from  the  original  larger 
and  scale  drawing  of  Diagram  (h),  Fig.  4,  extended  by  straight  lines  to 
"^^^^-  altitude  6  560  ft. 

The  conclusion  arrived  at  by  the  engineers  of  the  Botello  power- 
house was  that  the  evaporation  depth  from  their  reservoirs  would  have 
been  1.72  m.  =  5.64  ft.  =  67.7  in.  for  1909,  the  year  of  greatest 
evaporation  among  the  4  years  observed  by  the  evaiDorimeter  at 
Morelia. 

Morelia  (not  far  from  the  proposed  reservoirs)  is  near  the  southern 
end  of  the  Great  Plateau,  about  600  miles  in  an  air  line  from  La 
Boquilla. 

From  Table  92  and  Fig.  4,  the  probable  evaporation  depths  at 
the  Botello  power-house  in  1915  should  have  been  (from  3-ft.  floating- 
pans)  about  105.5  in.  for  the  year,  or  an  average  of  about  8.80  in. 
per  month.  As  a  check,  from  Fig.  4  the  evaporation  depth  at  altitude 
6  560  ft.,  for  a  mean  temperature  of  62.4°  Fahr.  (the  altitude  and 
mean  temperature  at  the  Botello  power-house),  is  8.88  in.  per  month, 
or  about  106.6  in.  per  year. 

The  value  of,  say,  106  in.  per  year,  multiplied  by  the  0.62  adopted 
by  the  writers  as  Subsidiary  Conclusion  (c),  gives  a  corresponding 
evaporation  depth  from  reservoirs  near  Morelia,  Mexico,  for  1915,  as 
65.7  in.,  as  compared  with  the  67.7  in.  adopted  there  by  the  engineers 
from  local  observations  of  evaporation,  and  for  1909,  stated  to  have 
been  the  year  of  greatest  evaporation  in  the  4  years,  1908-11,  which 
were  observed  (and  perhaps  greater  in  evaporation  than  1915). 

Of  course,  the  apparently  close  check  (of  65.7  in.  for  1915  with  the 
67.7  in.  adopted  for  1909)  may  be  merely  accidental,  but,  at  the 
least,  it  does  not  weaken  the  writers'  statement  in  the  paper,  that, 
in  general,  fair  approximations  to  evaporation  depths  at  places  on 
the  Great  Plateau  may  be  read  off  directly  from  Fig.  4,  without  other 
data  than  mean  temperatures  and  altitudes. 

Mr.  Mathewson  seems  to  agree  with  the  writers'  belief  as  to  "the 
almost  complete  absence  of  meteorological  data  in  Chihuahua".  Mr. 
Ilorton  calls  attention  to  many  evaporation  data  there  and  elsewhere 
in  Mexico,*  and  is  to  be  congratulated  on  his  knowledge  of  and 
possession  of  such  little  known  data.  Their  existence  was  unknown 
to  some  well-known  engineers  who  had  done  important  hydraulic  work 
in  Mexico,  and  of  whom  the  writers  inquired,  and  is  believed  to  have 
been  unknown  to  most  American  engineers. 

However,  since  the  evaporation  pans  used  for  these  Mexican 
observations  were  only  8.86  in.  in  diameter  and  only  4  in.  deep,  and 
were  on  the  roofs  of  houses  and  in  corridors,  it  is  not  felt  that 
these  data  are  of  much  value  to  engineers  as  showing  absolute  depths 

*  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  pp.  792-93. 
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of  evaporation,  or  in  any  except  comparative  ways,  such  as  those  Messrs. 
mentioned  by  Mr.  Mathewson  and  by  Mr.  Ledoux.*  It  is  felt  that  and 
observations  conducted  with  such  care,  in  pans  so  small  and  so  far 
outside  the  range  of  sizes  used  almost  universally  for  observations  of 
evaporation,  show  much  wasted  effort,  though,  of  course,  they  are  of 
some  value  for  comparative  purposes,  when  data  from  larger  pans,  of 
usual  size,  are  not  in  existence. 

Mr.  Mathewson's  determination  of  the  evaporation  depth  from  the 
farm  reservoir  as  62%  of  that  from  the  small  land  evaporimeter  is  of 
little  interest,  aside  from  the  local  use  made  by  him.  If  Subsidiary 
Conclusion  (h)  should  hold  true  for  such  small  vessels,  which  is  very 
doubtful,  then  the  evaporation  depth  from  the  farm  reservoir  was 
(52  -^  0.80)  =  65%  of  that  from  an  8.9-in.  evaporimeter  floating  on 
it.  However,  no  confidence  is  felt  in  the  applicability  of  (&)  to 
such  small  vessels,  so  far  outside  the  range  of  sizes  usually  observed. 

Mr.  Chandler's  data  and  discussion  of  observed  pan  evaporations 
in  North  Dakotaf;  Mr.  Follansbee's  evaporation  data  in  Oklahoma:}:; 
Mr.  L.  R.  Jorgensen's  conchision  as  to  the  evaporation  depth  from 
Silver  Lake,  Mono  County,  California,  as  54  in.  per  year§ ;  and  Mr. 
Hegly's  data  of  evaporation  in  Northern  Africa  and  in  FranceH, 
are  all  of  much  interest  and  value,  as  easily  accessible  data  of  evapora- 
tion are  rather  meager. 

Mr.  Meyer  presents  interesting  and  valuable  matter  relating  to 
Piche  evaporimeter  observations,  and  to  Russell's  formula  and 
evaporation  table,  etc.^  Figs.  23  to  25  compare  the  Russell  and 
Duryea-Haehl  curves  of  monthly  evaporation  and  mean  temperature, 
and  show  them  to  disagree  more  or  less  with  each  other,  as  mentioned 
by  him;  but  still  show  a  rough  general  agreement  in  form,  both  being 
usually  of  light  curvature,  approximately  parallel  to  each  other,  and 
not  greatly  removed  from  each  other  in  values.  Also,  some  of  these 
curves  are  for  places  not  on  the  Great  Plateau. 

Plate  III,**  showing  contours  of  elevations  and  values  of  relative 
humidities  for  many  places  on  the  Great  Plateau,  is  of  much  value, 
as  is  his  pointing  out  the  excessive  humidity  of  Pike's  Peak,  com- 
pared with  that  of  Fort  Grant,  about  9  000  ft.  lower  in  altitude,  etc. 

Mr.  Comstock's  discussion  of  the  Bigelow  formula  and  of  the 
probable  effect  of  winds  on  the  vapor  blanketff  is  of  much  interest, 
especially  his  quotations  from  the  writings  of  Professors  S.  P.  Langley 

•  Ibid,  pp.  794-96. 
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t  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1916,  pp.  162-63. 

§  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1916,  pp.  163-64. 

II  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  pp.  787-90. 

H  Proceedings,  Am.  Soc.  C.  E.,  for  February,  1916,  pp.  233-47. 
•*  Proceedings,  Am.  Soc.  C.  E.,  for  February,  1916,  p.  246. 
ft  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1916,  pp.  383-89,  396-98. 
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Messrs.  and  Cleveland  Abbe.     Mr.  Comstock  is  in  error,  however,  in  assuming 

and^^  that  the  writers  made  any  use  of,  or  gave  any  consideration  to,  the 

Haehi.  j^iggiow  formula,  other  than  by  accepting  his  relative  values  of  the 

coefficient,  (7,  (apparently  the  principal  and  controlling  factor  of  the 

formula,  for  the  uses  made  of  it  by  the  writers)  ;   and  those  values 

are  believed  to   be  based  on   local   experimental   observations   of   the 

evaporation  depths,  rather  than  on  theory. 

Mr.  Horton  states*: 

"In.  this  paper  the  specific  result  [the  yearly  evaporation  depth 
from  Lake  Conchos]  seems  first  to  have  been  arrived  at  by  guesswork. 
The  authors,  by  repeatedly  calling  attention  to  this  guess,  as  if  it 
in  reality  was  of  some  value  as  corroborating  their  results,  have, 
unfortunately,  and  no  doubt  unintentionally,  created  the  appearance 
that  their  investigation  was  for  the  purpose  of  corroborating  the 
original  guess.  *  *  *  it  seems  preferable  to  avoid  if  possible  pre- 
influencing  the  mind  by  having  any  fixed  figure  set  up  in  advance." 

The  writers  regret  that  Mr.  Horton  should  have  gained  that  im- 
pression, for,  as  a  matter  of  fact,  they  had  no  preconceived  ideas  as 
to  the  evaporation  depth  from  Lake  Conchos,  and  no  choice  between 
the  value  of  55  in.  of  Mr.  Freeman  and  that  of  83  in.  of  Mr.  Stearns, 
until  their  own  first  value  of  52.5  in.  (Method  A)  was  arrived  at  early 
in  March,  1914,  to  be  confirmed  before  the  end  of  that  month  by  the 
short-time  evaporation  tests  at  Lake  Conchos  entering  into  Methods 
B  and  C,  and  in  August  by  the  results  of  the  longer-time  local  evapora- 
tion tests. 

It  is  of  interest  here  to  explain  how  Mr.  Freeman  arrived  at  his 
value  of  55  in.  in  1911,  as  stated  by  him  in  a  letter  of  November 
19th,  1914: 

"With  reference  to  the  evaporation  from  Lake  Conchos:  My  judg- 
ment was  not  based  on  experiments  for  the  Medina  Reservoir,  Texas, 
as  I  note  you  infer ;  but  really  was  based  on  the  elaborate  investigations 
that  I  made  near  Prattville,  Cal.,  in  1907,  in  connection  with  my 
studies  of  the  Great  Western  Power  project.  At  that  time  I  main- 
tained for  upward  of  6  months  what  was  probably  one  of  the  very  best 
meteorological  observatories  on  the  Pacific  Coast.  I  had  among  other 
instruments  a  recording  hygrometer  which  we  checked  up  three  times 
daily  with  .a  sling  psychrometer ;  and  had  also  an  evaporating  tank 
carefully  constructed  in  the  midst  of  a  pond,  on  which  (after  first 
noting  the  small  evaporation  at  night)  I  had  for  a  week  or  two 
continuous  observations  made  throughout  the  24  hours. 

"My  recording  hygrometer  (which  was  carefully  checked)  showed 
that  very  soon  after  dark  the  relative  hiimidity  came  down  close  to 
the  dew  point  and  staid  there  until  sunrise,  thus  completely  checking 
evaporation. 

"I  noted  at  La  Boquilla  (Lake  Conchos),  during  my  2  weeks  on 
the  ground,  a  somewhat  similar  chilling  of  the  air  at  night.     I  also 

*  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  p.  794. 
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had   in   mind   the   Salton    Sea   experiments,   showing   the   progressive  Messrs. 
diminution  of  evaporation  over  a  large  pond  area,  as  compared  with  '^^^gjfff* 
a   good   tank   on   sliore.      Moreover,   I   have   noted   in   Arizona    while  Haehi. 
driving   by    irrigated   and   non-irrigated   lands    at   night,    the    distinct 
difference  in  the  feeling  of  the  air  on  the  leeward  side  as  one  passed 
a    freshly    irrigated   tract;    which    helped    confirm    me    in    the   belief 
(first  started  by  observations  on  the  windward  and  leeward  sides  of 
the  pond   at   Prattville,   Cal.)    that   after   the   air   has   had   its   thirst 
partly  appeased,  it  drinks  up  water  less  rapidly". 

It  appears  to  the  writers  that  a  value  of  evaporation  depth  arrived 
at  by  the  judgment  of  an  able  engineer,  of  wide  experience  in  that 
subject  in  similar  regions,  and  after  2  weeks'  observance  of  local 
conditions,  is  worthy  of  a  better  term  than  that  of  "guess"  applied 
to  it  by  Mr.  Horton,  even  though  Mr.  Freeman's  judgment  was  not 
aided  by  local  tests  of  evaporation ;  and  the  writers  do  consider  that 
the  close  agreement  of  his  value  with  their  own  adds  some  corrobo- 
rative weight  to  the  latter. 

As  to  "repeatedly  calling  attention  to  this  guess";  Mr.  Freeman's 
value  is  mentioned  but  twice  in  the  paper,  once  on  page  1735*,  in 
connection  with  Mr.  Stearns'  value,  and  again  on  page  1738*,  in 
connection  with  the  writers'. 

Mr.  Hegly's  Table  77t  is  of  much  interest  as  showing  the  com- 
paratively uniform  distribution  of  yearly  evaporations  among  the  12 
months,  even  for  two  such  widely  separated  places  (Lake  Conchos, 
Mexico,  and  Aries,  France)  with  presumably  greatly  differing  climates. 
The  same  nearly  uniform  monthly  distribution  of  evaporation  is 
evident  in  Mr.  Post's  Table  62:]:  (monthly  distribution  in  Sweetwater 
Reservoir  and  in  four  pans,  all  near  San  Diego,  Cal.) ;  in  the  writers' 
Table  20§  (Piche  evaporimeter  records  at  eleven  places  and  pan 
records  at  five  places,  all  in  Texas  and  New  Mexico),  and  is  best 
shown  in  a  general  comparative  table — Table  93. 

To  show  the  comparatively  small  differences  at  the  different 
localities.  Table  93  may  be  summarized  as  given  in  Table  94. 

The  departures  from  the  means  at  the  ten  places  included 
in  Table  93  average  +  2.8  and  —  2.5%,  with  extremes  for  the 
separate  months  of  -\-  (5.2  to  1.6)%  and  —  (1.5  to  4.0)  per  cent. 
These  values  of  departures  seem  small  in  themselves,  but  are  of 
considerable  magnitude  in  comparison  with  the  average  monthly 
percentage  of  8.3. 

The  ten  localities  were  chosen  at  random,  merely  because  for 
them  the  monthly  percentages  were  available  quickly  and  easily. 
Though  the  monthly   percentage  values   at  the  ten   places   are  quite 

*  Proceedings,  Am.  Soc.  C.  E.,  for  September,  1915. 

t  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  p.  790. 

t  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  p.  2703. 

§  Proceedings,  Am.  Soc.  C.  E.,  for  September,  1915,  p.  1762. 


14G0         DISCUSSION  :  evaporation  from  lake  CONCHOS,  MEX.   [Papers. 


Messrs. 
Duryea 

and       ^^    ^^^^^ 
Haehl.    s^5_i:;2,an  c© 


^J  "^  O  tS  O 'T3  ^J  *T3 
-iPoSO^-i-i 

<»  "."a  s  ■a  m  «  <n 
S  5  c  S  sg  ;5  2 

S-'".  m  ^.  2  S-  s-  s- 
S  en  p,  S  ^.'^  ~  S 


.     ..^   Oi   O    Oi    -      .      ^^ 
•    "5^  5' °^  S'  M  ,.- • 


H 


^gBcoBow° 

c,     .       to  _  o-O  ro 

CD  CD  H  J  H  ^-    2 
o;    cr-    coH"- 

"■  D">a  -  "o  p  >-5 

w05 


P  05M- 
(!)  ^OJ-q 
OS'S  •     Jo 


'< 

►t»a*^'-iozocc 

> 

■-^^ 

2 

(t 

•OpCCgcDOOiJ 

d  P  c  ij,- 

o 

p 

T 

^•^S'^ 

: 

■    -T  ffl  T  2-  ^  ®  3 

C 
m 

I 

cr 

:  :  :  :  !^  r* :  £? 

l-i  i-i  ^v-i 

«  5-     o  hi 

o 

CO  -I  ai  *^  *.  W  -I  --o 
1  '■ii.iii^bbo""'"-'^*. 

91 

3 

o 

CO 

05 

b 

en 

en 

■  '  r-y  n> 

l-t  k_*   l-l  l-L 

*-i 

^ 

oo<imrf^»fc.»5occo 

►^  toi—o 

o 

m" 

_o 

f' 

OI 

t«  D  W  CC  O 

0  p  p 

0   05   C 

■     0=5 

b 

il^ 

b 

a: 

1     -iVo  =D  CO  to'oDU»  CO 

OS  is  CO  » 

1  '— oDOoio 

<i  3  ^ 

_  O  '^S 

o 

>»■ 

en 

£ 

^12 -a  f^ 

n 

o 

00 

^  (a 

CO  d- 

B 

r 

b 

b 

I^B 

k! 

1    >i -J  en  or  *.  *^  c  to 

1   oco  m  to 

P  Mi  cr3<j  B  B  S  ;?  f 

'    B              ►!             "J^ 

8 

b 

1   b  b  b  b  b  b  b  b 

§ 
b 

1 bbbbo 

P 
b 

iT 

0 

H 
0 

1    O>_tn_»0_>-'Nl*._-JM 

^oscoto 

C5     cr.-. 

^ 

I   osbb oico co<icR 

1   <!  i».  en  '-I 

1^ 

s 

p^s 

% 

8 

4^ 
JO 

en 

U%^ 

3> 

3 

b 

'<! 

CO 

P         P   !B 
"1     ' 

'—^                          ^— V 

.  D             '          P 

0 

i 

b 

1 bbbbbbbb 
b 

bbbbvB 
b 

s 

0 

„^ 

^^^ 

P  '  2  te  tT 

_05  iti  CO  ife.  _*. -}  O  CO 

pj  *.  i-i  00 

9 

1 

1 bbbbbbbb 
en 

1  bbbb--o 
P 

•J 

c- 

b 

b 

b 

< 

— s 

8 

1  ptoMNieop'OojS 
1  VobQo'it>.cnbo'-<i'--j 

en  en  CO  CO 
en 

» 

p  tn       Q 
."III 

I 

0 

O 

^ 

CO 

• 

0 

o  en  CO  CO  CO  CO  *. -^ 

CO  03  en  CO 

««5 

m 

io  V-"  ia  -J  b  en  b  b 

1   bo'*.  CO  b  _^ 

^>., 

«  3.t-< 

» 

t-. 

-o 

_^ 

§ 

fc 

^ 

^^ 

b 

en 

en 

P- 

. 

1    _  — _-i 

O    S" 

-i_co_— _N>_l-'^^^b.p 

CnGC«505 

1   >-' boo  en  bo  en  en  CO 

1   benbbo  ^ 

o 

8 

IS 

P 

b 

■-' 

b 

pr 

•^  ct  »^B 

-joseototocooico 

*'-QI»i-' 

,_, 

j_^ 

1  b'<iQDbbbo^'cn 

1  co'-ico*.^ 

^ 

o 

>u 

en 

CO 

OS 

aT  '       a> 

b 

b 

- 

m 

^ 

^^f_iHJ. 

<^2 

•Oil'_COCOC«*>.-JO 

*.  en  CO  1-1 

-^  ^  X-(B 

o 

1   tooicncoco-^V-oc 

bbbob^5 
en 

M 

"?3  "^ 

o 

05 

CO 

•  050 

b 

Vo 

00 

w 

"" 

^   5 


Papers.]  DISCUSSION  :  EVAPORATION  I'ltOM  LAKE  CONCIIOS,  MEX.         1461 


TABLE  9-J:.— Mean  of  Monthly  Percentages  of  Ye.m{ly  Ev.\por.\tion  MosBrs. 
Depth  at  Ten  Localities,  with  Maximum  Departures  from  Mean.        amf^ 

HaehL 


Month. 

Mean  of  monthly 
percentages. 

Maximum  departures  from  mean. 

May 

11.0 
13.8 
15.0 
14.0              53.8% 

10.8 
7.1 
4.7 
3.3 
3.3 
3.5 
5.6 
7.9               46.20fe 

+  2.80/0                       and  —  3.0% 
4-  5.8                            and  —  2.8 

July 

+  3.5                          and  -  2.8 

--  3.7          +  13.1%  aud  —  4.0        —  8.2% 

September 

4-  3.2                            and  —  2.9 

October 

-I-  2.9                            and  —  2.6 

f  2.3                            and  —  2.2 

+  1.6                          and  —  1.0 

January 

+  1.7                            and  —  1.7 

February  

-f  2.1                            and  —  1.7 

+  1.8                            and  —  2.0 

-1-  3.1          +    8.20&    and  -  2.3       -  13.1o/o 

April 

Sums  and  Means 

(8.3)              100.% 

+  2.8%     (+    1.80/6)  and  -  2.50/0  (-    I.80/0) 

uniform  in  a  general  way,  and  are  most  of  them  within  rather  narrow 
ranges,  still  in  some  instances  they  vary  too  much  to  permit  the  safe 
use  of  any  general  uniform  values  of  monthly  percentages. 

Mr.  Hegly's  explanation  of  a  greater  proportion  of  the  yearly 
evaporation  occurring  during  the  summer  at  Aries  than  at  Lake 
Conchos*  (because  of  the  hotter  and  dryer  summers  at  Aries)  is 
interesting  and  probably  true;  since  at  Lake  Conchos  the  rainy  season, 
with  its  more  humid  conditions,  occurs  during  the  summer. 

Mr.  Hawgood's  short  discussionf  is  of  much  importance  as  calling 
attention  to  the  Baldwin  Latham  experiments,  showing  the  very  great 
influence  on  the  depths  of  pan  evaporations  of  various  elements  (such 
as  painted  or  unpainted  pans,  different  colors  with  which  the  pans 
may  be  painted,  etc.,  etc.)  hardly  ever  recorded  in  the  notes  of 
evaporation  tests.  As  bearing  on  such  omissions,  not  only  are  all 
such  data  of  painting,  color,  material  of  pan,  etc.,  practically  always 
omitted  from  the  published  data  of  pan  evaporations,  but  it  is 
exceptional  when  even  the  depth  of  the  pan  and  of  its  water  are 
mentioned,  and  not  at  all  unusual  to  find  omitted  the  size  of  the 
pan,  whether  land  or  floating,  etc.  Many  such  omissions  occurred 
in  the  published  Texas  and  New  Mexico  evaporation  data  used  by 
the  writers  in  this  problem;  and  but  few  of  them  could  be  supplied, 
even  by  considerable  time  and  effort  in  correspondence.  Probably 
most  engineers  who  have  dealt  with  evaporation  problems  have  been 
impressed  with  both  the  general  scarcity  and  the  incompleteness  of 
the  published  data. 

•  See  Table  93,  Columns  (1)  and  (11). 

t  Proceedings,  Am.  Soc.  C.  E.,  for  February,  1916,  pp.  247-49. 


1462        DISCUSSION  :  EVAPOKATION  FEOM  lake  CONCHOS,  MEX.  [Papers. 


Haehl. 


Messrs.        As  stated  by  Mr.  Hawgood,  there  are  many  uncertainties  in  relative 
and     measurements   of  evaporations   from   pans   and  from   reservoirs;    and 
the  utmost  the  writers  ever  have  hoped  for  is  the  consideration  of 
"their    results    and    conclusions    as    a    reasonable    basis    for    reliable 
estimations",  as  stated  by  Mr.  Hawgood. 

As  intimated  already  by  the  writers,  they  do  not  believe  that  any 
very  useful  results,  of  much  practical  value  to  engineers,  can  be 
attained  by  attempts  to  establish  a  "scientific  formula"  for  evaporation 
depths,  by  wliich  (from  substitutions  of  the  supposed  evaporation 
effects  of  the  various  elements  of  a  climate)  reliable  evaporation  depths 
from  reservoirs  may  be  estimated  synthetically. 

Instead,  they  believe  that  useful  advance  in  the  estimation  of 
evaporation  losses  is  more  likely  to  be  in  the  direction  of  establishing 
gradually,  in  various  scattered  localities,  an  increasing  number  of 
fairly  well  founded  values  of  evaporations  from  reservoirs  them- 
selves, from  which  (as  a  sort  of  primary  network)  evaporation  values 
for  contemplated  intermediate  reservoirs  may  be  estimated  by  modi- 
fication, by  making  comparative  pan  tests  with  the  nearest  primary 
reservoirs  (supposedly  under  more  or  less  similar  climatic  conditions), 
and  working  up  the  results  of  such  pan  comparisons  by  empirical 
and  graphical  methods,  somewhat  similar  to  those  used  by  the  writers 
in  this  paper. 

TABLE    95. — Measured    Yearly    Eeservoik    Evaporations    near 
San  Diego,  Cal. 


Reservoir. 

Years'  Evaporation,  in  Inches,  for: 

Means, 

1910. 

1911. 

1912. 

1913. 

1914. 

1915. 

inches. 

*  Sweetwater  (5  ypars) 

59.5 

63.3 

57.5 
56.2 

57.8 
38.9 
61.1 

45.8 
67.0 
67.5 

"68!4" 
58.2 

56.8 

57.6 

62.3 

Means  

53.5 

63.3 

56.85 

52.6     '     60.1 

63.3 

(58.9) 
59.3 

*  From  Table  56  (p.  2699),  Proceedings,  Am.  See.  C.  E.,  for  December,  1915. 
t  See  explanation  following  Table. 

t  From  Table  75  (p.  581),  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1916. 

As  a  beginning  in  the  establishment  of  such  a  primary  network 
of  reasonably  reliable  values  of  evaporation  from  reservoirs  them- 
selves, it  is  believed  that  the  data  of  measured  reservoir  evaporations 
in  the  vicinity  of  San  Diego,  Cal.,  contributed  by  Mr.  Post*  and  Mr. 
Whitneyf  are  of  great  and  permanent  value  to  engineers. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  pp.  2691-2703. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1916,  pp.  575-82. 


Papers.]  DISCUSSION  :  KVAPOEATION  FROM  LAKE  CONCHOS,  MEX.         1463 

As  mentioned  by  Mr.  Hawgood,*  measured  evaporations  from  Messrs. 
nearly  all  reservoirs  are  subject  to  the  risk  of  more  or  less  error  and 
because  of  the  possibility  of  the  loss  of  material  quantities  of  the  water 
by  absorption  and  seepage;  and  it  is  realized  that  the  San  Diego  data 
of  Messrs.  Post  and  Whitney  are  not  without  possibilities  of  such 
inaccuracies,  and  that,  as  presented,  they  include  necessarily  some 
assumptions  and  deductions.  It  is  felt,  however,  that  notwith- 
standing such  possible  inaccuracies,  they  will  furnish  by  proper 
treatment  a  value  for  reservoir  evaporation  near  San  Diego,  which 
may  be  regarded  as  fairly  reliable  and  approximately  correct. 

All  the  measured  yearly  evaporation  depths  from  reservoirs  near 
San  Diego,  Cal.,  are  summarized  in  Table  95. 

At  the  Cuyamaca  Reservoir,  reservoir  evaporations,  were  measured 
as  follows: 

Year  f  1912.  ..  .June  to  September,  inclusive  (4  months)  =  28.12  in. 

"  1913.... May  "  "  "  (5         "     )  =  23.73    " 

"  1914.... March  "  "  "  (7         "      )=  48.84    '' 

"  1915 June  "  "  "  (4         "      )  =  34.22    " 

From  Tables  56  and  62,:}:  the  monthly  distribution  of  the  yearly 
evaporation  depth  was  as  follows  at  the  near-by  Sweetwater  Reservoir : 

March    5% 

April    7 

May   11 

June 12 

July   15 

August    13 

September    10     73% 

October   9 

November  5 

December    4 

January    4 

February 5 

Year    100% 

and  differed  but  little  from  the  monthly  distributions  at  four  evapora- 
tion pans  in  the  vicinity. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  February,  1916,  p.  247. 

t  From  Table  54  (p.  2697),  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915. 

%  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  pp.  2699  and  2703. 
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Messrs.  Assuming  the  same  monthly  distributions  at  the  Cuyamaca  Reser- 
and  voir  as  at  the  Sweetwater,  the  corresponding  probable  yearly  depths  of 
^^    '  evaporation  at  the  Cuyamaca  would  be  as  follows : 

Measured.  Year  (deduced). 

1912—4  months,  June  to  September,  inclusive  =  28.12  in.  -=-  0.50  =  56.2  in. 

1918—5  months.  May   to   September,  inclusive  =  23.7::i  in.  h-  0.61  =  38.9  in. 

1914— 7  montlis,  March  to  September,  inclusive  —  48.84  in.  -f-  0.73  =  67.0  in. 

1915—4  months,  June  to  September,  inclusive  =  34.22  in.  -^  0.50  =  68.4  in. 

Mean  yearly =         57.6  in. 

"  Weighted  "  mean  yearly =         58.4  in. 

If  the  "mean"  values  of  Table  95  are  weighted  for  the  numbers  of 
years  (Sweetwater,  5  years,  Cuyamaca,  4  years,  and  Upper  Otay,  3 
years),  or  for  the  numbers  of  reservoirs  (1  for  1910,  1  for  1911,  2  for 
1912,  3  each  for  1913  and  1914,  and  2  for  1915),  then  such  weighted 
mean  value  is  58.4  in.  with  a  "weight"  of  12  reservoir-years. 

Table  95  includes  values  of  yearly  evaporation  depth  for  6  different 
years;  and  at  three  separate  reservoirs,  which  (even  though  all  near 
San  Diego)  differ  from  each  other  considerably  in  altitude  and  in  loca- 
tion, and  probably  more  or  less  in  evaporation  conditions.  The  alti- 
tudes of  the  three  reservoirs  are  about  as  follows :  Sweetwater  200  ft. 
above  sea  level,  Upper  Otay  500  ft.,  and  Cuyamaca  4  600  ft. ;  their 
distances  from  the  Pacific  Coast  are  about  as  follows:  Sweetwater  9 
miles,  Upper  Otay  12  miles,  and  Cuyamaca  40  miles.  Cuyamaca  is 
about  32  miles  from  Sweetwater  and  about  31  miles  from  Upper  Otay, 
and  Sweetwater  is  about  6  miles  from  Upper  Otay,  and  all  the  inter- 
vening lands  are  quite  rough  and  mountainous. 

Because  of  the  three  different  reservoirs  and  the  six  different  years, 
and  because  each  of  the  12  values  of  Table  95  may  be  the  correct 
measure  of  a  year's  evaporation  depth  for  its  own  place  and  year,  the 
values  of  that  table  are  not  amenable  to  rejection  or  acceptance  by  the 
test  of  Peirce's  criterion ;  though,  if  that  test  were  applicable,  at  least 
two  of  the  values  would  be  rejected  (the  38.9  in.  for  Cuyamaca  in  1913, 
and  the  45.8  in.  for  Sweetwater  in  1914).  However,  even  though  the 
law  of  probable  error  is  not  strictly  applicable  to  Table  95,  if  applied 
to  its  12  values,  the  result  is  a  probable  error  ( ?)  of  its  mean  (58.4  in.) 
of  dz  1.7  in. 

Hence,  in  so  far  as  the  3  reservoirs,  the  6  years,  and  the  12  values 
of  Table  95  may  be  supposed  to  represent  a  fair  range  of  evaporation 
conditions  in  the  vicinity  of  San  Diego,  the  value  of  58.4  in.  per  year 
(not  less  than  56.7  nor  more  than  60.1  in.)  evaporation  from  reser- 
voirs, may  be  accepted  tentatively  as  the  most  probable  general  value 
at  present  for  that  region.  This  is  always  subject  to  correction  and 
amendment  if  additional  values  are  secured  for  other  years  and  for 
other  reservoirs. 

Similarly,  the  mean  of  the  5  yearly  values  for  Sweetwater  Reser- 
voir has  a  probable  error  (?)  of  dr  2.0  in.,  the  mean  of  the  4  values 
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for  Cuyamaca  has  a  probable  error  (?)  of  dz  4.6  in.,  and  the  mean  of  Messrs. 
the  3  values  for  Upper  Otay  has  a  probable  error  ( ?)  of  dz  1.9  in.  and 

The  various  present  tentative  values  of  yearly   evaporation   from     ^^    ' 
reservoirs,  near  San  Diego,  may  be  summarized  as  in  Table  96. 

TABLE  96. — Present  Tentative  Values  of  Yearly  Evaporation  from 
Reservoirs,  near  San  Diego,  Cal. 


Reservoir. 

Altitude,  in  feet. 

Period,  in  years. 

Probable  Evaporation  Depth 
PER  Year. 

Mean,  in  inches. 

Probable  error  of 
mean,  in  inches. 

Sweetwater 

Cuyamaca 

Upper  Otay 

200 

4  600 

500 

5,  1910-14 
4,  1912-15 
3,  1913-15 

56.8      ■ 

57.6 

62.3 

±  2.0 
±  4.(5 
±  1.9 

Near  San  Diego,  1 
Cal f 

*1  700 

6,  1910-15 

58.4           { 

*±  1.7 
(2.8  "  weighted") 

*  If  the  "probable  errors"  of  the  three  reservoirs  are  weighted  in  proportion  to 
their  numbers  of  years,  the  weighted  average  is  ±  2.8  in.,  iu  comparison  with  the 
±  1.7  in.  of  Table  96  :  and  if  the  three  altitudes  are  similarly  weighted  in  proportion 
to  their  numbers  of  years,  the  resulting  value  (which  may  be  called  the  "weighted 
average  altitude")  is  about  1  700  ft. 

The  Principal  Conclusion  of  the  paper  (the  probable  yearly  evapora- 
tion depth  from  Lake  Conchos)  is  shown  in  some  detail  in  Tables 
3  to  6;  and  the  finally  adopted  value  is  55  in.,  before  the  deduction  of 
the  rain  falling  directly  on  the  lake  surface.  The  various  discussions 
of  the  Principal  Conclusion  will  be  considered  next. 

Mr.  Mathewson*  does  not  discuss  the  Principal  Conclusion ;  but 
some  use  of  his  discussion  already  has  been  made,t  and  a  slightly  dif- 
ferent use  will  be  made  of  it  here,  as  follows: 

The  altitude  and  the  mean  yearly  temperature  of  the  Botello 
power-house  are,  respectively,  about  6  560  ft.  and  62.4°  Fahr.,:}:  and 
those  of  Lake  Conchos  are  about  4  300  ft.  and  66.9°  Fahr.§  From 
Diagram  (h),  Fig.  4  (from  the  larger-scale  original  drawing,  extended 
by  straight  lines  to  altitude  6  560  ft.),  the  monthly  evaporation  in  a 
3-ft.  floating-pan  is  8.88  in.,  at  altitude  6  560  ft.  and  mean  temperature 
62.4°  Fahr.;  and  at  4  300  ft.  and  66.9°  it  is  6.98  in.,  or  1.90  in.  per 
month  or  22.8  in.  per  year  less,  as  measured  in  a  3-ft.  floating-pan. 
From  Subsidiary  Conclusion  (c),  the  corresponding  less  depth  as 
measured  in  a  reservoir  should  be  (22.8  X  0.62)  ==  14.1  in.  per  year. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  pp.  2687-88. 
t See  pp. 1454-1456. 

t  Table  92  and  Table  85. 
§  Table  85. 
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Messrs.        From  comparative  local  evaporation  tests  in  a  farm  reservoir  and 

Durvea  .  ,,  .  ,      ,       ^      _^        ,, 

and     m  a  small  evaporation  vessel,  the  La  Botello  engmeers  adopted  67.7  in.* 

**     ■  as  the  value  of  yearly  evaporation  depth  there  from  reservoirs ;  which, 

lessened  by  the  estimated  difference  of  14.1  in.,  gives  a  corresponding 

yearly  depth  of  evaporation  from  Lake  Conchos  of  53.6  in.     This  is 

1.4  in.,  or  2.6%,  less  than  the  value  of  55  in.  adopted  by  the  writers. 

As  admitted  hereinbefore,  this  close  check  may  be  merely  acci- 
dental ;  but,  at  the  least,  it  does  not  weaken  the  validity  of  the  writers' 
Principal  Conclusion:  that  the  yearly  evaporation  depth  from  Lake 
Conchos  is  about  55  in. 

Mr.  Chandlerf  refers  to  the  writers'  Principal  Conclusion  as  follows : 

"The  conclusions  drawn  by  the  authors  from  this  interesting  and 

comprehensive  investigation  seem,  in  general,  to  be  well  founded  and 

safely  applicable  in  the  region  studied. 

*  -x-  *  *  *  *  * 

"  *     *     *     apparently  the  tables  are  not  applicable  with  safety  to 

places  outside  of  the  Great  Plateau. 

******* 

«  *  *  *  j£  good  records  of  evaporation  are  available,  extending 
through  a  period  of  several  years,  at  some  point  not  remote  from  the 
region  where  estimates  [of  evaporation]  are  needed,  it  seems  that  the 
methods  illustrated  so  clearly  and  completely  in  this  paper  will  pro- 
vide excellent  means  for  making  the  corrections  needful  for  the  dif- 
ferences in  evaporation,  caused  by  comparatively  small  differences  in 
elevation  and  in  mean  temperature;  but  these  methods  are  not  suited 
for  the  transfer  of  figures  from  actual  records  to  far  distant  regions, 
or  to  points  where  the  mean  temperature  or  elevation  is,  in  great 
degree,  different." 

The  writers  cannot  but  agree,  in  general,  with  these  remarks  by 
Mr.  Chandler. 

Mr.  Lee:}:  discusses  the  writers'  Principal  Conclusion  as  follows: 

"The  authors  have  attempted,  through  assumptions  and  highly 
theoretical  methods,  carried  out  in  great  detail,  to  estimate  annual 
evaporation  from  a  lake  surface  more  than  300  miles  from  the  nearest 
point  of  actual  observation.  They  have  also  attempted  an  exhaustive 
investigation  and  comprehensive  analysis  of  the  problem.  They  have 
based  much  of  their  framework,  however,  on  a  fundamental  assumption! 
which  the  writer  believes  to  be  in  error.  As  a  result  thereof,  the  com- 
puted value  of  yearly  gross  evaporation  from  Lake  Conchos,  as  set 
forth  in  Table  4,  is  far  from  the  truth." 

It  is  noticeable  that  the  vsrriters'  methods,  characterized  by  Mr.  Lee 
as  "highly  theoretical",  are  instead  characterized  by  Mr.  Horton||  "as 
almost  wholly  empirical". 

•  Seep.  1456. 

t  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  pp.  2688-91. 

t  Proceedings,  Am.  Soc.  S.  E.,  for  December,  1915,  p.  2704. 

§  Subsidiary  Conclusion  (c)  =  0.62. 

II  Proceedings,  Am.  Soc.  C.  E.,  for  May,  1916,  p.  793. 
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Mr.  Lee  is  hardly  correct  in  stating  "the  authors  have  attempted  Messrs. 
*     *     *     to   estimate   annual   evaporation   from   a   lake   surface   more  ^and^^ 
than  300  miles  from  the  nearest  point  of  actual  observation".     As  a  Haehl. 
matter  of  fact,  though  his  comment  is  partly  true  of  Method  A,  no 
reliance  was  placed  on  the  result  by  that  method,  and  no  use  was  made 
of  it,  until  it  apparently  was  confirmed  by  the  results  of  Methods  B 
and    C,   both    based    on    observations    of    evaporation    made    at    Lake 
Conchos  itself. 

Apparently,  Mr.  Lee  dissents  from  the  writers'  Principal  Conclu- 
sion chiefly  because  of  his  dissent  from  Subsidiary  Conclusion  (c), 
he  believing  that  the  evaporation  depth  from  a  floating-pan  is  about 
the  same  as  (and  at  least  not  materially  greater  than)  that  from  the 
reservoir  on  which  it  is  floating.  This  question  has  been  discussed 
hereinbefore  more  or  less  fully,*  with  the  writers'  conclusion  there 
that  ^'Subsidiary  Conclusion  (c)  may  be  given  at  least  tentative  ac- 
ceptance as  expressive  of  the  best  data  as  yet  available".  Mr.  Lee 
describes:}:  some  comparative  evaporation  tests  made  by  him  on  Owens 
River  and  Lake,  which  seem  to  prove  that  the  evaporations  from  the 
lake  and  from  a  pan  floating  on  the  river  were  the  same,  and  hence  to 
disprove  (c) ;  but  the  pan  was  about  20  miles  from  the  lake,  which  may 
make  the  comparison  somewhat  doubtful,  though  he  states  that  lake 
and  pan  have  "practically  the  same  climatic  conditions". 

In  his  reference  to  Method  C,  Table  46,  and  Piche  evaporimeter 
computations,  Mr.  Lee  is  in  error.  Table  31  (from  which  Table  46 
statedly  is  derived)  is  based  only  on  evaporations  observed  from  "3-ft. 
square  floating-pans".  However,  it  is  seen  from  Table  20  that,  in 
respect  to  the  monthly  percentage  distributions  of  the  yearly  evapora- 
tion, apparently  pan  distributions  and  Piche  distributions  vary  but 
little  from  each  other. 

Also,  though  Mr.  Lee  objects  to  the  writers'  expansions  by  Methods 
B  and  C  from  2  to  7  months  to  a  full  year,  and  apparently  has  some 
ground  for  his  objection,  it  is  noticeable  that  all  the  yearly  evapora- 
tions thus  estimated  by  expansion  (by  Ba  and  Bj,  from  2  and  5 
months,§  and  by  Ca  and  C^  from  4  and  7  months§)  agree  quite  closely 
with  one  another,  also  with  the  yearly  evaix)ration  depth  estimated  by 
Method  A,\\  which  is  independent  of  any  method  of  expansion. 

Referring  to  Mr.  Lee's  lack  of  confidence  in  Method  C :  the  writers 
must  acknowledge  that  the  possible  lack  of  sufficient  precision,  in  the 
stream  gauging  rating  curves  and  perhaps  in  some  of  the  other 
measurements,  may  make  the  resulting  values  of  the  lake  evaporation 

*  See  pp. 1437-1446. 

t  See  p.  1446. 

t  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  p.  2711. 

§  Proceedings,  Am.  Soc.  C.  E.,  for  September,  1915,  p.  1790,  Tables  48  and  49. 

II  Tables  3  and  30  to  33,  Proceedings,  Am.  Soc.  C.  E.,  for  September,  1915. 
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Messrs.  perhaps  less  accurate  than  they  were  thought  to  be,  and  that  there  may 
ancT*  be  some  doubt  (as  suggested  by  Mr.  Hawgood*  and  Mr.  Comstockf) 
^^  ■  whether  the  averag-e  pan  evaporation  from  such  a  large  lake  is  repre- 
sented closely  by  measurements  in  only  one  or  two  pans. 

However,  all  measurements,  of  both  pans  and  lake,  were  made  with 
much  care  (probably  with  more  care  than  generally  is  used  for  that 
class  of  work),  the  results  of  the  two  methods  of  working  up  the  test 
observations  for  the  two  periods  all  agree  with  each  other  closely,:]: 
and  it  is  felt  that  the  probability  of  the  yearly  evaporation  depths  thus 
arrived  at  by  Method  G  being  seriously  in  error  is  not  great.  Also,  in 
view  of  Professor  Bigelow's  deductions  at  Salton  Sea  (or  at  least  of 
the  writers'  interpretation  of  them§),  of  Mr.  Post's  results  secured  at 
San  Diego,§  and  of  those  secured  by  the  writers  at  Lake  Conchos,§ 
and  because  a  reasonable  cause  has  been  suggested  therefor,  ||  it  is  felt 
that,  on  the  whole  (even  though  the  possibility  of  error  is  acknowl- 
edged), there  is  every  probability  that  the  evaporation  from  a  reservoir 
is  materially  less  than  that  from  a  3-ft.  pan  floating  thereon ;  and  that 
the  most  probable  value  as  yet  (worthy  of  at  least  tentative  acceptance) 
is  about  62%,  that  used  in  Subsidiary  Conclusion  (c). 

Much  of  the  foregoing  discussion  of  Mr.  Lee's  contribution  will 
apply  also  to  that  of  Mr.  Comstock.^ 

Referring  to  Mr.  Comstock's  statement  that  he  **"has  calculated 
the  percentage  distribution  of  evaporation  at  thirty  stations  in  the 
United  States,  and  has  taken  the  mean  for  each  month.  The  result 
shows  46%  of  the  annual  evaporation  for  the  months,  January  to  June, 
inclusive"  (instead  of  the  50.4% ff  used  by  the  writers)  :  the  50.4%  is 
derived  from  observed  mean  monthly  temperatures  at  Lake  Conchos 
itself,:}::}:  which  monthly  distributions  (thus  estimated)  bear  a  close 
resemblance  to  the  monthly  distributions  in  Texas  and  New  Mexico. §§ 
The  50.4%  thus  estimated  seems  more  worthy  of  confidence  than  the 
46%  estimated  "at  thirty  stations  in  the  United  States",  especially  as 
Table  93  shows  that  monthly  percentage  distributions  of  yearly  evapo- 
rations, while  not  differing  greatly  from  each  other  at  different  places, 
still  do  differ  enough  to  make  it  quite  advisable  to  compare  only  with 
places  as  near  as  practicable  and  having  similar  climatic  characteristics. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  February,  1916,  p.  247. 

'^  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1916,  pp.  401-2. 

%  Tables  48  to  50. 

§  All  discussed  on  pp.   1437-1446. 

11  Seep.  1439. 

<f,  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1916,  pp.  401-02. 
**  Proceedings,  Am.  Soc.  C.  E.,  for  March,  1916,  p.  401. 
'\^  Proceedings ,  Am.  Soc.  C.  E.,  for  September,  1915,  p.  1784. 
}+ Table  31. 
§§  Fig.  11. 
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Referring  to  the  writers'  Principal  Conclusion  (that  the  probable  Messrs. 
nnuual  evaporation  depth  from  Lake  Conchos  is  about  55  in.),  Mr.  and** 
Grunskv  says:  "«*'^''- 

*"0n  the  assumption  that  the  mean  monthly  temperatures  [at 
Lake  Conchos]  are  about  as  shown  in  Table  30,  *  *  *  the 
Kingsburg  curve  [Fig.  28]  indicates  a  mean  annual  evaporation  from 
the  water  surface  of  Lake  Conchos  of  60  in.  This  is  subject  to  cor- 
rection for  higher  elevation.  (Lake  Conchos  is  at  Elevation  4  300  and 
Kingsburg  is  about  at  Elevation  300.)  This  correction  is  perhaps  but 
little  in  the  hot  summer  months,  but  may  affect  the  results  materially 
in  the  cold  winter  months.  It  is  believed  that  this  correction  will  not 
be  as  great  as  the  curves  presented  in  the  paper  would  indicate,  but, 
nevertheless,  it  may  be  an  increase  of  from  20  to  30  per  cent.  It  is 
the  writer's  opinion  that  further  observations  at  Lake  Conchos  will 
show  that  the  evaporation  there  will  be  between  the  60  in.  indicated  by 
the  Kingsburg  curve  and  the  85  in.  which  the  authors  have  estimated 
as  the  annual  evaporation  from  a  3-ft.  square  pan  floating  on  the 
water  surface  of  the  lake. 

"The  results  at  Kingsburg,  though  not  recommended  as  fully  de- 
pendable, have  been  tested  by  the  fall  of  the  water  surface  at  Salton 
Sea,  where  the  check  was  satisfactory  for  the  year  1907-1908." 

Mr.  Grunsky's  opinion — that  the  mean  annual  evaporation  from  the 
surface  of  Lake  Conchos  is  between  60  and  85  in.  (instead  of  being  the 
55  in.  found  by  the  writers) — apparently  is  based  on  an  assumption 
that  the  climates  of  Kingsburg  and  Lake  Conchos  differ  but  little  from 
each  other  except  in  mean  temperatures  and  in  altitudes.  This,  how- 
ever, is  not  the  fact.    As  pointed  out  by  Mr.  Jorgensen, 

f "At  Lake  Conchos,  fortunately,  the  rainy  season  coincides  with  the^ 
season  of  maximum  temperature,  and  this  condition  luidoubtedly  tends, 
to  keep  down  evaporation  loss;  otherwise  one  would  expect  the  yearly 
evaporation  depths  there  to  be  higher  than  55  in.,  due  to  the  high, 
average  temperature  and  the  very  irregular  shape  of  the  lake." 

At  Kingsburg  the  rainy  season  (with  its  higher  humidity)  occurs; 
in  the  winter,  when  the  mean  temperatures  and  the  monthly  evapora- 
tions are  the  least;  at  Lake  Conchos,  Mexico,  it  occurs  in  the  summer. 
Thus  Lake  Conchos  has  higher  relative  humidities  and  lower  relative 
mean  temperatures  and  monthly  evaporations  throughout  the  summer, 
than  Kingsburg.  Hence  it  is  believed  that  Mr.  Grunsky  is  not 
justified  in  estimating  a  Lake  Conchos  evaporation  value  from  his 
Kingsburg  curve,  with  no  other  corrections  except  that  for  the  dif- 
ference in  the  altitudes;  and  that  any  Lake  Conchos  evaporation  thus 
estimated  necessarily  must  be  greater  than  the  true  value. 

Also  opposed  to  Mr.  Grunsky's  opinion  (that  the  probable  mean 
annual  evaporation  depth  from  Lake  Conchos  is  between  60  and  85 

*  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1916,  p.  573. 
t  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1916,  p.  164. 
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Messrs.  in.)  is  the  opinion  of  Mr.  Freeman,  who,  after  2  weeks  spent  there  in 
^and®^  1911  in  study  of  the  La  Boquilla  project,  reported  that  in  his  opinion 
Haehi.  ^Yie  annual  evaporation  from  the  lake  would  be  about  55  in.;*  and  the 
value  of  53.6  in.  for  Lake  Conchos  deduced  by  the  writersf  with  the 
aid  of  Fig.  4  from  a  carefully  estimated  value  of  reservoir  evaporation 
at  the  Botello  power-house.  The  Botello  power-house  is  about  600 
miles  south  of  Lake  Conchos,  but  still  within  the  limits  of  the  Great 
Plateau,  and  presumably  with  climatic  characteristics  quite  similar  to 
those  at  Lake  Conchos.  _  .   kk    ■ 

This  close  check  on  the  writers'  Principal  Conclusion  ot  55  m. 
possibly  is  merely  an  accidental  coincidence;  but,  unless  such,  it  adds 
at  least  some  corroborative  weight  to  the  validity  of  their  Principal 
Conclusion,  of  their  Subsidiary  Conclusion  (c)  (that  the  evaporation 
depth  from  a  reservoir  is  only  about  62%  of  that  from  a  3-ft.  pan 
floating  thereon),  and  to  the  proper  applicability  of  Fig.  4  to  at  least 
one  other  locality  on  the  Great  Plateau,  at  great  distances  from  both 
Lake  Conchos  and  Southern  Texas  and  New  Mexico. 

The  paper  and  its  discussions  include  annual  evaporation  depths 
from  reservoirs  (with  corresponding  altitudes  and  mean  temperatures) 
not  only  at  Lake  Conchos  and  at  the  Botello  power-house,  but  also 
at  the   Salton   Sea    (estimated  by   Mr.   Grunsky   and  others)    and  at 
the    Cuyamaca    Keservoir    (measured    by    Mr.    Post).      Merely    from 
curiosity,  Fig.  4  was  applied  to  the  Salton  Sea  and  to  the  Cuyamaca 
Reservoir;   and  in  both   instances   the  resulting   annual   evaporations 
by   the   diagram   from   3-ft.   floating-pans   gave    (when   multiplied   by 
the  62%  value  of  (c))   an  estimated  value  of  the  annual  evaporation 
depth  from  the  lake  or  reservoir  which  was  much  smaller  than  the 
evaporation  locally   estimated  or  measured.     This   is   not   surprising 
however,  as  both  Salton  Sea  and  Cuyamaca  Reservoir  are  far  removed 
from  the  Great  Plateau  and  its  conditions,  and  presumably  with  very 
dissimilar  climatic  characteristics.  .    i      t      -d        -n 

In  determining  the  probable  power  production  of  the  La  Boquilia 
project,  a  careful  study  was  made  by  the  writers  of  the  rainfall  and 
stream  flow  of  the  State  of  Chihuahua  and  parts  of  Northern  Mexico; 
and  the  most  important  of  the  data  acquired  during  that  study  are 
given  here  as  contributions  toward  future  hydrographic  investigations 

of  that  region.  .      -,      .  p  ^i      •     i. 

The  rainfall  data  thus  offered  are  given  m  the  form  of  the  isohye- 
tose  map,  Plate  XIII;  and  as  Tables  79  to  82,  90,  and  91  and  parts  of 
Tables  97  and  98  The  stream  flow  data  are  given  as  lables  S3  and 
84  and  parts  of  Tables  97  and  98.  In  Tables  85,  86,  and  92  are  given 
data  of  mean,  mean  maximum,  and  mean  minimum,  temperatures; 
in  Tables  93  and  94,  data  of  th^monthly  percentage  distributions  ot 

*  See  pp. 1458-1459. 
t See  pp.  1465-1466. 
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the  yearly  evaporation,  at  several  places;  in  Tables  95  and  9(5,  sum-  Messrs. 
niarized  data  of  the  measured  reservoir-evaporations  near  San  Diego,  '*and^* 
Cal. ;  and  in  Table  99,  data  of  maximum  flood  rates  of  the  Eio  Haehi. 
Conchos  at  La  Boquilla. 

Eainfall  Data. — The  isohyetose  map,  Plate  XIII,  was  constructed 
from  the  mean  yearly  rainfalls  of  Tables  79  and  82  and  some  few  addi- 
tional data,  ancl  is  believed  to  be  fairly  reliable  in  a  broad  sense  for  such 
a  map,  with  a  tendency  to  too  low  rather  than  to  too  high  mean  yearly 
rainfalls. 

Stream  Flow  Data. — As  explained  already,  the  flows  of  the  Rio 
Conchos  were  measured  at  its  mouth  for  the  14  years,  1900-1913, 
inclusive.  The  measurements  there  were  discontinued  early  in  1914. 
Its  flow  was  measured  also  at  Lake  Conchos  for  the  6  years,  1910- 
1915,  inclusive,  and  the  measurements  there  are  being  continued. 

The  flows  measured  at  the  mouth  of  the  Rio  Conchos  are  given 
in  Table  97  and  those  at  Lake  Conchos  in  Table  98. 

TABLE  97. — Measured  Total  Stream  Flow  and  Deduced  Average 
Yearly  Rainfall,  of  the  Entire  Drainage  Area  of  the  Rio 
Conchos  Above  its  Mouth,  for  Each  of  the  14  Years,  1900-1913. 

(This  drainage  area  is  very  nearly  23  000  sq.  miles.) 


Average  Rainfall 
ON  Area  : 

Measobbd  Yearly  Stream  Flow  cf 
Rio  Conchos  at  Its  Mouth  : 

Year. 

(1) 

Year's 

rainfall  as  a 

percentage 

of  the  mean 

rainfall. 

(2) 

Year's 
rainfall, 
average 
depth,  in 

inches. 

(3) 

As  a  uniform 

depth,  in 

inches,  on 

drainage 

area. 

(4) 

As  a  per- 

centaee  of 

the  yearly 

ramfall. 

(5) 

As  cubic  feet 
per  second 
per  square 

mile  of  drain- 
age area. 

(6) 

1900 

(123)* 

80 

97 

93 
110 
152 
126 

96 

84 

85 

50 
122 
(91)* 
(113)* 

17.6 
11.4 
13.9 
13.3 
15.7 
21.7 
18.0 
13.7 
12.0 
12.2 
7.2 
17.4 
13.0 
16.2 

0.86 
0.32 
1.20 
0.54 
1.84 
2.02 
2.31 
1.08 
0.79 
1.10 
0.47 
1.48 
1.18 
0.73 

4.9 
2.8 
8.6 
4.1 

11.7 
9.3 

12.8 
7.9 
6.6 
9.0 
6.5 
8.5 
9.1 
4.5 

0  0633 

1901 

0  0236 

1902 

0  0885 

1903 

0  0b98 

1904 

0  1355 

1905 

0  1487 

1906 

1907 

0.1702 
0  0796 

1908 

0  0582 

1909 

1910 

0  0346 

1911 

0  1090 

1912 

0  0870 

1913 

0  0538 

(101.5) 
101.5 

(0.0838) 
0  0840 

Averages 

14.52t 

1.14 

7.86 

*  The  rainfalls  of  1900,  1912,  and  1913  are  less  reliable  than  those  of  the  other 
years,  because  based  almost  wholly  on  American  rainfall  data. 

t  The  deduced  mean  yearly  area-rainfall  for  a  long  period  (62  years)   is  14.3  in. 
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Messrs  TABLE  98.-Measured  Total  Stream  Flow  and  Deduced  Average 

^-^r         Yearly   Kainfall,  of  the   Entire  Drainage   Area   of  the  Eio 

Haehi.  CoxNCHOS  Above  La  Boquilla,  FOR  Each  OF  THE  6  Years,  1910-1915. 

(This  drainage  area  is  very  nearly  7  000  sq.  miles.) 


Average  Rainfall  on  Area 


Measurkd  Yearly  Stream  Flow  of  Rio 
CoNCHOS  AT  La  Boqiilla  : 


Year. 


Year's 
rainfall  as  a 
percentage 
of  the  mean 

rainfall. 


Year's 

rainfall, 

average  depth. 

in  inches. 


As  a  uniform 
depth,  in 
inches,  on 

drainage  area, 


I  As  cubic  feet 
?  ^       «    per  second  per 
percentage  of    ^square  mile 
the  yearly         of  drainage 
ramfalt.       |         area. 


Year's  stream  flow 
as   a   percentage  ,  __ 
of      the      year's  j 


rainfall 


J 


•  Less  accurate  than  other  years,  only  two  rainfall  stations. 
t  Deduced  means  for  long  period,  62  years. 

Columns  (3)  and  (5)  of  Table  97  were  plotted  on  co-ordinate  paper, 
and  upper  and  lower  envelopes  drawn  of  twelve  of  the  fourteen  pomts 
The  corresponding  equations  of  the  upper  and  lower  envelopes  and 
of  the  ''median"  (not  far  from  the  "mean")  line  are  as  follows: 

Upper  envelope — 

[(Inches  of  rainfall  X  0.633)  +  2.2]% 

Median  line — 

[(Inches  of  rainfall  X  0.633)  —  1.3]  % 

Lower  envelope — 

[(Inches  of  rainfall  X  0.633)  —  4.8]% 

Years  Stream  Flow  at  La  Boquilla.  as  a  Percentage  of  That  at  the 
Month  of  the  Rio  Conchos.— Stream  flows  were  measured  at  both  places 
for  each  of  the  4  years  1910-13,  with  some  variations  m  the  accuracy 
and  reliability  of  the  Lake  Conchos  measurements  m  the  diflerent 
years.  A  comparison  of  the  measured  flow  at  La  Boqudla  each  year, 
with  the  flow  at  the  mouth  of  the  river  in  the  same  year,  gave  the 
following  relative  flows: 

1910-Total  flow  at  La  Boquilla  =  86%  of  that  at  mouth. 

1911-  "  " '' "    "  =^^r^ :  ;; 

1912-  ''    "  "  "    "   =s^%;     :    . 

1913_     "         «     "     «  "         =62%  "       " 
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The  most  accurate  of  the  years'  nu>usurements  of  stream  tlow  at  Messrs. 
La  Boquilla  is  believed  to  be  that  for  1912,  with  those  for  1910  aud  and*^^ 
1911  less  accurate  and  reliable  than  the  others.  ^*®  '■ 

The  year  of  lowest  total  stream  flow  at  both  places  was  1910, 
with  1913  next  higher,  1912  still  higher,  and  1911  highest.  Hence 
it  appears  probable  (as  would  be  expected)  that  in  years  of  low 
total  stream  flow  the  total  flow  at  Lake  Conchos  is  a  greater  xter- 
centage  of  the  total  flow  at  the  mouth  of  the  river,  than  it  is  in 
years  of  high  stream  flow. 

A  careful  comparative  study  was  made  of  the  cumulative  monthly 
stream  flows  at  the  two  places  for  periods  of  12,  24,  36,  and  48 
months,  both  with  the  years  in  their  natural  chronological  order  and 
re-arranged  in  the  order  of  their  supposed  accuracies.  Considered 
in  either  way,  it  was  found  that  at  the  end  of  24  months,  the  cumula- 
tive stream  flow  at  La  Boquilla  was  57%  of  that  at  the  mouth  of  the 
river,  the  same  at  the  end  of  48  months,  and  not  materially  different 
at  the  end  of  36  months.  As  a  final  conclusion,  the  flow  of  the  Rio 
(\inchos  at  La  Boquilla  (from  its  about  Y  000  sq.  miles  of  drainage 
area)  was  adopted  as  a  straight  55%  of  that  at  the  mouth  of  the 
river  (from  its  about  23  000  sq.  miles  of  total  drainage  area). 

Hence  it  is  believed  that  the  intensity  of  the  total  yearly  stream 

flow   from   the   upper   7  000   sq.   miles   of   the   Rio    Conchos   drainage 

/    55  100     \ 

area  is  about   (  ^- I  rr  1 . 8  tunes  as  srreat  as  the  average 

V  7  000    ■     23  000  /  ''  ° 

intensity  from  the  total   including   drainage  area    (above  the  mouth 

of  the  river)  of  about  23  000  sq.  miles. 

Probable   Maximum   Flood   Flows   from   Lake    Conchos. — In    1911 

Mr.  Freeman  made  as  careful  an  examination  as  practicable  of  former 

maximum  floods  of  the  Rio  Conchos  at  La  Boquilla,  basing  his  study 

on  a  few  gaugings  of  the  river  and  on  the  flood  marks  of  past  years 

as   pointed   out   by    "oldest   inhabitants".      The   results   of   his    study 

are  given  in  Table  99. 

TABLE  99. — Probable  Maximum  Flood  Rates  of  the  Rio  Conchos  at 
La  Boquilla,  Mexico,  as  Deduced  in  1911  by  John  R.  Freeman, 
M.  Am.  Soc.  C.  E. 


Flood  of  vear. 


1904 

1868 

1829 

Usual*. 


Probable  maximum  total 

flood  flows  (at  crest  of 

flood),  in  cubic  feet 

per  second. 


161  000 
230  000 
335  000 
134  000 


Probable  maximum  flood 

flows  per  square  mile  of 

tributary  drainage  area, 

based  on  the  most  probable 

area  of  7  100  sq.  miles,  in 

cubic  feet  per  second 

per  square  mile. 


23.6 
32.6 

47.2 
18.9 


Probable  extreme  flood  height  of  ordinary  year. 
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Messrs  Before  Mr.  Freeman's  investigatioB,  there  had  been  adopted  a 
""anr  spillway  capacity  of  2  000  cu.  m.  per  sec.  (70  600  cu.  ft.  per  sec. 
Haehi.  total  or  10,0  cu.  ft.  per  sec.  per  sq.  mile).  As  a  result  of  his  investi- 
gation, a  spillway  capacity  was  adopted  of  10  000  cu.  m.  per  sea 
(353  000  cu.  ft.  per  sec.  total,  or  49.8  cu.  ft.  per  sec.  per  sq.  mile)  ;  and 
the  spillway  dam  was  constructed  to  carry  that  flow,  with  a  depth  of 
water  of  3  m.  (9.84  ft.)  on  its  crest. 

In  closing  this  discussion,  the  writers  (though  acknowledging  some 
inaccuracies  and  defects  in  the  paper,  pointed  out  in  the  discussions) 
still  feel  that  they  may  claim  for  it  that,  in  the  words  of  Mr. 
Horton, 

"*  *  *  the  work  done  in  attempting  a  correlation  of  evaporation 
with  temperature  and  altitude  represents  a  start  in  a  much  needed 
investigation,  and  contains  suggestions  which  may  be  useful  m  solving 
the  vexed  problem  of  the  relation  of  evaporation  to  altitude  . 

Also  they  feel  that  they  may  claim  some  permanent  value  for 
the  paper  because  of  the  data  it  contributes  to  the  rather  meager 
knowledge  of  evaporation,  rainfall,  stream  flow,  and  temperature  m 
Northern  Mexico— knowledge  of  much  importance  in  connection  with 
probable  future  hydraulic  developments  in  that  region. 
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Bv  A.  C.  Janni,  M.  Am.  Soc.  C.  E.f 


A.  C.  JANN14  M-  Am.  Soc.  C.  E.  (by  letter). ||— In  Fig.  13  let  A-B    Mr. 
be  a  beam  deflected  as  shown.    It  is  known,  from  an  a  posteriori  demon-  ''^°°'' 
stration  by  Saint- Venant,  that  any  of  its  cross-sections,  for  instance, 
c-d-e-f,  after  deflection,  is  transformed  to  the  section,  c-d'-e'-f. 

This  section,  drawn  in  exaggerated  scale,  is  obtained,  as  is  well 
known,  by  keeping  m'-n'  as  long  as  m-n,  assuming  a  certain  center,  C", 
on  the  line,  0-G',  and  drawing  the  arc,  m'-n'.  All  the  other  fibers, 
like  c'-d',  and  e'-f,  are  to  be  derived  with  the  same  center,  C";  the 
straight  lines,  e'-c'  and  d'-f,  will  pass  through  the  center,  C". 

lu  Fig.  13,  therefore,  it  is  seen  that  each  fiber  above  m'-n'  undergoes 
a  shortening  which  increases  with  its  distance  from  m'-n'.  The 
reversf^that  is  to  say,  the  stretching  of  the  fibers— happens  for  all 
fibers  below  m'-n' . 

Poisson's  coefficient,  — ,  is  simply  the  numerical  translation  of  the 
m 

physical  phenomenon  just  described,  and  everybody  understands  that, 
in  order  to  take  it  into  account  in  an  exact  formula,  it  cannot  be 
represented   graphically  very  well,   hence,   tests  have  been  made  and 

have  broui^ht  out  various  values  for  — ,  and  these  are  not  so  far  from  - 

m  4 


.      ^*  Discussion  of  the  paper  by  A.  C.  Janni,  M.  Am.  Soc.  C.  E.,  continued  from  Sep- 
tember, 1916,  Proceedings. 

t  Author's  closure. 

t  New  York  City. 
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Mr.     its  theoretical  value,  as  some  seem  to  think.     The  tests  mentioned,  of 
'"'°"'-  course,  were  made  by  reliable  scientists. 

The  general  formula  for  the  exact  computation  of  stresses  ni  beam 

deflection  contains,  in  fact,  the  coefficient,  — ,  as  can  be  seen  : 


k  —  Max. 


^h-^-^is-^) 


.(24) 


where,  M,  1,  m,  and  li  have  the  same  meaning  as  given  in  the  paper, 
and  <S  is  the  shear. 


c  d'<m' n-c  e  f 


c  d  =  m'n  =  e  f 


Fig.   13. 


For  every-day  purposes,  however,  it  is  sufficient  to  verify  the  fore- 
going only  at  the  top  and  bottom  fibers  and  at  the  neutral  axis,  where 
it  becomes,  respectively: 


tj  =/j  =  —  /*,and  k,=S2 


m  +  1 


.(25) 


This  shows  that  f^,  which  we  usually  look  for,  is  not  a  maximum, 
by  any  means,  and  that  the  indiscriminate  use  of  this  formula  may 
lead  to  serious  errors. 

Fig.  13  shows,  also,  that,  except  for  the  neutral  plane  fibers,  all 
the  others  of  the  cross-section  are  affected  by  Poisson's  coefficient, 
and,  therefore,  the  deflection  of  the  beam  is  affected  accordingly,  al- 
though  for  practical  purposes,  its  influence  may  be  ignored. 

Now,  if  this  same  beam,  A-B,  is  one  of  the  ideal  middle  beams 
of  a  flat  slab,  its  cross-section,  c-d-e-f,  on  account  of  the  contmuity 
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of  the  system  of  beams,  cannot  be  detormed  as  the  section,  c  -d  -e  -j  ,    Mr. 

Janni. 
was. 

Then,  we  will  have,  as  in  Fig.  13,  m"-n"  =  m'-n'  =  m-n,  and 
c"-d"  =  e"-f"  =  m"-n";  that  is,  the  center,  C",  is  at  infinity  and 
becomes  Cx ,  and  the  fibers,  (^"-d" ,  e"-f'\  will  be  parallel  to  m"-n" 
as  before,  having,  furthermore,  a  less  pronounced  curvature,  which  is 
the  curvature  of  the  ideal  beam  of  the  other  system,  crossing  the  first 
beam  at  that  point. 

We  have  before  us,  therefore,  the  shapes  of  the  same  cross-section 
of  a  deflected  beam,  the  first  by  the  hypothesis  that  the  fibers  of  the 
beam  during  deflection  have  freedom  of  deformation,  the  second  by 
the  hypothesis  that  those  fibers  are  prevented  from  deforming. 

The  enlarged  deformed  cross-sections,  in  other  words,  represent 
the  difi'erence  in  the  behavior  of  the  cross-section  of  the  same  beam 
by  the  hypothesis  of  a  single  beam,  and  by  the  assumption  that  this 
beam  is  the  middle  one  of  a  system  of  parallel  beams  connected  with 
each  other  in  such  a  way  that  the  deformation  of  its  cross-section  is 
prevented. 


>        1         1         1         1         1         1         1         1         < 

1      1       1       1       1       1       1       1       1       1 

1        1        1        1        1       1        1        1 

!     1     1     !  '/J     !     1     1     i 

1     1     1     11     1     1     1     1 
'     1     1     1     1  1  1     1     III 

'                             1  /i     i  ^IrW '    -^1  '          i          '          1 

!     '     '     '     1^1     V    1     !     1 

1          1           1          1           1:1          1           1          1          ' 

i  1  i  i  1  M  !  1  M 

1           1      .,^_J I- Beams  of  System  a 1 U» 

!     ;     1     1     1     !     1     1     1     : 

Middle  beam  of 
_^  System  5 


I  J 1    I        I  Jl 


The  absence  of  this  phenomenon  of  deformation  in  this  second  case 
is  essential  to  the  behavior  of  the  material  in  flat  slabs,  and,  in 
order  to  take  it  into  account  in  this  investigation,  it  must  be  carried 
numerically  in  any  formula  the  purpose  of  which  is  the  finding  of 
stresses  in  those  ideal  beams. 

Accordingly,  imagine  that  the  ideal  middle  beam  of  System  6 
is  detached  from  all  the  beams  of  System  a,  Fig.  14,  and  is  represented 
by  V,  an  elementary  cubical  element  of  this  beam. 

Four  forces  will  act  on  the  vertical  faces  of  this  element.  Two  of 
these,  /j,  are  due  to  the  deflection  of  the  beam  itself,  and  the  other  two, 
i\,  are  due  to  the  deflection  of  the  ideal  beam  of  System  a,  which, 
at  that  point,  crosses  the  beam  under  consideration. 
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Let   e     and   e,   be   the   corresponding   elastic   deformations   of   the 


janni.  gigj^eii^^  ^^  in  these  two  directions;  then, 

e,=-^   (/^_i-/^ (26) 

6'  =  ^:7    1/2  —  —  /i  ) 


and, 


(27) 


The  deformation,  e,' 
We  have,  therefore, 


must  be  zero,  for  the  reason  stated  above. 


/,= 


/i 


.(28) 


Hence, 


—  1 


c,  = 


X 


E 


.  (29) 


Now,  if  we  consider  two  parallel  contigu- 
ous sections  of  the  beam,  S^  and  *S^.,,  as  shown 
in  Fig.  15,  and  a  fiber,  /,  having  a  cross-section, 
dA,  and  a  length,  dx,  the  derivative  of  its  worli 
of  deformation — assuming  that  the  acting 
force,  /j,  increases  from  zero  to  /^ — is  given 
by 


Si 


So 


Fig.  15. 


L  =    flf,  Xe.Xd  AX  d  x. 


.(30) 


X 


Substituting  in  this  the  value  of  e,  from  Equation  (29),  we  have, 

'-^/.r?X.7^ (31) 

but  we  know  that, 

(32) 


1  m^  —  l 
dL=  ^  X ^ 

2  m 


M 


.f\  =  ^^' 


X 


M^Xdx 


d  X    r 


/i2  xd  A  = 


^i^jX^x___^33^ 


hence, 

m^  ■  

'^  ^  =  ~1^  ""      2  i;  7-^  7  "    "  "  "  ~      "^'       '^2^1 

Therefore,  the  work  of  deformation,  as  given  by  Equation   (2),  is 

justified.  , 

In  establishing  the  values  of  Va.  M^c^  and  Mo,  it  has  been  assumed, 
for  the  sake  of  simplicity,  that  the  beam,  A-B,  was  loaded  with  the 
uniform  load,  lo.  This,  of  course,  gives,  for  Mj_c  and  Mo  values  a 
little  higher  than  the  actual  ones,  but  the  complexity  resulting  from 
assuming  the  parabolic  law  of  loading  would  not  be  justified  by  the 
results  in  a  practical  application. 

In  order  to  leave  no  doubt  as  to  the  correctness  of  Equations 
(21),  (22),  and  (2.3),  giving  the  values  of  F^.Jtf^c,  and  ilf o,  the  method 
used  in  deriving  them  is  given,  as  follows :   Considering  the  general 


Janni. 
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equation   tor   the   maximum   moment   in   a   single   span,   quasi-rigidly    Mr. 
supported  at   its  ends,  and  yielding  vertically  at  one  of  its  supports, 
and  given  by  theory  as 

V  2 

2    ID 

and  applying  it  to  the  span,  A  C,  Fig.  1,  where,  M^  =  0,  we  will  have 

^^        2  to 

the  vertical  reaction,  Va,  at  A,  will  be 

^        2        ^  I, 

As  stated  in  the  Synopsis  of  the  paper,  the  writer's  intention  was 
to  show  the  great  divergency  of  results  obtained  by  the  two  different 
hypotheses.  The  use  of  the  first  assumption,  namely,  unyielding 
supports,  when  the  designer  has  to  deal  with  several  panels,  as  is 
generally  the  case,  is  erroneous. 

This  problem,  no  doubt,  is  one  of  the  most  difficult,  and  a  strictly 
mathematical  solution,  taking  into  account  the  peculiarities  of  this 
material  of  construction,  seems  to  be  impossible.  This  difficulty,  how- 
ever, cannot  justify  the  silence  of  the  building  codes  on  this  subject.  A 
reasonable  approximation  is  always  possible,  and  the  practical  example 
in  the  paper  gives  an  idea. 

In  view  of  all  these  considerations,  Mr.  Godfrey  will  see  that  the 
writer,  in  order  to  find  the  equation  of  the  elastic  line,  in  this  particular 
case,  could  not  use  the  customary  expression, 

(1^  _    M 

which,  as  Mr.  Godfrey  knows,  is  only  approximate,  although  for  every- 
day work  it  is  reasonably  satisfactory,  since,  as  has  been  stated,  it 
would  not  have  brought  out  the  principal  physical  phenomenon  hap- 
pening in  the  deflection  of  a  slab. 

From  Equations  (10)  and  (11),  the  writer  derives  a  smaller  value 
for  D  than  from  the  equations  obtained  according  to  Mr.  Godfrey's 
suggestion;  this  diiference  between  the  two  results  is  caused  simply 
by  the  difference  in  the  conditions  of  the  two  deflections  of  the  same 
beam  by  the  two  hypotheses. 

In  order  to  be  clear,  it  may  be  stated  that,  in  imagining  the  slab 
to  be  divided  as  has  been  done,  two  peculiar  conditions  have  been  created 
in  those  beams :  The  first  is  that  the  beams  of  System  a  help  those  of 
System  h  in  carrying  the  load,  and  vice  versa;  hence  the  law  of  para- 
bolic distribution  of  loading.     The  second  is  that  these  beams  are  not 


Mr. 
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free  to  deform  crosswise;  hence,  the  essential  introduction  of  Poisson's 
'^^°"'-  coefficient  in  the  equations. 

By  taking  into  account,  as  far  as  possible,  all  the  differences  between 
plain,  single-beam  deflection  and  ideal,  slab-beam  deflection,  we  will 
get  nearer  the  truth  for  all  practical  purposes. 

Mr  Godfrey's  remark,  that  the  parabolic  law  of  load  distribution 
is  enough,  because  it  takes  into  account  already  the  association  of 
the  ideal  beam,  is  not  quite  correct.  .      .    .         i 

In  the  case  of  the  flat  slab,  as  in  other  cases  of  reinforced  concrete 
construction,  the  reason  for  the  very  small  deflections  usually  observed 
—or  the  elastic  deformations— must  be  found  in  the  fact  that  the 
material  (generally  speaking)  is  being  compressed  or  stretched  m 
two  directions,  normal  to  each  other,  which  condition  is  very  favorable 
to   the  working   capacity   of   the   material,   as   it   prevents   important 

deformations.  , 

It  is  a  fact  that  Poisson's  coefficient  is  purely  theoretical,  as  tai 
as  its  value,  4,  is  concerned,  but  the  writer  cannot  agree  with  Mr. 
Godfrey  regarding  its  unreliability  for  practical  purposes,  as  some  tests 
have  given  values  which  differ  somewhat  from  4,  and  this  discrepancy 
is  due,  undoubtedly,  to  inevitable  errors  of  readings,  instruments,  etc 
besides  the  fact  that  isotropic  bodies  (and  concrete  may  be  regarded 
as  such)  cease  to  be  isotropic  when  they  are  subjected  to  stresses  m 
only  one  direction.* 

If  as  Mr.  Godfrey  states,  some  engineers  are  unwilling  to  use 
this  coefficient,  even  in  typical  cases,  this  does  not  mean  that  it  should 
be  omitted  from  the  theory.  Those  same  engineers  should  know  that 
they  .are  using  it,  in  any  case,  when  they  assume  the  working  stress 
for  steel  in  shear  in  relation  to  the  working  stress  for  bending,  etc. 

The  value  4,  of  Poisson's  ratio  is  intended  for  isotropic  bodies  it 
is  true,  but  Mr.  Godfrey's  attention  is  called  to  the  fact  that  in  this 
<.ase,  we  have  to  deal  with  concrete  and  steel,  and  tiie  steel  (reduced 
to    concrete    according   to   the    assumed    value   of    ^)    is     placed    in 

the  two  directions  along  which  it  is  consistently  assumed  that  the 
iorces  are  working.  In  other  words,  by  reducing  properly  the  stee 
in  concrete,  we  obtain  a  solid  wholly  of  concrete  m  the  two  directions 
■which  are  of  interest  in  this  problem.  This,  of  ^7^^'  ^^  ^^f^^PJ^ 
mation,  but,  taking  into  consideration  the  great  difficulties  of  the 
problem,  the  writer  believes  that  it  is  permissible.  .     w    ,i 

The  tension  in  concrete,  as  Mr.  Godfrey  well  states,  undoubtedly 
plays  its  role  in  flat  slab  deformation;  and  this  is  also  a  reason  that 
Poisson's  ratio  cannot  be  ignored  in  this  problem. 

The  use  of  Equations  (12)  and  (17),  and  those  for  the  square  slab, 
can  be  made  by  practical  designe^s_withou^^ing  very  much  how 

-  r^ji^^^^fT^^^Theorie  der  Elasticitat  und  Festlgkeit,"  Berlin,  1878. 
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they  have  been  worked  out,  as  is  generally  the  case  with  formulas,  as    Mr. 
far  as  their  niatheniatical  derivation  is  concerned.  ''""  ' 

Tlie  writer  will  not  discuss  the  question  of  priority  in  the  method 
of  treating  a  slab  made  up  of  several  beams  lying  in  two  directions, 
as  mentioned  by  Mr.  Godfrey.  In  adopting  this  treatment,  the  writer 
never  claimed  originality. 

Starting  with  the  foregoing  assumption,  in  the  case  of  a  flat  .slab 
design,  the  fact  that,  in  a  square  slab,  each  middle  strip  at  its  middle 
square  unit  carries  one-half  the  uniform  load  is  self-evident,  and  the 

result  given  by  Equation  (1'2).  when  I  =  /,,  namely,  a  =  — ,  is  a  check 

of  that  equation,  rather  than  a  result. 

To  assume  that  the  end  moment,  3/p,  is  two-tliird-<  of  the  tixed-end 
condition,  as  has  been  done  by  the  writer,  is  similar  to — and  with 
nearly  the  same  degree  of  approximation — that  which  is  made  for 
fixed-end  beams,  in  order  to  take  care  of  the  one-panel  loading  con- 
dition. 

In  order  to  demonstrate  this  statement,  attention  is  called  to  the 
formulas,  for  instance,  for  the  square  slab  case.     There  the  numerical 

coeflicients    should    be  ^—  and (for    a    square   slab,  liowever, 

the  writer   has   thought   it  expedient  to   state  these  values   in   round 

figures,  namely,  - —  and  -— ,  in  order  to  memorize  them  more  easily), 

and  those  actual  values,  of  course,  must  be  taken  for  the  following 
demonstration. 

According   to    the   accepted   rule,   the   moments   for   a   beam   with 

assumed  fixed  ends  are  computed  on  the  basis  of  the  coefficients,  — 

and  —  (respectively  in  the  middle  of  the  span  and  on  the  supports). 

These  two  coefficients  give  the  following  results: 

1  1 

lO'       T 

■^''f'i_    _  0.S33 (b) 

12        10  ^  ^ 

and  the  coefficients  resulting  from  the  writer's  assumption,  remem- 
bering that  these  coefficients  enter  twice  into  the  calculation  of  the 
moments  for  the  same  panel,  will  give : 


-^-  +  —  =  0.183 (a) 

,10         12  ^    ^ 


( \ — ^  =  0.108 («') 

V 21. 33  -     26.94/ 

o^  ^i21_2  =  o.-9i on 

20.94       21.33  ^    ^ 
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Mr.  From  a  comparison  of  the  foregoing  equations,  (a)  with  (a')  and 

{b)  with  (&')»  it  will  be  seen  that,  even  though  the  writer's  assump- 
tion was  "very  rough",  it  would  not  be  any  rougher  than  that  usually 
made  for  fixed-end  beams.  Mr.  Godfrey's  remark,  therefore,  may  be 
regarded  as  a  little  precipitate. 

It  is  true  that  a  slab  supported  by  girders  on  all  edges  does  not 
find  many  users,  but  this  paper  is  simply  the  result  of  the  writer's 
designing  of  reinforced  concrete  floors,  built  years  ago,  according  to 
these  lines,  by  the  expressed  wish  of  the  owner,  and  it  was  thought 
that  the  results  might  be  useful  in  giving  some  hint,  as  stated  at  the 
end  of  the  paper,  as  to  a  correct  solution  for  flat  slab  floor  design. 

Undoubtedly,  as  Mr.  Godfrey  remarks,  we  are  badly  in  need  of 
serious  tests  in  this  line,  but  the  writer  is  afraid  that  this  will  never 
be  accomplished,  as  business  has  taken  such  a  firm  hold  on  the  whole 
question. 

Mr.  Goodrich's  contribution  shows  clearly  that  he  understands 
fully  the  spirit  of  the  paper.  The  writer  has  had  no  intention  of 
adding  any  formulas  to  the  more  or  less  empirical  ones  already  in 
existence,  many  of  them  misleading;  but  his  aim  has  been  to  show 
the  great  influence  of  the  elastic  displacements  of  the  supports  on 
the  values  of  the  bending  moments. 

It  has  not  been  without  a  great  deal  of  hesitation  that  the  writer 
has  undertaken  to  reply  to  Mr.  Jonson.  The  only  reason  which 
prompted  him  to  devote  some  time  and  space  to  this  purpose  has  been 
the  fact  that  his  silence  concerning  Mr.  Jonson's  remarks  might  be 
interpreted  as  an  acceptance  of  his  statements. 

Leaving  to  Mr.  Jonson  the  responsibility  for  his  statement  that  "the 
moment  of  inertia  is  not  only  a  constant,  but  also  a  function",  the 
writer  must  say  that,  when  Mr.  Jonson  brings  up  the  well-known 
question  of  the  variability  of  the  inertial  moment  of  the  reinforced 
concrete  section,  he  shows  quite  clearly  that  he  ignores  the  fact  that 
this  moment  of  inertia,  as  we  find  it,  and  as  it  was  agreed  on  years 
ago,  must  not  be  intended  for  each  and  every  stage  of  the  deflection 
of  the  beam.  • 

The  position  of  the  neutral  axis  in  the  cross-section  of  a  reinforced 
concrete  beam,  and,  consequently,  its  moment  of  inertia  with  respect 
to  it,  are  purely  conventional,  as  long  as  the  stresses  in  the  concrete 
and  steel  are  below  or  above  the  stresses  calculated,  but,  as  soon  as 
the  stresses  actually  in  the  beam  approach  those  calculated  at  that 
section,  the  actual  position  of  the  neutral  axis  is  very  close  to,  if  not 
coinciding  with,  that  assumed.  However,  if  there  is  any  discrepancy, 
the  usual  assumptions,  in  determining  the  position  of  the  neutral  axis, 
are  on  the  safe  side,  and  this  must  be  so  because  the  tension  in  concrete 
is  disregarded. 
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The  most  important  matter  in  designing  a  building  of  reinforced    Mr 


concrete  or  any  other  material  is  not  strictly  the  exact  correspondence 
between  calculated  and  actual  stresses,  but,  indeed,  the  safety  of  the 
building  itself. 

Designers  know  very  well  that  the  methods  used  in  designing  any 
kind  of  a  building  cannot  be  of  such  precision  that  they  can  be 
applied,  for  instance,  to  the  construction  of  a  Bauschinger's  Spiegel- 

apparat    measuring    — — —  mm.  of  deformation. 
5  000 

Neither  is  it  practical  to  design  and  construct  buildings  for  ordi- 
nary purposes  in  the  same  way  as  beams  and  floor  panels  would  be 
designed  and  built  in  a  laboratory  for  scientific  research. 

Mr.  Jonson's  attention  is  called  to  the  work  done  by  the  French 
Commission,*  which  was  formed  16  years  ago,  and,  after  6  years  of 
very  exhaustive  study,  published  the  results.  Incidentally,  in  the 
writer's  opinion,  this  work  so  far  has  been  unsurpassed,  either  in 
America  or  Europe. 

Mr.  Jonson  will  find  there  that  the  question  of  the  variability  of 
Ef.  has  been  thoroughly  investigated.  He  will  also  find  that,  in  addi- 
tion to  all  the  causes  bearing  on  this  variability,  mentioned  in  that 
work  and  repeated  now  by  him,  the  Committee  investigated  the  varia- 
tion of  this  modulus  due  to  the  method  of  concreting  (vertical  or 
horizontal,  post  or  beam) ;  or  due  to  the  personal  equation  of  laborers, 
etc.;  and,  finally,  he  will  find  that,  after  taking  into  account  all  pos- 

E 
sible   causes,  the  value  of  — ^  was    not   decided  on  as  a  real  constant 

^c  .     .  .  . 

quantity,  but  it  was  agreed  to  assume  8  and  15  as  minimum  and  maxi- 

E.  ^ 
mum  limits,  respectively;   and   this  range  of   values  for  -~  has  been 

.      <=    . 
generally  recognized  as  right,  even  after  later  tests  and  investigations. 

The  designer  may  make  the  choice — not  capricious,  but  judicious — 

E 

of   the    proper   value    of   — -^    according   to    the    circumstances.      The 

misjudgment  of  the  designer  or  of  some  building  law,  in  the  choice 
of  this  value,  Mr.  Jonson  will  agree,  cannot  be  imputed  to  theory. 

The  question  of  shrinkage  i^i  concrete,  as  affecting  the  working 
stresses  in  a  beam,  which,  from  Mr.  Jonson's  discussion  appears  to 
be  a  discovery  brought  up  by  him  for  the  first  time,  is  also  old;  in  fact, 
on  page  371  of  the  aforesaid  work  of  the  French  Commission,  the  first 
two  questions  which  the  Commission  proposed  to  investigate,  were  as 
follows : 

First. — "Quelle  est  I'importance  du  phenomene  du  retrait?" 

*  Commission  du  Ciment  Arme  :  Experiences,  Rapports,  et  Propositions,  Instruc- 
tions Ministerielles  Relatives  a  I'Emploi  du  Beton  Arme,  Paris,  1907. 
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Mr.  Second. — "Doit-on  en  tenir  compte  dans  les  calculs  de  resistance?" 

■  and,  on  the  same  page,  the  following  answer  is  found : 

"Tout  en  affirmant  le  fait  incontestable  quest  le  retrait,  la  Com- 
mission a  propose  d'autoriser  les  Ingenieurs  a  n'en  pas  tenir  compte, 
lorsq'lys  pourront  justifier  qu'il  ne  saurait  en  resulter  d'inconvenients 
et  il  parait  en  etre  generalement  ainsi  pour  les  supports  et  les  planchers 
interieurs  des  bdtiments  dont  les  dimensions  horizontales  ne  sent  pas 
grandes."  , 

The  date  of  this  report,  and  these  quotations,  will  dispose  of  any 
possible  doubt  as  to  whether  Mr.  Jonson,  having  looked  into  "the  entire 
theory  on  reinforced  concrete"  and  having  found  it  "rather  crude", 
has  brought  out  a  new  and  important  question. 

Mr.  Jonson,  the  writer  is  sure,  must  realize  that  the  guesswork 
advocated  by  him  in  predicating  the  position,  the  direction,  the  num- 
ber, and  the  size  of  cracks  in  a  restrained  reinforced  concrete  beam, 
does  not  and  cannot  interest  an  engineer  during  a  serious  technical 
discussion. 

As  he  is  attempting  also  to  introduce  a  new  method  of  designing, 
in  order  to  take  into  account  the  shrinkage,  as  he  says,  it  will  not  be 
amiss  to  show  that  this  method  is  wrong. 

To  start  with,  Mr.  Jonson  says  ''All  calculation  of  reinforced  con- 
crete made  on  the  assumptions  that  the  ratio,  n  or  E  divided  by  ^^, 
is  a  constant  are  unreliable",  and  rather  inconsistently  he  proposes 
the  use  of  formulas  in  which  this  very  ratio  appears,  with  the  addition 
of  a  certain  quantity,  m,  the  introduction  of  which  will  be  discussed 
later,  and  which  would  be  an  additional  uncertain  factor  in  designing. 

Apart  from  many  other  considerations,  however,  it  can  be  stated  that, 
from  what  Mr.  Jonson  says  and  proposes  to  do,  it  is  clear  that  he 
ignoi'es  that  theory  has  a  formula,  as  follows : 

N         M  , 

in  which  /  is  the  maximum  allowable  stress;  N,  the  compressive  or 
tensile  stress  along  the  beam;  A,  the  sectional  area;  M,  the  external 
moment;  h,  the  distance  between  the  farthest  fiber  and  the  neutral 
axis ;  and  /,  the  inertial  moment  of  the  section. 

Applying  this  formula  to  a  reinf(trced  concrete  beam,  when  it  is 
necessary  at  all,  the  stress  in  concrete  and  that  in  steel  can  be  com- 
puted, remembering  that,  for  practical  purposes  and  for  the  sake  of 
brevity,  the  second  term  of  the  second  member,  for  reinforced  concrete 
sections,  is  replaced  by  a  simpler  one. 

Assume  a  20-ft.  reinforced  concrete  beam,  with  a  section  of  24  by 
14  in.,  with  3.36  sq.  in.  of  steel  reinforcement;  and  assume  that  its 
length  is  kept  constant,  so  that  it  is  under  the  full  tension  caused 
by  the  unyielding  of  its  ends  during  its  setting. 
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As  the  cootlu-it'ut  of  the  .shrinkai,'e  is  known  to  I)e ,  this  beam,  ,^j,, 

2  000  •"'""'• 

after  setting,  is  actually  under  a  tensile  strain  of 

20  jVX20 

=  O.Ol  ft.,     O.Ol  = 


2  000  '2.-6H  X  144  000 

71.85(;  tons  per  sq.  ft.,  or  998  lb.  per  sq.  in. 


2.33 


so  that  each  square  inch  of  its  concrete  cross-section  would  be  under 
the  enormous  tension  of  998  lb. 

Concerning  the  steel  now,  it  is  observed  that  the  rise  in  temperature 
which  takes  place  during  the  setting  of  the  concrete,  will  increase  the 
length  of  the  reinforcement.  This  increase,  which  is  the  cause  of 
tension  in  the  steel  during  the  first  few  weeks  of  hardening  of  the 
concrete,  diminishes  gradually  with  the  further  shrinking  of  the  con- 
crete, and,  finally,  becomes  compression,  but  its  value  is  negligible 
for  all  practical  purposes. 

As  it  was  assumed,  however,  that  the  ends  of  the  beam  are  abso- 
lutely unyielding  horizontally,  it  must  be  assumed  (as  a  matter  of 
consistency)  that  the  increased  length  in  the  reinforcement  is  kept 
constant. 

Assuming,  say,  25°  Fahr.  as  the  rise  in  temperature  during  setting, 
and  assuming  0.0000067  as  the  coefficient  of  expansion  for  the  steel, 
the  tensile  stress  in  the  reinforcement  will  be  5  000  lb.  per  sq.  in. 

Now,  if  the  bending  moment  acting  on  this  beam  were  1 195  444 
in-lb.,  we  would  have  998  lb.  per  sq.  in.  compression  in  concrete,  and 
19  343  lb.  per  sq.  in.  tension  in  steel. 

Adding  algebraically  these  stresses  to  those  .  found  in  the  case  of 
plain  tension,  we  will  have  0  lb.  per  sq.  in.  compression  in  concrete, 
and  24  343  lb.  per  sq.  in.  tension  in  steel. 

Furthermore,  with  a  moment  M  =  679  800  in-lb.,  we  will  have 
the  total  stresses  in  the  concrete  and  steel  as  follows :  minimum  ten- 
sion in  concrete  431  lb.  per  sq.  in.,  and  tension  in  steel  16  000  lb. 
per  sq.  in. 

These  results,  which  are  strictly  correct,  according  to  the  assump- 
tion made  (horizontally  unyielding  beam  ends),  need  no  further 
comment. 

Everybody,  even  those  not  thoroughly  familiar  with  concrete  con- 
struction, knows  that,  in  common  cases,  the  unyielding  of  the  beam 
ends  is  not  possible,  due  to  the  elastic  deformation  of  the  whole  con- 
struction, by  which,  providentially,  the  entire  system  takes  up  a  con- 
dition of  reciprocal  adjustment  among  its  various  elements. 

The  absence  of  any  perceptible  crack  in  the  great  majority  of  rein- 
forced  concrete   beams   clearly   supports   this   assertion;    therefore,   it 
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must  be  assumed  that,  if  there  is  any  initial  tension,  it  must  be  quite 
negligible  in  ordinary  cases. 

If,  however,  peculiar  conditions  of  the  building  make  it  advisable 
to  take  into  consideration  the  tension  due  to  shrinkage,  then  the  theory 
has  already  everything  that  is  needed  by  the  designer  for  this  purpose, 
as  has  been  shown. 

In  order  to  prove  further  that  Mr.  Jonson's  theory  is  not  only  un- 
necessary, but  is  altogether  wrong,  attention  is  called  to  the  following 
facts : 

For  the  action  of  the  axial  tension  (or  compression)  and  that  of 
a  moment  on  a  solid,  may  be  substituted  the  action  of  an  eccentric 
tension  (or  compression),  so  that,  admitting  the  necessity  seen  by  Mr. 
Jonson  of  taking  into  account  in  all  cases  the  effects  of  shrinkage, 
the  beam  is  to  be  regarded  as  a  post  (with  eccentric  negative  com- 
pression). ^„ 

Everybody  knows  that  the  position  of  the 
neutral  axis,  that  is,  the  value  of  Ic,  in  this 
case,  is  given  by  an  equation  of  the  third 
degree,  or,  more  speedily,  by  a  certain  graphi- 
cal construction,  but  Mr.  Jonson  obtains  for 
Tc  an  equation  of  the  second  degree  and  one 
of  the  first  degree  (his  Equations  (2)  and 
(7)),  ad  libitum. 

It  can  easily  be  seen  that  the  diagram,  Fig. 
3,  is  dra^vn  incorrectly,  and  therefore  that  the 
values  of  k  are  also  incorrect. 

That  diagram  being  incorrect   (as  will  be 
demonstrated),  Mr.  Jonson's  Equation   (1)   is 
incorrect,  and  so  are  all  the  succeeding  equations  which  are  derived 
either  from  his  Equation  (1)  or  from  Fig.  3. 

Let  S^-S^  (Fig.  16)  be  the  section  of  the  beam  imder  consideration; 

this  section  is  under  the  action  of  a  bending  moment,  the  diagram  of 

Jc  '^ 
which  may  be  represented  by  a  straight  line,  A-B,  where    S^-B  =  -^- 


FlG.    16. 


/. 


is  the  maximum 


is  the  maximum  compressive  stress,  and    A-S^^ 

tensile  stress  (or  their  proportional  variations  of  length),  and  the 
value  of  k^  can  be  found  by  the  usual  methods.  (Analytically,  the 
value  of  k^  is  given  by  an  equation  of  the  second  degree.)  The  axial 
tensile  force,  acting  on  the  section,  8^-8^^,  will  simply  bring  that 
section  to  a  parallel  position,  8^-80- 

The  diagram,  therefore,  of  these  two  combined  actions,  will  be 
represented  by  A-S^-8^-B-A,  and  the  value  of  k^,  which  corresponds 
to  k  in  Fig.  3,  is  given,  as  stated  previously,  by  a  third  degree  equation 
only.  A  comparison  of  Fig.  16  with  Fig.  3  will  quickly  show  the 
mistake. 
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Having  demonstrated  that  the  theory  advanced  by  Mr.  Jonson  is  Mr. 
"fundamentally  wrong",  and  that  the  real  theory  is  quite  able  to  take  ' 
care  of  shrinkage  when  that  is  necessary ;  and  after  having  called  atten- 
tion to  the  fact  that  this  problem  is  not  new,  as  it  was  studied  ex- 
haustively 16  years  ago,  the  writer  thinks  it  expedient  to  disregard  all 
^Ir.  Jonson's  other  remarks  in  this  line,  for  the  sake  of  brevity,  and 
also  because  the  statements  and  results,  being  on  a  false  premise,  must 
be  wrong,  and  to  reply  to  his  discussion  having  direct  bearing  on 
the  paper. 

The  writer  agrees  with  Mr.  Jonson  that  the  moments  of  inertia 
cannot  be  the  same  in  both  directions,  because  the  steel  is  not  at  the 
same  altitude  in  the  two  systems;  but  if  Mr.  Jonson  thinks  that  the 
percentage  of  steel  is  very  sm^ll,  and  its  size  also,  he  will  see  that 
this  is  an  approximation  which  may  be  allowed.  In  computing  the 
moment  of  inertia  of  a  reinforced  concrete  section,  with  a  small 
quantity  of  steel,  the  steel  may  be  disregarded  entirely. 

If,  however,  a  more  exact  result  is  desired.  Equation  (12)  may  be 

corrected  by  a  factor,  I  =  -j-  where  I^  is  the   nioment  of  inertia  in 

one  direction,  and  /.,  that  in  the  other. 

The  writer  certainly  cannot  agree  with  Mr.  Jonson's  statement: 
"economy  demands  that  less  reinforcement  be  used  longitudinally  than 
transversely".  In  fact,  the  moments  at  the  center  of  each  middle  beam 
in  a  panel  and  those  on  the  supports  are  tied  together  by  the  relations : 

Mq  _     V  (7  +  43  a) 
M'o  ~  ^7  (50  — 43  a) 

Mp  Z^l  +  4  a) 


M'c        \^  (5  —  4  a) 


1 


As  stated  in  the  paper,  the  value  of  a  may  vary  between   _  and  1, 

and  inspection  of  the  expressions  mentioned  shows  that  the  maximum 
moments  are  on  the  shorter  span;  therefore,  a  larger  quantity  of  steel 
must  be  used  in  that  direction.     Thus  "economy  demands"  nothing; 
it  is  only  a  matter  of  results  obtained  by  theory. 
Mr.  Jonson  says : 

"The  author's  method  implies  the  assumption  that  all  moments  are 
at  a  maximum  when  the  entire  floor  is  covered  by  the  live  load.  This 
assumption  is  erroneous." 

Then  he  gives  the  well-known  "recipe"  for  obtaining  the  maximum 
moments  in  continuous  beams,  which  he  thinks  the  writer  should 
have  followed  in  order  to  be  correct. 
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not  hold  good  when  the  supports  are  elastic,  that  is,  when  they  are 
displaced  vertically  under  the  loading.  In  fact,  let  Fig.  17  represent 
the  middle  beam  inider  consideration  in  the  paper,  and  suppose  that 
C  and  D  are  unyielding;  then,  assuming  that  only  the  span,  C-D,  is 
loaded,  and  applying  the  theorem  of  three  moments*  to  the  supports, 
A,  G,  and  D,  and  remembering  that  the  moment  at  A  is  zero,  and  that 
the  moments  at  C  and  1),  by  symmetry,  are  equal,  we  will  obtain,  with 
the  same  unit  load  as  in  the  application  treated  before : 

188  lb.  (live  load)  =  800  lb.  (total  load)  —112  lb.  (dead  load), 

Mc  =  o  4l4ft-lb., 

and,  therefore,  the  moment,  M^,  at  the  center  of  the  span,  G-D^  will 
be  given  by: 

Mo  =  ^  X  188  X  ('24)-  —  .-,  414  =  8  122  ft-ll). 
o 

If  these  results  are  compared  with  those  obtained  by  the  writer, 
V.  hen  he  took  into  consideration  the  yielding  of  the  supports,  G  and  D, 
as  must  be  done,  the  value  of  Mr.  Jonson's  remark  will  undoubtedly 
be  realized. 


Incidentally,    it    may    be   noted   that 


-24- 
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his  statement  concerning  the  most 
critical  condition  of  partial  loading 
is  the  very  thing  brought  out  by 
applying  the  theorem  of  three  moments  to  a  continuous  beam, 
although  Mr.  Jonson  states,  a  few  lines  before  this  remark,  that  "the 
theorem  of  three  moments  cannot  be  applied  to  reinforced  concrete, 
nor  any  other  method  which  deals  in  deflection  components."  In  this, 
assuredly,  there  is  also  lack  of  consistency. 

It  is  difficult  to  understand  why,  as  Mr.  Jonson  states  (the  slab 
being  regarded  as  having  fixed  edges,  and  its  elastic  curve,  con- 
sequently, being  a  reversed  one),  the  law  of  variation  of  loading  "is 
more  closely  approximated  by  a  straight  line  from  end  to  middle  than 
by  a  parabola";  indeed,  it  is  the  writer's  opinion  that  this  remark  is 
altogether  whimsical.  In  order  to  support  this  statement,  however, 
Mr.  Jonson  makes  the  following  remark :  '"'The  latter  [the  parabolic 
law]  would  be  the  proper  approximation  for  a  non-continuous  slab 
merely  supported  along  its  edges". 

As  a  matter  of  fact,  if  the  parabolic  law  is  the  proper  approxima- 
tion for  a  non-continuous  slab,  it  must  be  also  for  a  continuous  slab. 
In  fact,  let  A-B-G  (Fig.  18)  be  the  parabola  of  bending  moments  for 
the  beam,  A-G ,  with  the  assumption  that  this  beam  is  supported 
freely  at  its  ends,  and  that  the  parabolic  law  of  loading  is  adopted. 

*  The  propriety  of  applying  this  theorem  will  be  discussed  later. 
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If  it  is  supposed  iu)w  that  its  ends  are  fixed,  the  diagram  of  bending    Mr. 
moments  Avill  be  obtained,  as  shown  by  A'-B'-C'-E-D.     The  line,  D-E, 
is  to  be  determined  by  proper  methods,  and  the  parabohi,  A'-B'-C,  is 
determined  by  the  assumption  that  the  beam,  A'-C,  is  freely  suppcn-ted; 
therefore,  this  parabola  must  be  the  same  as  A-B-C. 


Fig.   18. 


This  question  being  settled,  on  the  basis  of  theory,  the  writer  thinks 
it  expedient,  in  order  to  justify  his  assumption  of  the  parabolic  law, 
instead  of  the  linear  law,  to  show  the  behavior  of  the  deformed  axis  of 
the  same  beam,  subject  to  both  a  parabolic-law  and  a  linear-law 
loading. 

Fig.  19,  obtained  by  Mohr's  method,  gives  all  the  information 
necessary.  Both  diagrams  represent  the  same  beam,  loaded  first  with 
a  parabolic-law  loading  and  then  with  the  same  total  load,  but  dis- 
tributed, as  Mr.  Jonson  says  it  should  be. 

The  parabola,  C-O-D,  represents  the  parabolic  law  of  distribution 
of  the  loading,  and  E-O-F,  the  other  assumption  of  distribution. 

By  using  the  same  scale  in  the  graphical  constructions  of  the 
moment  diagrams  for  both  hypotheses,  by  taking  the  same  polar  dis- 
tances in  both  cases  and  in  each  instance,  we  obtain  the  same  dis-  • 
torted  scale  for  the  two  diagrams  representing  the  deformed  axis  of 
the  beam,  and,  therefore,  a  comparison  between  them  is  made  at  a 
glance. 

If  reliable  tests  were  made,  it  would  be  possible  to  state  something 
definite  concerning  the  degree  of  approximation  of  the  two  assumptions 
of  loading;  since,  however,  such  tests  are  lacking,  it  may  be  said  that 
the  writer's  assumption,  already  used  by  others,  on  the  hypothesis  of 
loading,  is,  at  least,  as  good  as  that  suggested  by  Mr.  Jonson,  without 
substantiating  it  in  any  way. 

Incidentally,  it  will  be  remarked  that,  in  assuming  the  parabolic 
law,  the  writer  followed  the  very  method  just  shown  and  found  no 
reason  to  change  what  already  had  been  done. 

Mr.  Jonson,  it  seems  to  the  writer,  is  rather  concerned  that  the 
paper,  in  some  points,  does  not  convey  his  (Mr.  Jonson's)  ideas,  but 
the  writer's  ideas,  and,  accordingly,  he  attempts  to  correct  what  he 
thinks  is  erroneous. 
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"The  statement  on  page  1690*  that  Hhese  beams,  a  and  h,  are  carry- 
ing the  same  uniform  load'  is  erroneous.  The  author  probably  intended 
to  say  'because  the  beams,  a  and  h,  deflect  the  same,  although  their 
lengths  are  different,  they  cannot  carry  the  same  load.' " 

The  writer,  however,  stated  correctly  what  he  meant,  for,  in  this 
case,  he  referred  to  uniform  load,  and  not  total  load.  Attentive  read- 
ing of  the  second  paragraph  on  the  same  page  would  show  that  the 
writer  refers  to  Beams  a  as  a  system,  comparing  them  among  them- 
selves; the  same  being  done  for  Beams  6  of  the  other  system. 

The  writer  is  unable  to  understand  how  Mr.  Jonson  found  out 
that,  in  a  square  slab,  designed  by  the  writer's  method,  the  quantity 
of  steel  required  would  be  about  one-third  more  than  in  a  slab  designed 
for  a  one-way  reinforcement,  for  figures,  which  are  not  a  matter  of 
personal  opinion,  give  altogether  opposite  results.  In  fact,  the 
formulas  given  in  the  paper  for  the  square  slab  are: 

M  =^  ^'  w  l"^  ?ii  center, 
21 

ilf '  =  —  -!«  P  on  supports. 

Taking  the  quantity  of  steel  as  a  certain  ratio  of  the  moments,  it  will 
be  found  that  the  total  steel  in  the  two  directions  at  the  center  of  the 

middle  beam  will  be  proportional  to .     On  the  supports,  likewise, 

the    total   quantity   of   steel    in   both    directions   will   be   proportional 

1 

to . 

13.5 

According  to  building  ordinances,  the  quantity  of  steel  for  one-way 
reinforcements  must  be  proportional,  respectively,  to  —  and  — ;  there- 
fore, the  economy  is  quite  evident. 

There  is  another  consideration,  however;  the  quantity  of  steel 
required  for  a  two-way  reinforcement  is  referred  only  to  the  middle 
1-ft.  beam  in  each  direction;  but  it  would  be  progressively  excessive 
in  going  toward  the  supports.  It  might  be  diminished  by  a  parabolic 
law  or  a  linear  law  without  any  difficulty,  taking  into  consideration,  of 
course,  the  practical  side  of  the  question. 

The  writer  cannot  agree  with  Mr.  Jonson  who  thinks  that  the 
solution  of  a  technical  question  must  depend  on  the  building  law; 
the  writer's  opinion  is  just  the  reverse.  Building  laws,  as  a  rule,  are 
formulated  on  theoretical  truths,  and,  even  then,  are  not  intended  to 
be  textbooks,  by  any  means;  and  that  thoroughly  theoretical  truths 
should  be  barred  from  the  solution  of  a  technical  question,  just  because 

*  Proceediiic/s.  Am.  Soc.  C.  E.,  for  February,  1916. 
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«      "   Load        1  in.=3001b. 


Fig.  19. 
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somewhat  ridiculous. 

By  far  the  most  interesting  part  of  Mr.  Jonson's  discussion  is  that 
which  deals  with  a  certain  graphical  construction  which,  according  to 
his  judgment,  should  be  followed,  in  order  to  avoid  "the  illegitimate 
use  of  the  theorem  of  three  or  of  four  moments." 

In  order  to  be  clear,  the  writer  will  devote  a  few  words  to  the  use 
of  the  theorem  of  three  moments,  and  will  demonstrate,  incidentally, 
that  its  use  in  the  case  considered  by  him  in  the  paper,  was  quite 
legitimate.  He  will  then  deal  with  what  Mr.  Jonson  calls  "the  theorem 
of  four  moments"  and  its  quite  correct  application  to  reinforced  con- 
crete girders;  finally,  the  graphical  method  proposed  by  Mr.  Jonson 
will  be  taken  up,  with  some  of  its  astounding  consequences. 

Evidently,  when  Mr.  Jonson  says  that,  on  account  of  the  variability 
of  the  moment  of  inertia  in  a  reinforced  concrete  girder,  the  application 
of  the  theorem  of  three  moments  is  "illegitimate",  he  either  forgets  or 
ignores  two  fairly  important  facts :  The  first  is  that  the  theorem  of 
three  moments  may  be  extended  legitimately  to  the  case  in  which  the 
moment  of  inertia  of  a  girder  is  variable;  and  this  is  done  by  the  theory 
of  virtual  work.  This  theorem  has  progressed  somewhat  since  Clay- 
peron,  in  1857,  first  gave  his  simplified  solution  of  this  problem. 

The  second  fact — and  this  is  the  ordinary  case  in  reinforced  con- 
crete construction — is  that,  in  the  case  of  supports  on  the  same  level, 
,  the  last  term  of  the  equation  of  the  theorem  of  three  moments,  which 
would  bring  forth  the  moment  of  inertia  of  the  cross-section,  dis- 
appears. 

The  values  of  the  moments  on  supports,  for  girders  of  various 
spans,  are  already  calculated  in  engineering  handbooks,  and,  of  course, 
v,?ithout  any  moment  of  inertia  to  be  substituted  in  them.  Hence, 
admitting  only  for  a  moment  that  a  reinforced  concrete  girder  is 
freely  supported  at  several  points  of  its  length,  no  matter  whether  the 
moment  of  inertia  is  constant  or  variable,  and  no  matter  also  whether 
or  not  its  supporting  points  are  on  the  same  level,  the  equation  of 
three  moments  may  be  used  legitimately;  this  is  as  far  as  the  general 
theory  of  this  theorem  applies. 

The  writer  will  now  justify  the  use  of  this  theorem  in  the  paper: 
It  will  be  noticed  that  the  beam,  A-C-D-B,  rests  freely  on  four  sup- 
ports, since  the  sections  of  this  beam  on  the  supports.  A  and  B,  are 
admittedly  free  to  have  whatever  very  small  rotation  may  take  place 
on  account  of  the  deflection  of  their  own  spans,  and  since  the  supports 
at  C  and  D  are  not  less  loose,  according  to  the  temporary  assumption, 
than  at  A  and  B.  One  should  not  take  seriously  the  question  of  "tor- 
sional resistance"  of  the  supporting  girders  at  C  and  D,  especially 
when,  as  it  is  assumed,  the  beam,  A-C-D-B,  is  unloaded. 
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Furthermore,  the  theorem  of  three  moments  has  been  used  in  order 
to  liud  3/"(.,  that  is,  the  moment  at  C  when  the  assumed  vertical  dis- 
phicemejit  takes  place,  and  this  quite  independently  of  any  hypothesis 
of  loading  for  the  beam  itself.  In  other  words,  having  the  supports, 
A,  C.  D,  and  B,  on  the  same  level,  and  the  beam  unloaded,  if,  for  some 
reason,  the  supports,  C  and  D,  give  way  vertically,  a  certain  moment 
will  appear  at  C  and  D ;  this  is  the  moment  found  by  the  writer  by  a 
(luite  legitimate  use  of  the  theorem  of  three  moments. 

Mr.  Jonson  directs  attention  to  what  he  calls  "the  theorem  of 
four  moments",  and  gives  information  concerning  a  paper  presented 
by  him  before  this  Society  dealing  with  the  subject.  The  writer  has 
examined  the  paper  referred  to  and  finds  that  it  deals  with  the  analyti- 
cal solution  of  the  problem  of  finding  the  moments  in  a  girder  stiffly 
connected  to  its  supports.  This  problem  was  treated  by  W.  Kitter*  in 
1900;  Mr.  Jonson's  paper  appeared  in  1905.  It  can  be  added,  also,  that 
some  diagrams  in  this  latter  paper  are  incorrect.  The  reader  may 
draw  his  own  conclusions. 


Mr. 
.Janni. 
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A  few  words  will  now  be  devoted  to  the  solution  of  the  problem 
involved  in  the  case  of  a  girder  stiffly  connected  at  various  points  of 
its  length. 

There  are  two  different  and  mathematically  correct  solutions  of 
this  problem.  One  is  a  graphical  solution  by  the  method  of  the  ellipse 
of  elasticity,  and  the  other  is  analytical,  following  Hitter's  theory  on 
this  subject,  as  published  in  the  book  quoted. 

For  practical  purposes,  the  graphical  method,  which  is  applied  in 
a  manner  similar  to  that  used  in  the  case  of  continuous  elastic  arches 
resting  on  elastic  piersf,  is  (contrarily  to  what  happens  in  the  case  of 
an  arch  system)  to  be  discarded  when  the  elastic  system  has  more  than 
two  spans. 

Hitter's  analytical  method  may  be  followed  in  every  instance.  Evi- 
dently, the  moment  developed  by  the  post  will  be  equal  to  the  difference 
between  the  two  moments,  one  at  the  section  of  the  girder  immediately 
on  the  left,  and  the  other  at  the  section  immediately  on  the  right,  of 
the  support.  This  difference  between  each  couple  of  the  similar  sec- 
tions at  each  support  causes,  at  each  of  these  points,  a  sudden  vertical 
step  in  the  diagram  of  the  moments,  as  is  shown  in  Fig.  20. 

*  W.  Rltter,  "Der  Kontinuirliche  Balken",  1900. 

t  G.  A.  Hool,  "Reinforced  Concrete  Con.otruction",  Vol.  Ill,  1916. 


Mr. 
Janni. 
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This  calculation,  in  the  case  of  a  girder,  as  it  has  been  assumed, 
is  not  a  luxury  of  theory;  it  is  purely  a  necessity  of  design.  It  should 
be  made  in  order  to  take  into  account  the  real  conditions  of  the  elastic 
system.  It  is  the  aim  of  theory  to  simplify  things  as  much  as  is  con- 
sistently possible,  but  when  a  problem  involves  methods,  which,  per- 
haps, are  still  a  little  outside  of  the  every-day  routine  designer's  reach, 
engineers  cannot  sacrifice  their  pride  to  "rules-of-thumb".  To  dis- 
regard the  moments  in  posts  stiffly  connected  to  a  girder  (and  usually 
concrete  girders  are  in  this  condition  when  supported  by  concrete 
posts)  is  an  error  of  design  which  should  be  avoided. 

The  last  point  which  the  writer  will  take  up  is  the  graphical  con- 
struction suggested  by  Mr.  Jonson  for  the  design  of  a  three-span  con- 
tinuous girder. 


Fig.  21. 

Fig.   21  is  simply  a  representation  of  the  graphical   construction 
suggested  by  Mr.  Jonson,  and  transmitted  to  the  writer  by  him. 
On  page  775,*  Mr.  Jonson  states: 

"The  correct  method  of  calculating  such  a  girder  is  much  simpler 
than  by  the  illegitimate  use  of  the  theorem  of  three  or  of  four  mo- 
ments. Construct  a  static  moment  diagram  on  each  span  as  if  it  were 
discontinuous.  Then  divide  the  diagram  of  the  long  span  by  a  straight 
line  in  such  a  way  that  the  positive  moment  at  the  middle  of  the  sus- 
pended span  is  numerically  equal  to  the  negative  moment  in  the  double 
cantilever  over  the  column.  Then  draw  a  horizontal  line  representing 
the  negative  moment  across  the  middle  span,  and  the  area  included 
between  this  line  and  the  first  moment  curve  will  be  the  true  moment 
diagram.  The  point  at  which  the  first  straight  line  intersects  the  mo- 
ment curve  of  the  side  span  is,  of  course,  the  point  at  which  the  rein- 
forcement should  cross  the  center  line." 

It  is  granted  that  this  graphical  solution  is  "simpler"  than  the 
application  of  the  theorem  of  three  moments,  or  that  which  takes  into 
consideration  the  moments  due  to  the  post  connection;  unfortunately, 
however,  this  is  not  a  solution,  but  is  something  never  heard  of  before. 
Suppose  that  the  span,  A-B,  remains  constant  in  length,  and  that  the 
length  of  the  span,  B-0,  increases  gradually.  According  to  this 
graphical  construction,  the  moment  at  B  will  be  always  the  same  (that 

•  Proceedings,  Aisa.  Soc.  C.  E.,  for  May,  1916. 
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is,  B-F),  since  the  post,  B,  does  not  move;  therefore,  no  matter  how    Mr. 
long  B-C  becomes,  its  moments  at  its  supports  will  be  constant,  and 
their  value  will  be  controlled  solely  by  the  preceding  span,  A-B. 

Mr.  Eddy's  discussion  may  be  divided  into  two  parts:  In  the  first 
he  states  that  the  fundamental  equations  of  the  paper  are  wrong,  since 
they  do  not  agree  with  Equations  (1)  of  his  discussion,  which,  as  he 
says,  are  the  equations  for  a  flat  slab  in  their  most  general  form.  In 
the  second  part  he  remarks  that,  since  the  mathematical  working  out 
of  the  formula  is  also  wrong,  the  results  do  not  deserve  great  confi- 
dence. 

Before  proceeding  any  farther  with  this  part  of  the  discussion, 
the  writer  wishes  to  ask  Mr.  Eddy  whether  he  is  sure  that  his  Equations 
(1),  as  interpreted  by  him,  are  the  correct  moment  equations  for  the 
flexure  of  a  plate  or  slab,  and  that,  as  such,  they  "have  been  accepted 
universally  as  valid,  and  have  never  been  disputed  by  any  competent 
writer  V 

Furthermore,  is  he  sure  that  in  these  equations  due  consideration 
is  given  to  shear? 

If  we  tiike,  for  instance,  the  first  of  Equations  (1),  we  note  that  it 
is  the  sum  of  two  equations,  namely : 


M,  =  ±E  1 


K  3f^=  ±  E  I 


f?2 


d  y'^ 


The  first  is  the  differential  equation  of  the  elastic  line  due  only 

to  the  longitudinal  deformation,  by  compression  and  tension,  in  the 

various  fibers  of  the  beam,  caused  by  the  moment,  M^;  the  second 

equation  gives  the  algebraic  additional  deformation  of  the  elastic  line 

due  to  the  cross-deformation  of  the   same  longitudinal  fibers  of  the 

beam,  as  is  shown  by  the  presence  in  this  equation  of  the  ratio,  K^ 

d^  z 
and  of  the  expression, ^r. 

dy 

Since,  as  is  very  well  known,  the  first  of  these  two  equations  is 
quite  independent  of  shear,  Mr.  Eddy  should  have  devoted  a  few  words 
to  the  justification  of  his  statement  that,  at  least,  the  second  equation 
contains  shear.  It  would  be  very  interesting  to  see  how  Mr.  Eddy 
could  discover  the  shear  in  an  equation  in  which  the  second  member 
is  purely  a  differential  geometrical  expression  multiplied  by  a  numeri- 
cal constant,  E  (which  constant  refers  only  to  compression  and  ten- 
sion), and  by  a  geometrical  (or  numerical)  quantity,  I,  and  the  first 
member  contains  a  certain  numerical  quantity,  E,  due  to  tension  or 
compression,  and  a  moment,  M  ,  which  has  nothing  to  do  with  shear. 
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Mr.  An  assertion  such  as  that  made  by  Mr.  Eddy  is  very  grave,  and 

'^^''°'-  cannot  be  passed  without  being  pointed  out. 

As  a  matter  of  fact,  Equations   (1),  with  the  interpretation  given 
by  Mr.   Eddy,  are  quite  independent  of  each  other  as  long  as  some 

(i:^  z       d-  z      . 
kind   of    relation   among    the    expressions,  -j^,    -j^,    i«    not    given. 

They  represent  the  deflections  of  two  beams  which  deflect,  one  under 
the  action  of  the  moment,  M„  and  the  other  under  the  action  of  the 
moment,  M„  and  this,  contrary  to  what  Mr.  Eddy  has  asserted,  is 
quite  independent  of  shear;  therefore,  they  are  not  generaL 

These  beams,  on  account  of  the  same  notations,  x,  y,  z,  might  be 
supposed  to  cross  each  other  normally  at  some  point  of  their  spans. 

Assuming,  as  it  is  legitimate  to  do,  that  they  be  applied  to  the  ideal 
beams  in  our  case,  the  writer  will  show  that  the  fundamental  equations 
of  the  paper  agree  with  the  equations  as  given  by  Mr.  Eddy,  and  that 
the  mathematical  working  out  of  the  formulas,  derived  from  the 
equations  given  by  the  writer,  is  correct.  In  fact,  taking,  for  mstance, 
the  first  of  these  two  equations, 

,,l^z        ,.'?'  2\ 

we  see  that  the  term,  K^^,.  of  the  second  member  refers   entirely   to 

the  vertical  deflection  of  the  ideal  beam,  due  solely  to  the  lateral  (or 
horizontal)  deformation  of  the  cross-section  of  the  ideal  beam  m  that 

part  of  the  slab.  ,         , 

This  lateral  deformation  has  been  logically  stated  to  be  zero,  on 
account  of  the  working  conditions  of  the  ideal  beams  of  System  a  in 
connection  with  those  of  System  h,  therefore  this  equation,  applied  to 
the  middle  beam  of  one  of  the  two  systems,  becomes: 

This  being  the  deflection  at  the  end  of  the  cantilever,  the^work  of 
deformation  of  the  entire  cantilever,  between  the  limits,  0  and  -,  will  be 
given  by :  , 

Substituting  for  K  its  classical  form,  -,  we  obtain, 
n  ',  m'  -  1  ^  M'  .  d  x 

which  is  identical  with  Equation  (2)  in  the  paper. 
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It  is  demonstrated,  therefore,  that  Equation  (2)  is  correct,  and,  of  Mr. 
course,  agrees  with  the  equations  given  for  this  case  of  deiiection.  ' 
In  exactly  the  same  way  we  might  proceed  for  the  other  equation  of 
the  system  given  by  Mr.  Eddy,  when  it  is  applied  to  the  other  middle 
beam  of  the  other  system  of  beams.  Having  demonstrated  the  cor- 
rectness of  the  writer's  Equation  (2),  it  follows  that  Equations  (10) 
and  (11)   are  correct  also. 

The  writer  certainly  is  indebted  to  Mr.  Eddy,  as  his  erroneous 
remark  has  given  the  writer  the  opportunity  of  deriving  his  Equation 
(2)  in  an  entirely  different  way. 

It  is  rather  interesting  to  observe  that,  though  Mr.  Eddy  had  found 
out  that  "The  fundamental  equations  used  by  Mr.  Janni  differ  from 
these  [Equations  (1)  of  Mr.  Eddy]  in  reality  only  in  one  point,  namely, 
by  suppressing  and  leaving  out  the  last  term  of  each  of  them",  he  did 
iiot  stop  to  think  about  the  mathematical  meaning  of  this  suppression, 
but  confined  his  investigation  purely  to  a  clerical  check.  He  says : 
''Mr.  Janni  in  his  mathematical  work  has  chosen  to  develop  the  sub- 
ject by  attempting  to  modify  and  apply  the  equations  of  Professor 
Fraenkel  for  beams.     *    *    *." 

This  remark  is  preposterous.  As  a  matter  of  fact,  there  are  no 
such  equations  as  "equations  of  Professor  Fraenkel"  on  this  subject, 
and  the  writer  is  very  much  surprised  at  the  statement. 

What  Mr.  Eddy  calls  "equations  of  Professor  Fraenkel"  are  merely 
the  equations  on  the  deflection  of  a  beam  in  their  most  general  form, 
derived  by  applying  the  law  of  virtual  work,  which  any  good  book  on 
the  subject  reports,  just  to  show  that  it  is  possible,  by  that  method,  to 
generalize  the  equations  on  deflection,  in  the  same  way  as  the  theorem 
of  three  moments  by  this  same  law  has  been  generalized  and  made 
applicable  in  the  case,  for  instance,  of  a  variation  in  the  cross-section 
of  a  continuous  beam. 

Mr.  Eddy,  in  making  this  statement,  is  crediting  Professor 
Fraenkel  with  a  paternity  of  which  the  latter  never  dreamed. 

Mr.  Eddy  says: 

"These  errors  in  Equations  (1)  and  (2-)  are  curiously  so  related, 
The  one  to  the  other,  that  Equation  (3)  is  the  same  as  would  be  ob- 
tained were  the  alterations  just  pointed  out  made  in  Equations  (1) 
and   (2)." 

It  has  been  already  demonstrated  that  Equation  (2)  is  correct,  and 
it  will  be  shown  presently  that  this  is  the  case  also  with  Equation  (1). 

Among  the  most  remarkable  theorems  demonstrated  by  the  law  of 
virtual  work,  there  is  one,  by  Castigliano,*  called  "Theorem  on  the 

*  Castigliano,  "Teoria  dell'  equilibrio  del  sistemi  elastici  e  sue  applicazioni", 
Torino.  1879.  The  original  Italian  work  is  not  available,  but  there  is  a  French 
translation. 
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Mr.     derivative  of  work".     This  theorem  has  demonstrated  the  correctness 
''''""'■  of  the  expression: 

«  =  ^- 

d  F 

It  may  be  explained  as  follovrs :  The  displacement,  D,  of  a 
point  of  an  elastic  system  along  the  direction  of  an  ideal  force  act- 
ing on  this  point,  is  given  by  the  partial  derivative,  with  respect  to  the 
applied  ideal  force,  of  the  work  of  deformation  of  the  entire  system. 
Incidentally,  it  can  be  safely  stated  that  this  theorem  and  the  peculiar 
form  of  the  foregoing  expression  are  familiar  to  anybody  who  has  had 
even  the  slightest  acquaintance  with  the  theory  of  virtual  work.  It  is 
hoped  that  this  is  enough  to  substantiate  the  strict  correctness  of 
Equation  (1),  without  inserting  in  these  conclusions  a  couple  of  pages 
of  theory  taken  from  some  textbook. 

Mr.    Eddy    furthermore    states    that    there    is    no    proof   that    the 

equation,  /  —  =  (1  —  K^)  Jkf,  is  given  by  any  known  theory.  It  will  be 
demonstrated  that  the  theory,  on  the  writer's  assumptions,  gives  this 
equation  as  correct.     In  fact,  taking  the  equation,  Cj  = ^       X  -^, 

already  given  herein,  and  observing  that  E  e^   =^  f  and  /,  =  — — -,  we 

may  write  : 

'   I  m^  —  1  ,^ 

f  -jT    =    2—  ^ 

h  m^ 

which  demonstrates  that  the  general  equation  for  the  deflection  has 
been  given  correctly  by  the  writer.  Mr.  Eddy  can  hardly  expect  to 
have  reported  by  theory  all  possible  equations  for  all  possible 
hypotheses ;  it  is  very  often  the  task  of  the  engineer  to  derive  equations 
for  each  particular  case. 

Mr.  Turner's  Equations  (1)  and  (2),  with  the  interpretation  given 
by  him,  are  not  "the  fundamental  equations  of  extensional  stress  and 
strain  established  a  generation  ago  and  accepted  by  Grashof  and  all 
authorities  on  the  subject,  since  then". 

In  the  first  place,  the  general  equations  to  which  Mr.  Turner 
refers  are  three,  and  not  two,  namely : 

Ee,  =  p,—Ep,  \ (34) 

Ee,  =  -(p,+p,)E) 

They  are  obtained  by  considering  the  equilibrium  of  a  small  cube 
(element),  two  faces  of  which  are  always  normal  to  the  vertical  plane 
of  symmetry  of  the  cross-section  of  a  beam,  and,  at  the  same  time,  are 
jtarallel  to  one  of  the  two  "principal  stresses"  reacting  at  that  point; 
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it  follows  that  the  other  two  faces  of  the  cube  will  be  parallel  to  the    Mr. 
other  "principal  stresses".  -lanni. 

Let  A-B  (Fig.  22)  be  the  vertical  profile  of  a  cross-section  of  a 
beam,  and  0  the  position  (altitude)  of  its  neutral  axis. 

The  position  of  the  elemental  cube  at  this  point  is  shown,  as  well 
as  the  directions  of  the  ''principal  stresses"*  acting  on  that  cube  at  that 
point.  (If  ^,  is  assumed  to  be  negative,  then  p,  is  positive,  and  vice 
versa.) 

It  being  known  that  the  directions  and  values  of  the  principal 
stresses,  changeable  with  the  altitude  of  the  point  of  the  cross-section 
at  which  we  consider  the  cube,  it  follows  that  only  at  the  top  and 
bottom  of  the  section  this  cube  has  two  faces  horizontal,  and  that  it 
revolves  through  45°  in  passing  from  0  to  A,  and  through  an  additional 
45°  in  passing  from  0  to  B. 

Furthermore,  it  is  known  that  the  third  equation  of  this  system, 
which  refers  to  the  cross  deformation  of  the  elemental  cube,  is  zero 
only  when  these  equations  are  applied  to  the  cubical 
element  at  the  neutral  axis  of  the  beam,  because 
then,  and  only  then,  p,  =  —  Po,  or  —  P,  =  p.v  J^r. 
Turner  can  easily  verify  this  by  examining  the  cir- 
cular diagram  theory,  as  written  by  K.  Culmann.f 

Mr.  Turner's  attention  is  called  to  the  fact  that 
these  stresses,  p,  and  p.„  lie  on  a  vertical  plane 
normal  to  the  cross-section  of  the  beam,  and  not 
on  a  horizontal  plane,  as  he  states,  which  is  quite 
different.  He  will  notice,  also,  by  inspecting  Fig. 
22,  that  these  stresses  cannot  be  made  zero  where 
and  when  he  pleases ;  they  are  zero  only  when  the  cir- 
cular diagrams,  previously  mentioned,  make  them  so. 
These  equations,  therefore,  with  the  correct  interpretations,  as  given 
by  the  writer,  are  to  be  regarded  as  the  general  equations  of  equilibrium 
of  a  beam,  and,  as  such,  they  are  accepted,  of  course,  by  everybody. 

Neither  Grashof  nor  any  other  authority  would  have  accepted  the 
equations,  as  given  and  interpreted  by  Mr.  Turner,  as  general  equa- 
tions for  the  deflection  of  a  beam,  and  the  use  of  his  illustrious  name  in 
this  connection  is  not  altogether  commendable. 

There  is  also  another  remark  to  be  made  regarding  the  interpreta- 
tion of  the  general  equations  of  the  equilibrium  of  a  beam.  The  writer 
notes  that  Mr.  Turner  applies  these  "would-be"  general  equations  for  this 
case  of  equilibrium  to  a  plate,  by  simply  changing  the  word  "beam" 
to  "plate",  without  thinking  that  theory  cannot  be  made  to  apply  by 
simply  substituting  one  word  for  another.  There  is  great  static  dif- 
ference between  the  equilibrium  of  a  plain  beam  and  a  plate. 

•  These  "principal  stresses"  are  sometimes  designated  improperly  "diagonal 
stresses". 

t  "Die  graphische  Statik."     Zurich,  1866-75. 
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Mr.  Equations  (1)  and  (2),  as  given  by  Mr.  Turner,  are  simply  Equa- 


Janni. 


tions  (26)  and  (27),  as  given  by  the  writer;  that  is,  the  equations  of 
equilibrium  (not  general)  applied  to  the  particular  case  under  dis- 
cussion, as  has  been  shown  already  in  this  closing  discussion,  with  the 
additional  difference  that  the  elemental  cube,  in  this  case,  is  assumed 
to  have  always  two  faces  horizontal,  no  matter  at  what  altitude  it  is 
considered.  So  that,  when  Mr.  Turner  says :  "if  p^  is  zero,  as  it  would 
be  in  a  beam",  he  is  quite  wrong.  As  a  matter  of  fact,  in  an  ordinary 
beam  (and  Mr.  Turner  discusses  this  kind  of  beam)  the  value  of  his  p^ 
is  never  zero,  except  at  the  plane  of  the  neutral  axis. 

The  fact  that  it  is  never  zero  in  an  ordinary  beam,  though  in  the 
ideal  beam,  as  chosen  by  the  writer,  it  is  logically  constantly  zero,  con- 
stitvites  the  radical  difference  between  the  two  cases  of  deflection  (com- 
mon beam  and  ideal  beam). 

In  considering  his  case  of  a  plate,  Mr.  Turner  states: 

"Assuming  that  K  (Poisson's  ratio)  is  zero,  it  has  been  demonstrated 
that  the  work  done  in  a  circular  direction  is  equal  to  that  done  in  a 
radial  direction.  Now,  radial  deformations  alone  determine  the  vertical 
position  of  the  cantilever  plate,  and  though  the  circumferential  de- 
formations necessarily  accompany  radial  deformations,  they  provide  a 
means  of  storage  of  energy  which  is  not  involved  in  nor  determines 
the  vertical  deflection". 

In  the  first  place,  the  coefficient,  K,  of  Poisson  is  far  from  being 
zero,  therefore,  the  resulting  demonstration,  to  which,  he  refers,  may 
be  interesting,  but  its  conclusion  is  untrue. 

In  the  second  place,  does  Mr.  Turner  really  mean  what  he  says  about 
the  storing  of  energy?  Does  he  really  mean  to  say  that  in  the  theory 
of  elasticity  it  is  quite  possible  to  have  work  without  the  corresponding 
displacement?  In  other  words,  if  the  writer  xmderstands  rightly,  the 
expression  for  the  work,  going  entirely  by  definition,  is  given  by 
iy  =  i^  X  8,  in  which  L  is  the  work,  F  is  the  applied  force,  and  8  is 
the  elastic  displacement,  Mr.  Turner  states  that,  by  assuming  8  ^=  0 
the  quantity,  L,  is  not  zero.  The  writer  prefers  to  believe  that  Mr. 
Turner  did  not  mean  that;  although  he  said  so  repeatedly,  in  dif- 
ferent ways. 

He  says,  furthermore :  "Now,  the  relative  stiffness  of  the  continuous 
and  simple  beam,  is  known  by  theory  to  be  as  five  to  one".  This  state- 
ment is  not  exact;  the  ratio  between  the  deflections  referred  to  is. 
correct  only  in  the  case  of  a  beam  rigidly  supported  at  its  ends,  and 
one  freely  supported.  In  dealing  with  a  continuous  and  a  simple 
beam,  the  ratio  given  by  Mr.  Turner  is  not  exact,  but  varies  according 
to  the  hypothesis  of  loading  of  the  spans. 

Apart  from  this  inexactness  in  Mr.  Turner's  statement,  however, 
we  can  see  by  the  statement  itself  that  he  makes  comparison  with  a 
beam  with  fixed  ends,  when  it  is  known  that  such  cases  of  equilibrium 
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are  discarded  from  reinforced  concrete  design;  neither  does  he  state    Mr. 
whether,  in  his  ''numerous  experimental  results",  he  used  the  i)artial  ' 
or  total  loading. 

The  writer  must  confess  that  he  is  unable  to  follow  Mr.  Turner 
in  his  "photographic"  conception.  It  may  be,  however,  that  his  copper 
half-tone  plate  comparison  may  be  very  interesting  to  the  reader  who 
knows  something  of  this  subject;  the  writer  can  see  neither  the  plate 
nor  the  screen. 

At  this  point  of  his  discussion,  Mr.  Turner  enters  another  field: 
"shearing  rigidity  and  flange  rigidity".  Judging  from  his  nomencla- 
ture for  this  particular  internal  stress,  it  seems  that  he  makes  a 
difference  between  shearing  rigidity  and  what  he  terms  "flange 
rigidity".  It  is  difficult  for  the  writer  to  understand,  from  this  new 
phrase,  "flange  rigidity",  whether  Mr.  Turner  means  the  resistance 
of  the  flange  to  shear,  or  some  other  internal  stress  just  discovered. 
However,  if  he  agrees  with  the  writer  that,  usually,  exclusive  of  com- 
pression (tension)  and  shear  in  the  deflection  of  a  beam,  there  is  no 
other  internal  stress  to  be  considered,  then  the  writer  will  conclude 
that  this  "flange  rigidity"  is  nothing  but  the  resistance  of  the  flange 
to  shear. 

This  being  the  case — as  it  must  be,  according  to  the  elementary 
principles  of  theory — the  shearing  rigidity  and  flange  rigidity  are 
simply  plain  shear  in  both  cases,  and  therefore  all  theorems  concerning 
shear  may  be  applied. 

Mr.  Turner  says: 

"Another  matter  which  is  very  puzzling  to  many  is  the  fact  that 
the  mechanics  of  a  solid  is  such  that  ordinary  rules  of  statics  do  not 
apply,  that  is,  the  rules  of  statics  as  applied  to  the  separate  members 
of  framed  structures  are  not  here  applicable." 

As  an  example  of  this  he  states  that,  "under  pure  statics,  a  force 
in  one  direction  cannot  affect  the  magnitude  of  the  force  at  right 
angles  thereto",  but  in  mechanics  "that  is  not  the  case",  since  here 
the  "deformation  in  one  direction  under  a  given  force  affects  and 
influences  the  deformation  produced  by  a  force  at  right  angles  thereto". 
This — to  say  the  least — shows  a  peculiar  confusion  between  forces  and 
deformations,  as  well  as  a  quite  new  conception  of  statics. 

In  the  first  place,  all  the  rules  of  statics,  being  mathematically  true, 
stand,  no  matter  whether  they  are  applied  to  a  separate  member  or 
to  a  framed  striicture;  there  is  not,  and  never  will  be,  it  can  be  stated 
with  mathematical  certainty,  a  single  problem  in  mechanics  where 
these  rules  will  not  apply,  as  Mr.  Turner  wrongly  states. 

It  is  true  that  sometimes  the  rules  of  statics  are  not  sufficient  for 
the  solution  of  certain  problems,  for  instance,  the  elastic  arch,  the 
continuous   girder,   etc.,   and  then   help  must  be  obtained  outside  of 
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Mr.  statics;  but  this  does  not  mean  that  these  rules  do  not  apply.  It  is 
no  wonder,  therefore,  that  many  are  very  much  puzzled  by  such  a 
statement  as  Mr.  Turner  has  made. 

Secondarily,  though  the  example  he  cites  as  a  proof  of  his  asser- 
tion does  not  mean  anything  bearing  on  the  assertion  itself,  it  shows 
an  alarming  confusion  in  Mr.  Turner's  mind  between  deformations 
produced  by  force  and  by  components  of  that  force;  between  causes 
and  effects. 

The  deformation  produced  by  the  forces,  p^  (Fig.  14),  affects  that 
produced  by  the  forces,  p,„  but  this  does  not  mean  that  the  forces,  p^,  are 
the  components  of  the  forces,  p„  or  ince  versa.  The  forces,  p-^,  have  no 
partial  or  total  components  along  the  forces,  p^,  and  this  is  true  here 
as  well  as  in  plain  statics;  the  same  may  be  said  of  p^  with  respect  to  p^. 

From  the  foregoing  statement  of  Mr.  Turner,  it  can  be  safely  said 
that,  to  the  realization  of  perpetual  motion,  is  a  very  short  step. 

Taking  up  the  matter  of  distribution  of  shearing  stress,  both  in  a 
beam  and  in  a  slab,  Mr.  Turner  says : 

"In  the  beam  horizontal  shearing  stresses  act  only  in  horizontal 
planes,  but  in  the  slab,  with  its  double  change  in  curvature,  horizontal 
shearing  forces  act  in  vertical  planes  as  well." 

Apart  from  the  fact  that  the  double  change  in  curvature  of  the 
slab  has  nothing  to  do  with  the  distribution  of  this  internal  stress,  it 
may  be  said  that  the  foregoing  statement  is  altogether  wrong.  Mr. 
Turner  undoubtedly  knows  that  at  any  point  of  the  cross-section  of 
a  beam  there  is  a  horizontal  shear  and  a  vertical  shear,  and  these  two 
stresses  are  equal,  this  conception  being  very  elementary.  How,  there- 
fore, can  he  say  that  in  a  beam  there  is  no  vertical  shear?  If  he, 
reversing  the  entire  theory  on  shear,  does  not  admit  this  vertical  shear, 
he  does  not  know  that  without  it  the  internal  stresses,  taken  altogether, 
cannot  be  in  equilibrium. 

Concerning  the  slab,  however,  he  concedes  that  there  is  a  vertical 
shear,  but  that  vertical  shear  is  there  on  account  of  double  change  in 
curvature.  That  is  equivalent  to  saying  that,  if  the  slab  has  no 
double  curvature  or  has  more  than  a  double  curvature,  the  vertical 
shear  will  disappear. 

Whatever  Mr.  Turner's  ideas  are  regarding  this  matter  of  shear, 
it  may  be  stated  that,  as  a  matter  of  fact,  the  vertical  shear  in  the  slab 
is  always  there  when  there  is  horizontal  shear.  In  other  words,  the 
law  of  the  distribution  of  shearing  stresses,  along  the  horizontal  and 
vertical  faces  of  the  elements  of  a  beam,  holds  good  also  in  a  slab, 
as  it  must. 

It  is  true  that  in  a  square  slab,  for  instance,  there  are  lines  along 
which  there  is  no  vertical  shearing  stress,  but,  accordingly,  along  those 
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same  lines  there  is  no  horizontal  shear  either;  of  course,  this  happens    Mr. 
when  the  slab  is  assumed  to  be  uniformly  loaded. 

Mr.  Turner,  the  writer  is  sure,  must  know  that  the  theory  of  shear, 
holds  good  for  beams,  or  for  slabs,  or  for  arches.  This  theory  is  quite 
independent  of  the  external  shape  of  the  solid.  The  only  assumption — 
made  at  the  beginning — is  that  the  two  cross-sections,  A-B  and  A'-B' 
(.Fig.  23),  of  a  solid  shall  be  so  near  that,  even  if  the  whole  solid  has 
variable  shape,  these  two  sections  may  legitimately  be  considered  as 
equal. 

The  single  or  double  curvature  mentioned  by  Mr.  Turner  is  a 
deformation  brought  about  by  the  application  to  the  solid  of  external 
forces,  and,  as  such,  like  all  elastic  deformations,  they  have  no  influence 
whatsoever  on  the  law  of  the  distribution  of  the  internal  stresses  of 
the  solid. 

Sometimes  these  deformations,  as  in  the  case  of  arches,  bring  out 
additional  stresses  which  are  to  be  added  properly  to  the  former  ones; 
but  this  does  not  destroy,  nor  modify  in  the  least,  the  manner  in 
which  the  former  ones  are  distributed  in  the  interior  of  the  solid. 
Therefore,  speaking  of  double  curvature  of  a  solid  as  affecting 
the  law  of  distribution  of  internal  stresses  is  erroneous.  a  a' 

From  Mr.  Turner's  remarks  concerning  the  two  glued  or 
bolted  planks  and  the  cured  concrete  slab,  it  appears  that  he 
considers  all  the  strength  of  a  beam  and  of  a  slab  to  depend  on 
the  shearing  stress  at  the  neutral  plane  of  these  solids.  ^  -S' 

As  a  matter  of  fact,  the  shear  at  the  neutral  plane  pj^  23 
(as  well  as  that  at  any  other  plane)  is  necessary  to  the 
resistance  of  these  solids,  but  is  not  more  necessary  than  tension 
and  compression.  All  these  internal  stresses  have  their  role; 
all  are  necessary,  but  one  is  not  more  necessary  than  the  other. 
Take  the  case  of  the  two  planks ;  after  they  are  bolted  together 
it  is  found  (correctly)  that  the  resistance  of  this  new  beam  is 
twofold,  and  from  this  fact  Mr.  Turner  concludes  that  this  is  due 
to  the  shear  obtained  along  the  neutral  plane;  accordingly,  he  speaks 
of  its  great  importance  in  the  resisting  quality  of  the  beam.  He, 
however,  does  not  stop  to  think  that,  if  this  new  beam  is  cut  across 
vertically  (for  instance,  at  its  center)  from  the  bottom  up  to  the  glued 
plane,  or  is  cut  with  a  V-shaped  notch  from  the  top  down  to  the  glued 
plane,  it,  with  all  its  shearing  rigidity,  is  worth  no  more  than  one  of 
the  planks  of  which  it  is  constructed,  as  far  as  bending  is  concerned. 
Is  there  any  reason,  therefore,  for  giving  to  the  shear  rigidity  so  much 
preference  ? 

The  writer  has  taken  up  simply  the  important  theoretical  points 
brought  up  by  Mr,  Turner,  but  has  not  discussed  either  his  criticism 
of  the  paper,  or  his  eulogy  on  a  certain  theory  on  flat  slabs  written  by 
Mr.  Eddy. 
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Mr  As  Mr.  Turner  has  not  shown  any  particular  care  in  his  quotations 

janni.  ^^^^^^  theory,  and  has  not  been  clear  in  his  conceptions  of  the  strength 
of  materials,  the  writer  is  of  the  opinion  that  his  criticism  of  the  paper 
has  no  bearing  whatever. 

Therefore,  if  the  "most  gratifying  concordance  between  deflec- 
tions and  stresses",  as  Mr.  Turner  states,  has  been  found  on  the 
strength  of  the  kind  of  theory  quoted  by  Mr.  Turner  in  his  discussion, 
is  there  any  "more  cogent  reason"  for  stating  that  the  theory  he  is 
supporting  is  not  a  theory  but  merely  ordinary  guesswork,  and  as  such 
should  be  objectionable,  for  it  is  unsafe? 

Will  engineers  dump  and  bury  forever  a  public  patrimony,  called 
theory,  in  order  that  Mr.  Eddy's  theory  may  stand  up? 
No  one  will  have  any  hesitation  in  his  choice. 

In  reply  to  Mr.  Mensch's  remark,  that  the  writer's  theory  is  mis- 
leading because  the  moments  calculated  by  it  are  not  the  same  for 
all  strips,  the  writer  wishes  to  state  that  he  never  meant  that  the 
reinforcement  in  the  entire  slab  should  be  computed  according  to 
those  values.  It  is  stated  in  the  paper  that  the  intention  is  to  calculate 
the  maximum  in  each  direction  only,  and  for  this  reason  alone  he 
selected  the  middle  strips. 

Knowing  the  maximum  values  of  the  moments  at  the  center  ot 
the  middle  span  of  each  middle  beam,  and  their  values  at  the  support 
points,  the  arrangement  of  the  reinforcement  is  an  easy  matter. 

Since  the  remaining  part  of  Mr.  Mensch's  discussion,  like  a  good 
part  of  several  of  the  others,  seems  to  be  a  discussion  of  Mr.  Jonson  s 
remarks  to  which  the  writer  already  has  answered  at  length,  it  is 
thought  expedient  to  disregard  that  part  in  order  not  to  present, 
practically,  the  same  arguments. 

Mr.  Marsh  brings  out  the  fact  that  Equation   (12),  for  ratios  ot 

^   greater   than  ^,   gives   a   transverse    coefficient   greater   than  unity 
and  a  minus  quantity  for  the  longitudinal  coefficient.     This  he  points 
•      out  as  a  defect  of  this  formula. 

Several  formulas  in  engineering  mathematics,  as  Mr.  Marsh  un- 
doubtedly knows,  need  logical  interpretation  before  proceeding  to  apply 

them.  m  •     4.     f 

Take,  for   instance,  the  very  formula  in  which  the  coefficient  ot 

Poisson  has  its  origin,  that  is : 

A  +  2  ^ e^  ^  .  //  X  =  F' 

V  m  ' 

^here:  e  =  stretching  of  the  fiber  per  unit  of  length; 

m  =  coefficient  of  Poisson; 

A  =  area  of  the  cross-section  of  the  fiber ; 

J  a;  =  its  length ; 

and  V  =  volume  of  the  stretched  fiber. 
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In  order  to  obtain  our  result,  we  must  observe  first  that  the  volume   Mr. 

of  the  stretched  element  cannot,  logically,  be  increased  by  the  actions 

of  the  two  tensile  forces  applied  to  it;  accordingly,  we  are  able  to  put 

e         1 
the  condition  that  —  <       c,  from  which  we  derive  that  the  value  of 
m         2 

—  is  between  0  and  -.  Without  this  logical  assumption,  we  would 
m  2 

never  be  able  to  determine  the  limits  of  — .     Indeed,  we  might  come 

m 

to  the  absurd  conclusion  that  the  volume  of  the  fiber,  A  .  ^  x  ^=  V, 
increases  under  the  action  of  extensional  forces. 

The  formula  of  Euler  is  another  instance.  Mr.  Marsh  undoubtedly 
knows  that  the  indiscriminate  use  of  this  formula  may  lead  to  absurdity, 
due  to  its  nature,  as  it  is  not  a  purely  mathematical  formula  but  one 
of  elasticity. 

A  formula  of  elasticity  is  to  be  regarded  as  absurd  when  at  each 
and  every  stage  of  its  values  it  brings  out  absurd  results,  or  else  it  is 
derived  on  absurd  assumptions.* 

The  writer,  however,  is  indebted  to  Mr.  Marsh  for  having  pointed 
out  this  fact,  as  it  has  thus  given  an  opportunity  to  explain  fully  this 
point  also. 

Mr.  Marsh  remarks  also  that  the  introduction  of  Poisson's  ratio 
is  doubtless  essential  to  this  problem,  but  he  has  misgivings  regarding 
its  practical  utility  and  accuracy. 

It  can  be  pointed  out  that  the  little  justified  doubt  concerning  the 
accuracy  of  the  coefficient  of  Poisson  does  not  destroy  the  correctness 
of  its  introduction  in  this  problem.  There  is  an  incontestable  physical 
phenomenon,  which  happens  in  this  case  of  deflection,  and  as  this 
was  recognized  as  essential  by  the  writer  and  also  by  Mr.  Marsh,  it 
must  be  taken  into  account. 

The  omission  of  the  coefficient  of  Poisson  in  any  flat  slab  theory, 
means  the  undermining  of  that  theory. 

The  writer  regrets  that  Mr.  McMillan  has  devoted  his  valuable  time 
entirely  to  the  discussion  of  the  points  brought  out  by  Mr.  Jonson. 
It  is  true  that  if  those  points  had  cast  a  new  light  on  the  whole  theory 
of  reinforced  concrete  they  would  have  undermined  also  the  solution 
of  the  problem  proposed  and  solved  by  the  writer,  but  Mr.  McMillan 
knows  very  well  that  those  points  were  not  new  by  any  means,  and 
that  their  solution  was  already  a  matter  of  fact,  and  this  apart  from 
the  fact  that  the  solution  proposed  by  Mr.  Jonson  lacks  any  serious 
mathematical  support,  as  has  been  shown. 

*  In  pure  mathematics  we  have  a  similar  state  of  affairs  in  the  solution  of 
equations  above  the  first  degree.  Mathematically  speaking,  all  the  roots  of  an 
equation  are  true  and  solve  the  same  equation  ;  but  how  many  of  those  roots  must  we 
discard  because  they  lead  to  absurd  conclusions  in  our  problem?  Does  this  mean 
that  the  theory  of  the  solution  of  equations  is  wrong? 
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Mr.  As  a  general  impression  of  the  various  discussions  on  this  paper, 

Janni.  1^  can  be  said  that  only  those  by  Mr.  Goodrich,  and  by  Mr.  Godfrey 

took  up  the  important  point  brought  forth  by  this  problem,  namely, 

the  great  variation  of  the  moments  in  a  continuous  slab  determined 

by  the  yielding  of  the  supports. 

It  seems  to  the  writer  that  attention  has  been  centered  only  on 
the  formulas  for  the  design  of  a  flat  slab  rigidly  supported,  which 
formulas,  after  all,  were  purely  incidental  to  the  problem. 

Apart  from  the  fact  that  these  formulas,  as  far  as  the  difficulty 
of  the  problem  has  allowed,  have  been  demonstrated  to  be  correct  both 
in  their  conception  and  from  a  mathematical  point  of  view,  there 
is  the  fact  that,  even  applying  other  formulas,  theory  would  have 
given  the  same  results,  as  far  as  difference  of  moments  in  both 
hypotheses  is  concerned. 

The  writer,  whose  professional  activity  is  not  narrowed  down  to 
the  designing  of  reinforced  concrete  flat  slabs,  was  unaware  that  there 
could  be  such  a  thing  as  "A  flat  slab  specialist",  but,  after  this 
discussion,  he  must  say  that,  if  there  is  such  a  specialty,  its  theory 
needs  some  decided  improvement. 

In  this  closure  the  writer  cannot  refrain  from  expressing  his 
opinion  concerning  technical  discussions. 

There  is  no  doubt  that  a  discussion  on  a  scientific  question  is  more 
apt  to  bring  to  light  important  truths  than  an  ordinary  publication  on 
that  subject,  and,  in  the  opinion  of  the  writer,  a  sound,  well-thought-out 
contribution  to  the  subject  in  question  is  not  only  welcomed  by  the 
interested  public,  but  more  so  by  the  author  of  the  paper  himself. 
Remarks  and  opinions  on  a  technical  problem  have  a  bearing  upon 
it,  if  they  are  supported  either  by  theory  or  by  logic,  but  when  they 
are,  so  to  speak,  supported  only  by  a  sadly  crippled  or  misunderstood 
theory,  such  discussions  then  become  useless  and  somewhat  ridiculous. 


AMEEICAK  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1852 


PAPERS  AND  DISCUSSIONS 

This  Society  is  not  responsible  for  any  statement  made  or  opinion  expressed 
in  its  publication?. 


TUNNEL    WORK    ON    SECTIONS    8,    9,    10,    AND    11, 

BROADWAY-LEXINGTON  AVENUE  SUBWAY, 

NEW  YORK  CITY 

Discnssioii.* 


By  Messrs.  T.  Kennard  Thomson,  John  H.  Myers,  H.  G.  Moulton, 
Egbert  Eidgway,  and  C.  V.  V.  Powers. 


T.  Kennard  THOMSON,f  M.  Am.  Soc.  C.  E.— Mr.  Werbin  is  entitled      Mr. 
to  hearty  thanks  for  his  excellent  presentation  of  a  very  interesting  '^^°'^*<"^- 
subject. 

The  speaker  cannot  help  contrasting  the  difference,  in  many  ways, 
between  the  construction  of  a  rock-and-mud  tunnel,  on  which  he  was 
engaged  32  years  ago,  and  this  up-to-date  subway.  This  is  exemplified 
by  the  difference  between  a  small  tallow  candle  and  a  large  electric 
searchlight. 

The  success  of  the  blasting  operations  on  this  work  might  also  be 
contrasted  with  a  case  in  New  York  Harbor  some  15  years  ago,  when 
a  coffer-dam  was  built  as  far  out  as  it  was  considered  economical,  and 
the  rock  excavated  inside  the  coffer-dam  in  the  dry.  From  the  finished 
excavated  space  (inside  the  coffer-dam),  some  fifty  holes  were  drilled 
into  the  rock  to  be  removed,  outside  the  coffer-dam  lines. 

To  ensure  success  the  contractor  secured  a  man  from  the  explosives 
manufacturer  to  load  the  holes  and  connect  the  exploders  in  such  a  ■ 
manner  as  to  make  a  complete  circuit.  As  the  current  would  have  to 
travel  through  this  circuit,  it  seemed  impossible  to  have  a  hitch;  but 
only  three  or  four  exploders  (at  different  parts  of  the  circuit  of  fifty) 
were  set  off  at  the  first  attempt.  The  wires  were  then  connected  again, 
and  a  number,  but  not  all,  of  the  remaining  charges  went  off.  This 
naturally  put  the  rest  of  the  work  in  a  very  uncertain  condition. 

In  order  to  ascertain  the  cause  of  the  failure,  the  speaker  took 
twenty-five  exploders  from  the  same  stock,  connected  them  up  in  the 

*  Discussion  of  the  paper  by  Israel  V.  Werbin,   Assoc.   M.  Am.   Soc.  C.   E.,  con- 
tinued from  October,  1916,  Proceedings. 
t  New  York  City. 
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Mr.       same  manner  as  before,  but  without  the  dynamite,  threw  them  into  the 

'  water,  turned  on  the  current,  and  only  four  (at  intervals)   exploded. 

The  remaining  twenty-one  were  again  connected  up,  and  all  went  off 

together,  showing  that  some  of  them  were  just  a  trifle  quicker  than 

the  others. 

The  author  speaks  of  the  considerable  quantity  of  extra  rock  exca- 
vation which  the  contractor  was  obliged  to  do  without  compensation. 
This  is  not  equitable,  but  it  seems  to  be  difficult  to  draw  up  a  contract 
which  will  allow  for  these  changes;  and,  on  public  work,  very  few  engi- 
neers dare  to  be  just,  against  the  terms  of  the  contract  and  specifica- 
tions, as  they  would  be  accused  of  graft,  etc. 

This  refusal  of  the  authorities  to  give  the  engineers  a  chance  to  use 
their  own  judgment,  however,  is  costing  the  country  millions  of  dollars, 
as  the  contractors  have  to  bid  higher  than  they  would  otherwise.  As 
an  example,  an  engineer  who,  in  his  time,  had  a  reputation  of  the  very 
highest,  and  did  an  enormous  amount  of  work,  got  the  reputation  of 
refusing  to  allow  any  change  in  his  plans  and  insisting  on  refinements 
which  did  not  improve  the  job.  The  result  was  that  his  clients  paid 
far  more  for  what  they  got  than  they  would  have  done  otherwise.  For 
instance,  the  manager  of  a  large  manufacturing  concern  once  told  the 
speaker  that  he  always  figured  work  for  that  engineer  just  as  he  would 
for  anybody  else  and  added  25%  to  the  price  to  cover  such  arbitrariness. 

Mr^  John  H.  Myers,*  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  thinks 

that  engineering  literature  contains  many  references  to  tunnels  which 
approximate  the  size  of  the  two-track  sections  described  in  this  paper, 
and  that  he  is  correct  when  he  says  that  there  are  few,  if  any,  such 
references  to  tunnels  similar  to  the  four-track  sections.  He  refers 
especially  to  the  timnel  of  varying  cross-section  by  which  is  accom- 
plished the  transition  from  double-deck  (or  two  tracks  over  two)  to 
four  tracks  abreast  between  98th  and  102d  Streets.  He  thinks,  there- 
fore, that  Mr.  Werbin  has  done  a  valuable  service  in  compiling  this 
accurate  and  complete  record  of  this  work. 

There  is  one  theme  that  rims  all  through  the  paper  which  should 
be  emphasized,  and  that  is  the  character  of  the  design  which  per- 
mitted what  may  be  termed  sectional  construction.  By  this  is  meant 
the  design  which  allowed  the  tunnel  lining  to  follow  quickly  after 
the  excavation  and  enabled  the  constructor  to  excavate  and  line  part 
of  the  tunnel  before  excavating  and  lining  the  remainder.  The  methods 
of  construction  which  such  a  design  made  possible  are  illustrated  in 
Figs.  1,  15,  16,  17,  18,  25,  and  29,  and  Plate  IX.  It  is  the  speaker's 
opinion  that  this  design  aided  materially  in  the  successful  completion 
of  this  very  unusual  work  through  a  portion  of  the  city  which  pre- 
sented many  natural  difficulties. 

*  New  York  City. 
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The  fact  that  a  structure  of  the  magnitude  of  that  described  has     Mr. 
been  built  through  the  heart  of  the  city  without  material  interruption     ^^'^"' 
of  its  mode  of  living,  or  of  its  varied  industries,  is  in  itself  worthy 
of  note,  and  the  record  of  the  methods  used  in  bringing  this  about, 
which    the    paper   provides,    is,    the    speaker   believes,    of   permanent 
technical  and  historical  value. 

II.  G.  MouLTON,*  Esq. — The  tunnels  on  Lexington  Avenue,  especially  Mr. 
the  double-deck  sections,  approximately  40  ft.  high  and  40  ft.  wide,  are 
quite  unusual  in  size,  from  a  civil  engineering  standpoint;  yet  they  are 
small  in  comparison  with  undergroimd  excavations  required  in  mining 
operations.  The  work  on  these  sections  presents  problems  more  nearly 
comparable  to  metal  mining  than  those  encountered  anywhere  else  on 
subway  construction  in  New  York  City. 

In  mining  large  bodies  of  ore,  it  is  often  necessary  to  carry  a  stope, 
for  a  width  in  excess  of  100  ft.,  to  a  height  of  100  ft.  (the  usual  distance 
between  levels),  and  for  a  length  of  several  hundred  feet  on  the  strike 
of  the  vein,  and  to  carry  the  walls,  roof,  and  face  of  the  excavation  on 
timbers.  As  the  work  on  Lexington  Avenue  is  so  similar  in  type,  though 
on  a  much  smaller  scale,  it  is  interesting  to  consider  the  possibility  of 
adapting  to  work  of  this  kind  the  methods  used  in  extracting  irregular 
ore  bodies,  the  dimensions  of  which  are  too  large  to  permit  the  walls 
and  roof  to  stand  for  any  length  of  time  without  support. 

There  are  two  marked  differences  between  the  excavation  methods 
described  in  this  paper  and  those  which  would  have  been  used  under 
metal-mining  practice.  The  first  difference  is  in  the  method  of  attack — 
the  use  of  the  top  heading  instead  of  a  bottom  heading,  as  in  mining 
operations.  The  second  is  in  the  method  of  timbering  the  opening — 
I-beams,  segmental  sets,  etc. 

In  the  very  early  days  of  western  mining  development,  it  was  com- 
mon practice  to  remove  ore  bodies  in  very  much  the  same  manner  as 
that  described  in  this  paper.  The  method  is  known  as  underhand  stop- 
ing,  and  consists  of  carrying  the  upper  level  of  the  excavation  in  ad- 
vance of  the  lower,  and  following  in  successive  levels  with  the  exca- 
vation of  the  bench.  As  mining  methods  developed,  it  was  realized  that 
this  was  the  least  economical  way  of  attack,  and  it  was  abandoned  in 
favor  of  overhand  stoping  or,  in  other  words,  bottom  heading  work,  in 
which  the  lowest  part  of  the  excavation  is  carried  well  in  advance  and 
the  back  is  taken  down  in  successive  slices,  stepping  back  consecutively 
toward  the  roof.  This  method  has  the  advantage  of  less  shoveling  and 
also  of  cheaper  breaking,  as  the  rock  is  broken  from  an  under-cut  hori- 
zontal face  at  less  cost  than  from  any  other  position,  and  also  because 
the  drilling  can  be  done  with  the  most  efficient  types  of  drills — the  so- 
called  stope  hammers  or  buzzers. 

*  New  York  City. 
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Mr.  In  order  to  hold  the  walls  and  roof  and  keep  the  men  close  to  the 

■  working  face,  timbering  is  placed  in  sections  as  the  work  progresses. 
The  usual  dimensions  of  the  timber  sets  common  in  metal-mining  prac- 
tice are  7  ft.  high,  5  ft.  wide  between  posts,  and  5  ft.  longitudinally 
between  bents  or  adjacent  rows  of  posts.  The  posts,  caps,  and  girts  are 
all  framed  to  exact  lengths  and  provided  with  horns  in  daps  so  that 
connection  is  secured  for  each  member  of  the  set  in  every  direction. 
The  rock  is  broken  out  in  small  sections,  say,  5  ft.  square  and  7  ft.  high, 
and  another  set  of  timbering  is  placed.  On  all  slices  above  the  bottom 
heading,  the  new  post  rests  directly  on  top  of  one  of  the  posts  set  in  the 
bottom  heading,  and  the  cap  and  girt  join  with  the  set  at  the  side  and 
to  the  rear.  In  this  way  the  entire  mass  of  rock  is  removed  in  a  series 
of  inverted  steps  in  such  a  manner  that  not  more  than  5  ft.  in  either 
direction  is  without  timber  support  at  any  time.  The  probability  of  an 
extensive  rock  fall  is  eliminated,  and  it  is  possible  to  work  exactly  to 
the  pay  line  of  the  excavation. 

To  apply  square-set  stoping  to  such  an  operation  as  that  described 
in  this  paper,  the  first  step  would  be  to  sink  a  shaft  at  one  side  of  the 
excavation  and  drive  a  bottom  heading  in  each  direction  in  the  lower 
corner  of  the  section  nearest  to  the  shaft.  This  bottom  heading  would 
be  continued  through  to  the  next  shaft  and  timbered  continuously  with 
the  foundation  or  sill  floor  timbers  of  the  square-set  system.  At 
different  places  along  the  heading,  the  stopes  would  be  started,  widened 
to  the  opposite  side  of  the  section,  carried  up  to  the  roof,  and  then  con- 
tinued in  both  directions  until  several  hundred  feet  had  been  opened 
and  timbered.  After  this,  a  start  would  be  made  on  steel  erection,  the 
timber  sets  being  pulled  out  row  after  row,  after  alternate  bays  of  steel 
had  been  erected  and  concreted  between  them.  Where  no  heavy  pres- 
sures had  been  developed,  the  sets  would  be  removed  quite  readily  after 
knocking  out  the  side  and  top  blocking  and  wedging.  Where  heavy 
pressures  had  developed  from  loose  ground,  it  would  be  necessary  to 
do  considerable  work  with  axe  and  saw  on  the  bottom  posts,  and  ruin 
part  of  the  timber.  Yet,  even  under  the  worst  circumstances,  it  is  pos- 
sible that  75%  of  the  timbers  could  be  recovered  and  used  over  and 
over  again  as  the  work  progressed. 

As  to  the  cost  of  this  method,  ore  is  mined  on  an  extensive  scale  in 
various  districts  at  costs  ranging  from  $1.50  to  $2.50  per  ton  by  square- 
set  stoping  at  reasonable  depths,  exclusive  of  any  items  corresponding 
to  cost  of  plant  or  contractors'  profits.  This  would  be  equivalent  to 
about  $3  to  $5  per  yd.  The  timber  required  would  be  approximately, 
30  ft.  b.  m.  per  cu.  yd.  of  material  taken  out,  and,  with  timber  at  $60 
per  ft.  b.  m.  in  place,  the  cost  would  amount  to  $1.80  per  cu.  yd.  Con- 
sidering that  most  of  the  timber  would  be  used  over  and  over  again, 
and  also  that  round  timbers  would  be  the  most  advantageous  to  use, 
and  much  less  expensive  than  sawed  stuff,  it  is  probable  that  $1  per  cu. 
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yd.  would  represent  the  maxinuim  cost  for  tiniberiiif;'.  Ap:ainst  this  Mr. 
additional  cost  there  would  be  certain  credits,  as  compared  with  carry- 
ing the  excavation  open  and  with  no  timbering  at  all.  One  such  credit 
would  be  in  cheaper  breaking  and  mucking  costs,  due  to  shooting  the 
rock  down  from  an  under-cut  face  and  catching  it  on  heaving  blocking 
of  poles  resting  on  the  caps  of  the  timber  sets.  It  could  then  be  shoveled 
into  chutes  and  drawn  into  cars  in  the  main  bottom  heading.  Another 
saving  in  cost  would  be  realized  by  working  exactly  to  the  pay  line,  and 
saving  the  excess  cost  of  hauling  out  irregular  masses  of  material, 
broken  away  outside  of  the  section,  and  afterward  concreting  and  back- 
filling these  spaces.  In  blocky  ground,  such  as  was  often  encountered 
on  Lexington  Avenue,  it  is  probable  that  the  credits  from  the  items 
mentioned  would  more  than  offset  the  additional  cost  of  $1  per  cu.  yd. 
for  timbering,  so  that  this  method  might  well  be  cheaper,  than  the  ones 
used. 

As  to  the  question  of  safety,  there  can  be  little  doubt  that  full 
square-set  timbering  would  have  the  advantage.  The  great  principle 
involved  in  keeping  rock  excavation  safe  is  to  have  the  smallest  pos- 
sible quantity  of  ground  standing  without  support.  On  Lexington 
Avenue,  this  was  done  by  building  the  finished  structure  in  sections; 
but  the  same  thing  could  have  been  accomplished,  and  even  greater 
protection  secured,  by  putting  in  the  timber  in  small  sections  and  hav- 
ing only  the  extent  of  one  set  open  at  any  one  time.  Then,  the  steel 
structure  could  be  built  in  its  entirety  between  the  timbers  at  any  dis- 
tance desired  behind  the  face. 

As  to  speed,  all  the  advantages  are  with  the  bottom-heading  method 
of  attack,  as  it  is  possible  to  open  up  as  many  faces  as  desired  dependent 
only  on  the  hoisting  capacity  of  the  shafts. 

It  is  well  recognized  that  even  the  worst  ground  may  be  held  with 
comparative  ease  before  any  movement  starts,  but  if  once  it  starts,  it 
may  demolish  any  timbers  that  can  be  i^ut  in.  Close  timbering,  to  pre- 
vent the  initial  slip,  may  mean  all  the  difference  between  absolute  safety 
and  serious  collapse.  The  wedging  and  arching  action  of  blocks  of  rock 
in  unsound  ground,  together  with  the  frequent  resistance  on  seams,  and 
probably  to  a  certain  extent  atmospheric  pressure,  renders  valuable  as- 
sistance to  the  timbers  in  holding  the  ground,  and  the  timber  system 
should  provide  for  this  by  preventing  the  initial  movement  which  may 
destroy  all  these  valuable  allies. 

As  to  the  timbering  methods  used  in  unsound  ground  on  Lexington 
Avenue,  and  described  in  this  paper,  the  speaker  is  of  the  opinion  that 
although  they  served  their  purpose  in  giving  protection  w'hile  the  work 
was  being  carried  on,  nevertheless,  they  were  unnecessarily  expensive 
and  inefficient,  as  compared  with  the  usual  mine-timbering  methods. 
The  segmental  set,  for  example,  which  is  used  so  widely  in  large  tunnel 
headings,  represents  the  most  inefficient  and  uneconomical  manner  in 
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Mr.  which  timber  can  be  used.  It  usually  comes  down  at  the  joints  long 
before  the  timber  can  develop  its  strength  as  an  arch,  and  wherever 
heavy  ground  is  encountered  in  the  roof,  the  segmental  sets  must  be 
reinforced  with  longitudinal  horseheads  under  the  top  cap  and  radial 
posts  at  the  joints.  About  all  that  segmental  sets  will  accomplish  is  the 
prevention  of  spalling  and  light  rock  falls  from  the  roof.  Where  really 
heavy  ground  is  encountered,  as  in  extracting  ore  by  the  caving  system, 
very  different  methods  of  timbering  are  used.  Good  examples  of  this 
are  to  be  seen  in  some  of  the  leading  mines  in  Arizona,  where  the  ore 
is  extracted  by  honeycombing  the  lower  part  of  a  block  with  tunnels 
and  then  shooting  out  the  adjacent  supporting  pillars,  so  that  the  entire 
block  drops  6  or  7  ft.  and  is  crushed  by  its  own  weight.  To  keep  the 
main  haulage  drifts  open  below  such  a  block  of  ground,  they  are  tim- 
bered with  long  flat  caps  reinforced  with  a  short  cap  in  the  center, 
blocked  against  knee-braces  resting  on  short  posts  within  the  main  posts 
of  the  set.  This  type  of  set  is  so  much  superior  to  any  attempts  to  ob- 
tain arching  action  through  segmental  timbers  that  it  is  surprising  it 
is  not  generally  adopted  in  timbering  railroad  tunnel  headings  through 
heavy  ground. 

There  is  a  general  principle  involved  in  timbering  rock  excavations, 
namely,  that  small  posts  acting  in  compression  form  the  most  econom- 
ical method  of  support.  Mine  timbering  should  be  placed  in  small 
units,  and  the  use  of  timber  in  beams  or  in  arches  should  be  avoided  as 
far  as  possible.  There  is  also  a  great  advantage  in  smaller  units,  in 
that  they  are  easily  placed  and  with  fewer  men. 

The  use  of  many  of  the  methods  shown  in  the  paper,  such  as  long 
I-beams,  cribbing  built  up  to  support  long  beams  and  packing  above, 
is  reminiscent  of  descriptions  of  the  early  attempts  of  metal  miners  to 
support  ground  prior  to  the  development  of  square-set  stoping.  The 
largest  timber  available  was  often  taken  into  the  mine,  and  great  posts 
were  built  up  by  splicing,  perhaps  to  60  ft.  or  more  in  length.  Some  of 
the  stopes  in  the  old  Elkhorn  Mine,  in  Montana,  furnish  a  good  example 
of  these  massive  long  stulls  and  posts.  It  requires  many  times  the 
quantity  of  timber  to  work  in  this  way  that  square-set  stoping  in  small 
units  would  call  for.  Furthermore,  the  work  is  not  as  safe,  and  the 
labor  required  in  handling  these  great  units  is  excessive,  as  compared 
with  that  needed  to  place  the  smaller  timbers.  The  same  argument  ap- 
plies to  the  use  of  I-beams  in  underground  work.  Had  the  miners  of 
a  generation  ago  been  able  to  obtain  24-in.  and  36-in.  I-beams,  they 
would  probably  have  stuck  some  of  the  stopes  full  of  them  in  desperate 
attempts  to  span  wide  openings  and  carry  the  roof  without  posting  sup- 
port, but  they  would  have  soon  abandoned  them  as  they  did  their  at- 
tempts to  splice  and  build  up  long  posts  and  beams. 

The  time  required  with  the  mining  methods  described  would  depend 
entirely  on  the  number  of  faces  opened.     In  the  Butte  District,  which 
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is  one  of  the  best  examples  of  square-set  stoping  in  mining  operations,  Mr. 
well  in  excess  of  10  000  cu.  yd.  of  material  are  removed  daily,  from  °"  °°' 
depths  ranging  from  2  000  to  2  800  ft.  below  the  surface,  and  the  daily 
extraction  is  varied  in  strict  accordance  with  the  ore  requirements  of 
the  smelters,  by  increasing  or  decreasing  the  number  of  men  at  work  on 
the  various  stoping  faces.  If  such  a  method  were  applied  on  a  job  like 
the  Lexington  Avenue  Subway,  it  would  be  merely  a  matter  of  carry- 
ing the  bottom  headings  clear  through  and  attacking  at  as  many  places 
as  desired.  The  work  could  be  speeded  up  or  slowed  down  by  opening 
more  faces  and  operating  more  drills,  or  by  shutting  down  on  different 
faces. 

The  whole  subject,  of  course,  is  quite  academic  at  the  present  time, 
because  the  Lexington  Avenue  Subway  is  finished  and  practically  ready 
for  operation.  The  work  there  was  splendidly  done,  and  the  completion 
of  the  finished  structure  in  its  present  form,  under  the  difficult  condi- 
tions encountered,  was  a  feat  for  which  the  Bradley  Contracting  Com- 
pany and  the  Engineering  Department  of  the  Public  Service  Com- 
mission justly  deserve  the  fullest  measure  of  congratulation  and  ap- 
preciation. Nevertheless,  Lexington  Avenue  was  about  the  only  place 
on  the  New  York  subway  construction  where  metal-mining  methods 
might  have  been  applied  extensively  with  advantage,  and  this  paper, 
therefore,  makes  pertinent  a  general  discussion  as  to  comparisons  of 
such  methods  with  those  which  the  Contractors  adopted. 

Egbert  Eidgway,*  M.  Am.  Soc.  C.  E. — It  would  seem  from  a  Mr. 
question  asked  during  the  discussion  of  this  paper  that  the  author  Eidgway. 
has  not  made  plain  the  practice  followed  in  loading  and  firing  the 
heading  holes.  Only  those  holes  were  loaded  which  were  to  be  fired 
in  one  shot.  This  w^as  also  the  practice  in  the  headings  of  the  City 
Aqueduct  Tunnel  of  the  Catskill  Aqueduct,  and  is  far  safer  than  the 
method  formerly  used  on  some  works  in  the  vicinity  of  New  York 
City,  which  was  to  load  the  whole  face  before  firing  any  of  the  holes. 

The  author  has  referred  to  the  presence  of  streams  crossing  the  line 
of  Lexington  Avenue  at  57th  Street  and  at  75th  Street,  where  soft 
ground  was  encountered  in  the  tunnel  headings.  These  streams,  of 
course,  indicated  valleys  in  the  surface  of  the  country  before  the 
streets  were  graded.  These  and  similar  streams  along  the  line  of  the 
work  added  greatly  to  the  difficulties  of  construction.  In  some  cases, 
the  flow  of  these  streams  had  been  taken  care  of  by  roughly  built 
stone  culverts,  but,  in  other  instances,  the  street  grading  had  been 
done  without  making  any  provision  for  the  flow,  and  the  water  was 
allowed  to  flow  through  the  rock  back-fill,  eventually  finding  its  way 
into  the  sewers,  or  the  East  Eiver.  Kelative  to  this  matter,  attention 
is  called  to  the  value  of  the  topographical  map  of  Manhattan  Island, 
published  in  1874  by  Gen.  Egbert  L.  Viele,  as  an  aid  to  those  doing 

*  New  York  City. 
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sub-surface  work.  This  map,  popularly  known  as  the  "Viele  map", 
shows  the  old  watercourses  and  swamps  quite  accurately,  and  whenever 
particularly  bad  ground  was  encountered  in  subway  work,  the  reason 
for  it  was  usually  indicated  on  this  map.  An  engineer  engaged  on 
foundation  work  in  New  York  City  told  the  speaker  that  whenever 
he  is  called  on  to  make  a  special  investigation  and  report  on  such 
A\'ork,  he  looks  at  the  "Viele  map"  to  ascertain  whether  or  not  there 
was  an  old  stream  or  swamp  near  the  foundation  in  question. 

The  problem  to  be  met  by  the  construction  engineers  in  the  work 
described  was  a  most  complicated  and  difficult  one,  as  a  reading  of 
the  paper  shows.  The  speaker  doubts  whether  a  tunnel  more  difficult 
to  construct  has  ever  been  built  in  a  narrow  city  street  than  the  one 
between  99th  and  102d  Streets.  That  it  was  completed  successfully, 
without  serious  accident  of  any  kind,  is  cause  for  congratulation,  and 
indicates  the  care  with  which  it  was  supervised.  The  speaker  has  an 
intimate  knowledge  of  this  work  and  is  glad  to  testify  to  the  faithful 
rnd  intelligent  direction  of  it  by  the  Division  Engineer  in  charge, 
John  H.  Myers,  Assoc.  M.  Am.  Soc.  C.  E. ;  the  Assistant  Division  Engi- 
neers, John  H.  Madden  and  I.  V.  Werbin,  Associate  Members,  Am.  Soc. 
C.  E. ;  and  the  Assistant  Engineers  in  charge  of  the  several  sections  of 
construction.  Under  Mr.  Madden  the  work  was  begun  and  well 
advanced.  When  he  was  transferred  to  other  work,  he  was  succeeded  by 
Mr.  Werbin,  who,  up  to  that  time,  had  been  Assistant  Engineer  on  one 
of  the  four  sections.  Mr.  Werbin  is  well  fitted  to  describe  the  work, 
on  account  of  his  close  connection  with  it  and  the  very  careful  attention 
which  he  has  given  to  all  its  details  of  construction. 

Much  credit  is  also  due  the  Bradley  Contracting  Company,  the 
Contractor  for  Sections  8,  10,  and  11,  and  P.  McGovern  and  Company, 
the  Contractor  for  Section  9. 

There  was  a  large  excess  of  excavation  outside  of  the  tunnel  lines 
on  the  sides  and  top,  and,  in  order  to  protect  the  work  and  prevent  loose 
rock  from  coming  down,  the  thickness  of  the  concrete  was  increased 
and  the  walls  thus  strengthened.  Some  of  the  contractors  expect  to 
receive  compensation  for  this  extra  concrete,  but  none  has  yet  been  paid. 

C.  Y.  y.  Powers,*  M.  Am.  So-C.  C.  E. — Referring  to  Mr.  Ridgway's 
remarks  about  the  Viele  map :  In  the  course  of  some  investigation  at 
the  office  of  the  Bureau  of  Street  Openings,  the  speaker  found  original 
maps  and  surveys  much  older  than  the  Viele  map.  They  are  interesting 
and  valuable  as  giving  first-hand  information  in  very  considerable 
detail  concerning  old  surface  conditions.  Any  one  desiring  to  con- 
sult them  can  no  doubt  do  so  by  making  proper  application.  Much  of 
the  information  contained  in  the  Viele  map  was  probably  taken  and 
condensed  from  these  earlier  drawings. 

•  New  York  City. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 


INSTITUTED     1S52 


PAPERS    AND    DISCUSSIONS 

This  Society   is  not  responsible  for  any  statement  made   or  opinion  expressed 
in  its  publications. 


EARTH  P.EESSURES:  A  PRACTICAL  COMPARISON 
OF  THEORIES  AND  EXPERIMENTS 

Discussion.* 


By  Messrs.  William  Cain,  G.  M.  Braune,  and  F.  IST.  Menefee. 


William  Cain,!  M.  Am.  Soc.  C.  E.  (by  letter.):]:— The  author  refers   Mr. 
to  Ketchum's  "Walls  and  Bins"  for  the  writer's  theories  of  earth  pres-  *~^*'°' 
sure.    The  statement  there  is  incomplete,  as  the  writer's  theory  relative 
to  the  "limiting  plane"  is  not  given  in  that  book.§     The  reason  for 
introducing  this  conception  will  be  made  plain  from  the  following. 

In  Fig.  25,  let  210  rep- 
resent the  free  surface  of 
an  unlimited  mass  of  earth, 
subjected  to  no  force  but  its 
own  weight,  20  being  the 
line  of  greatest  declivity, 
making  the  angle,  i,  with 
the  horizontal.  AO  rep- 
resents a  vertical  plane 
perpendicular  to  the  plane 
of  vertical  section,  A20. 
Eankine  has  shown  (Ap- 
plied Mechanics,  Arts.  125,  195)  that  the  earth  thrust,  E,  on  the 
vertical  plane,  AO,  acts  parallel  to  20,  or  to  the  free  surface. 

*  This  discussion  (of  the  paper  by  L.  D.  Cornish,  M.  Am.  Soc.  C.  EI.,  published 
In  August,  1916,  Proceedings,  but  not  presented  at  any  meeting  of  the  Society),  is 
printed  in  Proceedinrjs  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 

t  Chapel  Hill,  N.  C. 

J  Received  by  the  Secretary,  October  9th,  1916. 

§  It  is  to  be  found  in  the  writer's  "Practical  Designing  of  Retaining  Walls" 
(D.  Van  Nostrand  Co.).  pp.  58-61,  and  in  a  more  complete  form  in  his  "Earth 
Pressure,  Retaining  Walls  and  Bins",  pp.  38-42,  recently  published  by  John  Wiley 
and  Sons.      The  latter  book  will  be  referred  to  in  this  discussion  by  the  letters  "E.  P.". 

"f  ■'■'•  .-yi  .q  . "'  -•' 
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Mr.  For  the  case  supposed,  there  are  two  planes  of  rupture,  shown  by 

■  the  dotted  lines,  which  make  angles,  (3  and  y,  with  the  vertical.* 
The  tlirust  on  the  plane,  Al,  can  be  found  by  combining  E,  acting 
one-third  oi  AO  above  A,  with  the  weight  of  earth,  AlO,  the  resultant 
making  the  angle,  <^,  with  the  normal  to  J.  1,  as  ^1  is  a  plane  of  rup- 
ture. Similarly,  the  resultant  thrust  on  a  plane,  A2,  is  found  by 
combining  E  with  the  weight  of  earth,  A20.  Suppose  this  resultant 
makes  the  angle,  A,  with  the  normal  to  A2.  We  always  have 
X  <  cf>  (E.  P.,  p.  38).  The  force  diagram  is  shown  to  the  right,  Pg 
(to  scale)  being  equal  and  parallel  to  E,  gg^  vertical  and  equal  to  the 
weight  of  AlO,  and  gg^  vertical  and  equal  to  the  weight  of  A20. 
Thus,  Pg^  is  the  thrust  on  Al,  making  the  angle,  <^,  with  its  normal, 
and  Pg^  is  the  thrust  on  A2,  making  the  angle,  A,  with  its 'normal. 

Now,  in  place  of  an  unlimited  mass  of  earth,  as  before,  consider 
the  earth  limited  by  the  retaining  board,  A2,  which  may  likewise  repre- 
sent the  inner  face  of  a  retaining  wall  extending  to  its  left;  and,  for 
simplicity,  take  </>'  =  <^.  It  will  now  be  shown  that  we  cannot  assume 
the  thrust  on  the  wall,  J.  2,  to  make  the  angle,  <\/  =  <f},  with  its  normal 
and  compute  the  thrust  by  the  usual  formulas  involving  wall  friction. 
In  fact,  in  order  that  A  should  equal  (f),  the  graphical  method  (E.  P., 
Fig.  10  and  p.  38)  shows  that  the  thrust  on  AO  must  lie  nearer  the 
vertical  in  direction  and  have  a  less  horizontal  component  than  before. 
Therefore,  on  drawing  g^P^  making  the  angle,  cj>,  with  the  normal 
to  A2,  some  line,  P'g,  lying  above  Pg,  and  having  a  less  horizontal 
component  than  Pg,  can  be  supposed  to  represent  the  thrust  on  AO. 
But,  now,  the  resultant,  P'g^  on  Al,  lies  nearer  the  vertical  than  Pg^ 
and  thus  makes  an  angle  greater  than  </>  with  the  normal  to  ^41. 
Hence,  equilibrium  is  impossible.  Therefore,  A  cannot  be  assumed 
equal  to  (f),  and  the  customary  formulas  cannot  be  used  for  finding 
the  thrust  on  A2.  The  Rankine  method  is  alone  admissible,  which 
consists  in  combining  the  thrust,  E  =  Pg,  acting  parallel  to  the  sur- 
face, with  the  weight  of  earth,  A20  =  gg^,  to  find  the  true  thrust, 

Pg^,  on  the  wall,  A  2.   This  acts  at      A  2  above  A . 

The  plane  of  rupture,  Al,  is  called  the  limiting  plane.  When  the 
inner  face  of  the  wall,  or  retaining  board,  extends  from  A  below  it, 
the  Rankine  method  just  given  must  be  used.  If,  however,  the  inner 
face  of  the  wall  or  board  extends  from  A  above  Al,  then  the  usual 
(Cain)  formulas  apply. 

For  <^  =  33°  41',  the  values  of  ft  and  y  are  as  given  in  Table  1. 

In  Fig.  14,  i  =  0°  and  a:  =  18°  26';  the  inner  face  of  the  wall  lies 
above  the  limiting  plane,  as  18°  26'  <  28°  10',  and  the  Cain  method 
is  correctly  given.  In  Fig.  15,  however,  the  Cain  and  Rankine  methods 
agree,  and  the  sections  should  be  identical,  because,  for  i  =  <f},  /3  "^  0, 

*  Formulas  are  derived  In  E.  P.,  p.  102,  for  quickly  computing  these  angles. 


Papers.] 


DISCUSSION    ON    EARTH    PRESSURES 
TABLE  1. 


1517 


Mr. 
Cain. 


i 

/3 

Y 

0 

28° 

10' 

28° 

10' 

5' 

26° 

09' 

30° 

10' 

10- 

24° 

03' 

32° 

16- 

IS" 

21° 

46' 

34° 

33' 

20» 

19° 

OS- 

37° 

11' 

25° 

15° 

SI ' 

40° 

28' 

30° 

10° 

59' 

45° 

20' 

38°  41' 

0° 

56° 

19' 

and  the  limiting'  plane  is  vertical.  The  inner  face  of  the  wall  lies  below 
the  limiting  plane,  and  the  Kankine  method  alone  applies. 

Similarly,  the  solution  for  Fig.  23  should  be  as  indicated  on  Fig.  19, 
so  that  the  remarks  of  the  author,  on  pages  904-05,*  relative  to  Fig.  23, 
do  not  apply  to  the  writer's  section,  which  is  identical  with  Fig.  19. 

To  summarize:  The  corrections  just  given  refer  only  to  Figs.  15 
and  23,  where  the  methods  of  Cain  and  Rankine  are  identical;  so  that, 
in  Fig.  15,  the  Cain  section  should  coincide  with  the  Rankine  section, 
and  Fig.  23  should  be  replaced  by  Fig.  19. 

The  author  has  brought  out  the  interesting  fact  that  the  Rankine 
section  of  Fig.  11,  where  the  earth  surface  is  horizontal,  is  actually 
larger  than  that  of  Fig.  12,  where  the  earth  surface  is  at  the  angle  of 
repose.  For  very  many  years,  the  writer  has  pointed  out  the  inaccuracy 
of  the  Rankine  method  when  applied  to  retaining  walls  with  vertical 
backs,  the  earth  being  level  at  top  (see  E.  P.,  pages  18,  52,  277),  and 
hopes  that  engineers  will  note  the  additional  fact  deduced  by  Mr. 
Cornish,  showing  the  inconsistency  of  the  Rankine  method. 

The  author  has  reached  certain  conclusions,  in  comparing  Figs. 
2  to  8  with  the  corresponding  set.  Figs.  9  to  15,  from  which  the  writer 
is  constrained  to  differ,  simply  because  cohesion  is  included  in  the 
designs,  Figs.  2  to  8,  but  is  omitted  in  computing  the  sections,  Figs. 
9  to  15.  The  variation  of  p  for  the  first  set.  then  offers  no  criterion  for 
judging  of  what  its  variation  should  be  for  the  second  set. 

The  experimental  values  of  K^,  of  Leygue,  were  found  by  the  use 
of  rotating  boards  backed  by  sand,  the  boards  being  0,656  ft.  (say,  8  in.) 
in  height.  The  writer  found  that,  on  account  of  the  very  small  height, 
the  influence  of  cohesion  was  very  marked,  though  only  the  very  small 
value  of  cohesion  of  about  1  lb.  per  sq.  ft.,  was  exerted.  Further,  it 
was  found,  as  exhibited  in  Table  3,f  that  the  theoretical  values  of  K^, 
for  a  cohesion  of  about  1  lb.  per  sq.  ft.,  agreed  very  well  with  the 
experimental  values;  so  that  sections  of  retaining  walls,  based  on  the 
experimental  values  of  K^^,  should  agree  very  closely  with  the  sections 

*  Proceedings,  Am.  Soc.  C.  E.,  for  August,  1916. 

t  "Experiments  on  Retaining  Walls",  etc.,  by  the  writer,  Transactions,  Am.  Soc. 
C.  E.,  Vol.  LXXII   (1911),  p.  421. 
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Mr.  found  by  theory  for  earth  endowed  with  friction  and  a  cohesion  of 
1  lb.  per  sq.  ft.,  for  walls  8  in.  in  height. 

For  walls  10  ft.  high,  a  larger  cohesion  coefficient  is  required  than 
1  lb.  per  sq.  ft.,  in  order  to  give  the  experimental  values  of  K^  pertain- 
ing to  the  8-in.  walls,  which  the  author  has  used.  By  using  the  con- 
struction, Fig.  11,  of  the  paper  just  cited,  it  will  be  found,  for  earth 
weighing  100  lb.  per  cu.  ft.,  level  at  top  and  deposited  behind  a  vertical 
board,  that  the  experimental  value,  K^  =  0.090,  corresponds  to  about 
20  lb.  per  sq.  ft.  cohesion. 

Figs.  2  to  8  can  then  be  conceived  to  be  theoretical  designs  for  walls 
10  ft.  high,  backed  by  earth  weighing  100  lb.  per  cu.  ft.,  with  a  cohesion 
of  20  lb.  per  sq.  ft.,  and  an  angle  of  friction,  <^  =  33°  41',  the  masonry 
weighing  140  lb.  per  cu.  ft.,  the  theoretical  and  experimental  values  of 
A'j  being  nearly  the  same.  Now,  the  theoretical  sections,  Figs.  9  to  15 
(Cain) — Fig.  15  being  corrected  as  above — correspond  to  the  same 
earth,  but  without  cohesion.  By  reference  to  the  paper  cited,*  it  is 
seen,  for  the  experimental  walls  examined,  of  sufficient  height  for 
cohesion  to  be  negligible,  that  the  experimental  and  theoretical  values 
(Cain)  of  K^  were  practically  identical;  so  that  Figs.  9  to  15  can  be 
regarded  as  walls  designed  for  experimental  values  of  K^  for  earth 
without  cohesion. 

Thus,  Figs.  2  to  8,  as  well  as  Figs.  9  to  15  (Cain)  can  be  regarded 
as  sections  designed  for  experimental  values  of  K^,  the  backing,  in 
the  first  set,  being  of  coherent  earth,  and  in  the  second  set,  of  non- 
coherent earth.  If  this  is  true,  then  both  sets  of  sections  are  correct, 
and  the  author  is  unwarranted  in  his  assumption  that  the  variation  of 
p  in  the  first  set  offers  any  criterion  for  judging  of  what  the  variation 
should  be  for  the  second  set.  If  these  sections  are  regarded  as  experi- 
mental ones,  as  seems  highly  probable  from  the  reasoning  above,  then 
the  shortcomings  of  the  Rankine  sections.  Figs.  11  and  12,  are  made 
evident  by  the  comparison. 

In  the  sections,  Figs.  9  and  10  (Cain),  the  earth  thrust  has  been 
assumed  to  make  the  angle,  </>,  with  the  normal  to  the  wall.  This  as- 
sumption is  nearly  true  where  a  is  small  (say,  a  <  10°),  but  the  inves- 
tigations of  Resalf  lead  to  a  definite  formula  for  this  obliquity,  which 
the  writer  has  adopted  (E.  P.,  p.  97),  and  which  leads  to  a  somewhat 
smaller  value  than  ^,  for  the  obliquity,  for  a  =  18°  20'.  The  sections. 
Figs.  9  and  10  (Cain),  would  thus  be  larger  and  would  probably  ap- 
proach the  Ketchum-Rankine  sections.  Experiments  on  model  walls, 
from  6  to  10  ft.  high,  backed  by  clean  sand,  so  that  the  influence  of 
cohesion  is  negligible,  are  sadly  needed,  in  order  to  check,  or  perhaps 
modify,  theory,  particularly  with  respect  to  leaning  walls.  In  fact,  it 
is  known  from  experiment,  that  the  surface  of  rupture  is  curved  and 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXII,  pp.  407-413,  426. 
t  "Pouss6e  des  Terres",  Vol.  1. 
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not  plane,  so  tliat  the  theory  of  earth  pressure  against  retaining  walls,  Mr. 
which  assumes  a  plane  surface  of  rupture,  is  admittedly  approximate, 
and  experiments  on  large  models  will  almost  certainly  modify  its 
indications.*  Since  there  is  no  approximation  introduced  in  the 
Kankine  formula  for  the  thrust  on  a  vertical  plane  in  an  unlimited 
mass  of  earth,  its  results  should  agree  with  experiment  and  one  would 
naturally  expect  the  results  pertaining  to  Fig.  15  (Kankine)  to  be 
verified  by  experiment. 

Two  noted  authors,  Boussinesq  and  Resal,  have  endeavored  to  com- 
plete the  Kankine  theory  by  considering  the  modifications  necessary  for 
those  cases  where  the  full  friction  of  earth  on  wall  is  exerted.  For 
such  cases,  both  authors  regard  the  earth  thrust  on  the  wall  as  making 
the  angle,  cf>,  with  the  normal  to  the  wall.  The  case  where  <^'  <  <^  is 
not  considered  by  either.  Both  theories  are  very  intricate,  but  the 
results  are  probably  more  correct  than  those  pertaining  to  the  ordinary 
sliding  wedge  hypothesis  used  by  the  writer.  The  numerical  values  of 
A'  in  Table  2  may  prove  interesting.! 

TABLE  2.— Values  of  K. 

Earth  Surface  Horizontal.  i ,       , 


Boussinesq. 

R6sal. 

Cain. 

<» 

<i> 

A 

K 

Ji 

K 

<1} 

(2\ 

(3) 

(4) 

(5) 

(6) 

+  w° 

35°  00- 

+  18°  25' 

0.071 

0.064 

+  lO" 

" 

+  31°  49' 

0.096 

0.089 

0° 

33°  41" 

+  33°  41' 

0.142 

0.137 

0.130 

0.159 

0.156 

0.152 

—  10° 

0.180 

0.178 

0.174 

--  15' 

0.206 

0.203 

0.203 

—  SO" 

0.236 

0.235 

0.234 

—  25° 

0.274 

0.273 

0.272 

In  Table  2,  a  is  the  angle  made  by  the  inner  face  of  the  wall  with 
the  vertical;  +  referring  to  walls  leaning  toward  the  earth,  and  — 
referring  to  battered  walls,  as  in  Fig.  1.  The  angle  of  friction  =  cj), 
the  weight  of  earth  ^  w,  in  pounds  per  cubic  foot,  and  the  thrust  on 
the  wall  of  height,  h,  is,  E  ^  K  wh^.  Its  component,  normal  to  the 
wall,  is  E^  =  K^  wk^.  ■  The  thrust,  E,  makes  the  angle,  A,  with  and 
above  the  normal  to  the  wall ;  hence  E^^^  E  cos.  A  and  K^  =  K  cos.  A. 

*  The  modification  will  doubtless  be  more  pronounced  for  leaning  walls  than  for 
vertical  or  battered  ones  ;  because,  when  the  wall  leans  toward  the  earth  filling,  the 
wedge  of  rupture  is  much  smaller  than  for  the  battered  walls  ;  hence,  any  error  due 
to  assuming  a  plane  surface  of  rupture  in  place  of  the  true,  curved  one,  should  be  more 
pronounced  for  the  leaning  walls,  since,  for  them,  the  percentage  of  error  made  in  the 
assumed  wedge  of  rupture  is  greater  for  the  leaning  than  for  the  battered  walls. 
Further,  the  direction  of  the  thrust  on  a  leaning  wall,  derived  from  Resal's  assump- 
tions, needs  experimental  verification. 

t  The  numbers  in  Columns  (4)  and  (5)  were  made  out  partly  by  interpolation 
from  tables,  with  some  computation.  For  the  Boussinesq  theory,  see  tables  by 
Flamant  in  Annales  cles  Fonts  et  Chaussees,  April,  188.5.  Resal's  tables  are  given  in 
his  "Poussee  des  Terres". 
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Mr.  The  differences  in  the  values  of  K  given  in  Column  6  and  in  Coluinns 

'  4  and  5  are  greatest  for  the  leaning  walls  and  for  a  vertical  wall.  From 
values  not  given  here,  it  can  be  seen  that  as  the  surface  slope  increases, 
the  differences  diminish;  so  that,  for  the  earth  surface  at  the  angle  of 
repose,  for  a  negative,  the  coefficients,  K,  are  the  same  by  either  of  the 
three  methods.     Resal,  alone,  treats  the  case  where  a  is  positive. 

The  results  of  neither  Boussinesq  nor  Resal  are  absolutely  exact, 
their  theories  leading  to  differential  equations  that  are  not  integrable. 
Boussinesq  finds  two  limits  to  the  thrust,  and  adds  /^  of  their  dif- 
ference to  the  smaller  to  get  the  most  probable  value  of  the  thrust. 
Eesal  assumes,  as  the  basis  of  his  analysis,  that  the  stresses  along  any 
plane  in  a  mass  of  earth  are  parallel  and  increase  uniformly  from  the 
surface  downward.  This  assiimption,  although  true  for  the  Rankine 
indefinite  mass,  may  not  be  true  for  the  earth  near  a  retaining  wall. 
Both  authors,  by  independent  methods,  reach  the  conchisions  above 
relative  to  the  "limiting  plane".  Fig.  25,  the  method  of  the  writer,  how- 
ever, being  much  the  simplest. 

It  will  be  observed,  from  Table  2,  that  the  corresponding  values  of 
K  do  not  differ  very  materially,  so  that,  with  a  proper  factor  of  safety, 
walls  designed  by  either  method  would  not  differ  in  section  very  ma- 
terially. For  the  design  of  trapezoidal  walls,  the  writer  prefers  the 
factor  of  safety  method,  exactly  as  outlined  in  his  paper*  previously 
quoted.  In  this,  the  normal  component  of  the  thrust  is  alone  mul- 
tiplied by  the  factor  of  safety — the  object  being  to  allow,  somewhat 
empirically,  for  vibration  and  the  lubrication  of  the  back  of  the  wall 
by  water  from  heavy  rains,  which  may  be  styled  the  "time  effect". 
Lubrication  might  be  allowed  for  by  assuming  a  small  value  for  <^' 
(where  the  formulas  involving  </>'  apply),  but  vibration,  due  to  heavy 
trains  passing  at  high  speed,  defies  analysis. 

The  theory  of  earth  pressure  against  retaining  walls  is  a  most  dif- 
ficidt  one,  and  eminent  mathematicians  have  exerted  their  best  efforts 
to  effect  an  exact  solution  without  success,  though  close  approximate 
solutions  have  been  attained — notably  by  Resal  and  Boussinesq.  There- 
fore, any  light  that  can  be  thrown  on  the  subject  is  welcome,  and  the 
author's  comparative  sections  of  triangular  walls  are  very  interesting. 
The  subject  has  taken  on  increasing  interest  since  a  Special  Committee 
of  the  Society  has  been  appointed  to  investigate  the  matter  experi- 
mentally, and  it  is  hoped  that  its  labors  may  be  fruitful  in  results. 

The  great  difficulties  in  reaching  correct  experimental  results,  with 
the  many  sources  of  error,  are  now  better  realized  than  ever  before, 
which  leads  one  to  hope  that  results  of  value  may  be  forthcoming  in 
the  near  future. 

As  supplementing  the  graphical  treatment  of  coherent  earth,  as 
given  in  the  writer's  paper  last  cited,  a  very  brief  analytical  solution 

•  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXII,  p.  433. 
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will  be  given  of  the  case  of  active  thrust  of  earth  with  a  plane  upper   Mr. 
surface,  which  makes  the  ang:le,  i,  with  the  horizontal.     The  earth,  of 
indefinite  extent,  will  be  supposed  to  be  subjected  to  no  external  force 
but  its  own  weight,  so  that,  by  a  theorem  due  to  Rankine,  the  pressure 
on  a  vertical  plane  in  its  interior  acts  parallel  to  the  surface. 


Fig.  26. 
In  Fig.  26,  ABC  represents  an  infinitesimal  wedge  of  rupture,  at  a 
vertical  depth,  x  =  BD,  in  feet,  below  the  free  surface,  the  wedge 
having  a  length  of  unity  perpendicular  to  the  plane  of  the  paper.  The 
lower  face,  AC,  is  supposed  to  make  an  angle,  a,  with  the  vertical,  AD. 
The  angle,  a,  is  always  acute  and  cannot  exceed  90°  —  i,  when  AC  is 
parallel  to  the  free  surface.  The  upper  face,  BC,  of  the  wedge  is 
parallel  to  the  free  surface  and  AB  is  vertical.  For  brevity,  let  the 
length  AB  =  h,  BC  =^  a,  and  AC  ^=  I.  As  these  lengths  will  be  sup- 
posed to  be  indefinitely  small,  the  unit  pressures  on  each  face,  AB, 
BC,  AC,  can  be  regarded  as  uniform. 

Let  t^  =  weight  of  earth,  in  pounds  per  cubic  foot; 
cf)  =  angle  of  friction ; 
c  =  cohesion,  in  pounds  per  square  foot; 
p  =  vertical  unit  pressure  on  BC; 

Q  =  unit  pressure  on  AB,  acting  parallel  to  the  free  surface; 
n  =  normal  component  of  unit  pressure,  r,  on  A  C. 
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Mr.  It  is  understood  that  <^  and  c  have  been  determined  by  experiment,* 

*^^'°'  and  it  must  be  carefully  noted  that,  except  when  c  =  0,  <^  is  not  the 
angle  of  repose. 

The  vertical  prism  of  earth  vertically  over  BC  has  a  horizontal 
section  with  an  area  of  a  cos.  i  and  a  volume  xa  cos.  i,  so  that  vertical 

pressure  on  BC  is,  pa  =  wax  cos.  i.    The  weight  of  ABC  is  _  icah  cos.  i, 

which  is  a  second-order  infinitesimal  (as  it  involves  ah)  ;  hence  it  can 
be  neglected  in  comparison  with  the  first-order  infinitesimal,  pa.  The 
pressure  on  AB,  acting  parallel  to  the  surface  is  qh,  and  the  normal 
reaction  on  ^C  is  nl.  If  motion  is  impending  down  AC,  it  is  resisted 
by  the  full  friction,  nl  tan.  </>,  and  the  cohesion,  cl,  both  acting  up  the 
plane,  AC.  The  resultant  of  the  normal  reaction  (nZ)  and  the  tan- 
gential component  (cl  -\-  nl  tan.  </>)  is  rl,  as  shown  on  Fig.  26,  where 
ON  ■=  nl,  NL  =  nl  tan.  cf),  LQ  =  cl,  QO  =  rl,  and  NOL  =  <^.  The 
three  forces,  pa,  qh,  and  rl,  acting  on  the  wedge,  ABC,  must  be  in 
equilibrium ;  hence  OPQ  is  a  closed  triangle,  if  OP  is  laid  off  vertically 
(to  scale)  =  pa,  PQ,  parallel  to  the  surface,  =  qh,  and  QO  =  rl. 
Otherwise,  if  QO  is  replaced  by  its  components,  QN  and  NO,  equilib- 
rium is  indicated  by  the  closed  polygon,  OPQNO. 

For  equilibrium,  the  sum  of  the  components  of  pa,  qh,  and  the  com- 
ponents (cl  -\-  nl  tan.  </>)  and  nl,  of  rl,  perpendicular  and  parallel  to  AC 
must  be  separately  equal  to  zero. 

p  a  sin.  a  -\-  q  h  cos.  (a  +  i)  =  n  I (1) 

p  a  COS.  a  —  q  h  sin.  (a  -\-  i)  =  n  I  tan.  (^  -\-  c  I (2) 

From  the  triangle.  A  B  C  ,hj  the  law  of  sines, 

h  COS.  (a  +  0     I    c<JS-  i 

a  sin.  a       '  «  sin.  a 

On    dividing    Equations    (1)    and    (2)    by    a,    and    substituting    the 

h    I 
values  of     ,     ,  and  clearing  of  fractions. 
a    a 

p  sin.-  a  -\-  q  cos.^  (a  -\-  i)  =  n  cos.  i, 

p  cos.  a  cos.  (fi  sin.  a  —  q  sin.  (a  -\-  i)  cos.  </>  cos.  (a  -{-  i) 

=  n  sin.  <^  COS.  i  -\-  c  cos.  (^  cos.  i. 

Substitute  in  the  last  equation  the  value  of  n  cos.  i  from  the  preceding 

equation,  transpose,  and  factor, 

p  sin.  a  [cos.  <^  cos.  a  —  sin.  </>  sin.  a] 
—  q  COS.  (a  -\-  i)  [sin.  (a  -\-  i)  cos.  <^  -\-  cos.  (a  +  i)  sin.  <^] 
=^  c  cos.  c/>  COS.  i; 
or, 

p  sin.  a  COS.  (a  +  <^)  —  q  cos.  (a  -|-  i)  sin.  (a  +  t  -|-  c^) 

=  c  COS.  (f)  cos.  t (3) 

*  After  the  methods  outlined  by  the  writer  in  "Cohesion  in  Earth",  or  methods 
based  on  the  same  principles.  Transactions,  Am.  Soe.  C.  E.,  Vol.  LXXX  (1916), 
p.  1315. 
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The  true  active  thrust  corresponds  to  that  value  of  a  tliat  makes   Mr. 

,  Cain. 

cl  q 
q  b  or  q  a,  maximum.*     For  a  maximum  g,  -—  =  0;  hence  differentiat- 

II  a 

lug  Equation  (3)  with  respect  to  a,  and  putting  — -  =  0  (which  cancels 

one  term),  we  have, 

p  [cos.  a  COS.  (a  -{-  <f>)  —  sin.  a  sin.  (a  +  </>)] 
—  <?[eos.  (a  +  i)cos.  (a  -\-  i-\-<j))  —  sin.  (a -\- i)  sin.  (a -\- i -{-  <^)]  =0; 
whence, 

p  cos.  (2  a  +  </,)  —  f?  COS.  (2  a  +  2  i  +  (/,)=  0 (4) 

Equations  (3)  and  (4)  give  the  solution,  which  thus  corresponds  to 
the  least  value  of  q  for  which  equilibrium  is  possible.  This  value  of 
q  is  the  unit  conjugate  thrust  at  B,  at  depth  x,  corresponding  to  the 
limit,  as  h  tends  indefinitely  toward  zero. 

When  q  =  0,  from  Equation  (4),  cos.  (2  or  -(-  (^)  =  0;  therefore 

2  a-\-  <{,  =  90°,  or,  a  =  45°  —  ~. 

On  substituting  this  value  of  a  in  Equation  (3)  and  putting  g  =  0, 
p  ^  w  x'  cos.  i,  we  obtain, 

to  x'  COS.  i  sin.  (45° —  )  cos.  (45°  +  -77-)  =  ^  sin.  (90°  —  (p)  cos.  i 

=  2  c  sin.  ^45° ^\  cos.  (ib°  —  -^\  cos.  i. 

2  c  /  <p  \ 

X'  = tan.  (  45°  +  ^  ) (5) 

10  \  2  / 


Therefore  .         2  c 


where  x'  =  the  vertical  depth  from  the  surface  to  where  the  conjugate 
thrust,  g  =  0. 

In  Fig.  26,  the  case  where  g  =  0,  would  require  P  Q  ^  0,  so  that 
Q  0,  the  reaction  of  the  corresponding  plane  of  rupture,  A  C,  would 
be  vertical.  For  x  <C  x\  q  remains  zero  and  p  a  =  0  P  ^  the  weight 
of  the  prism  of  earth  vertically  over  B  C ,  is  entirely  sustained  by  n  I 
(corresponding),  combined  with  only  a  part  of  (c  Z  +  n  Z  tan.  <^), 
so  that  the  reaction,  r  I  =  Q  0,  remains  vertical  for  any  value  of  x 
from  zero  to  x'  and  there  is  no  thrust,  q,  on  a  vertical  plane  for  the 
depth,  x'.  In  fact,  it  can  be  shown  generally  from  Equations  (3)  and 
(4)  that  when  0  <  a;  <  a/,  g  will  come  out  negative,  or  Q  will  lie  to 
the  left  of  P,  indicating  that  a  pull,   q  h,  on  A   B  is  necessary  for 

*  In  Fig.  26,  let  PQ'  represent  a  less  thrust  than  the  maximum,  PQ,  where  Q' 
(not  shown)  is  on  PQ  to  the  left  of  Q.  Draw  a  line  from  Q'  parallel  to  QN  to  the 
Intersection  N'  with  ON  and  lay  off  on  it  Q'L'  =  QI  =  cX.  The  new  closed  polygon  of 
forces,  corresponding  to  OPQNO,  is  OPQ'L'N'O.  Now,  however,  N'OL'  is  greater 
than  <t>\  but  4)  being  a  constant,  it  is  inconsistent  with  equilibrium  that  the  angle  of 
friction  required  by  the  new  construction,  N'OL'  should  exceed  <J> ;  hence  a  less  thrust 
than  the  maximum,  cjb  =  PQ,  is  inconsistent  with  equilibrium. 
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equilibrium,  if  tlie  full  friction  and  cohesion  on  A  C  is  exerted.  There- 
fore, equilibrium  is  possible  when  q  ^  0,  and  only  a  part  of  (c  Z  + 
n  I  tan.  <^)  is  exerted.  It  follows  that,  for  the  unlimited  mass  of  earth, 
subjected  to  no  force  but  its  own  weight,  there  is  no  stress  on  a  vertical 
plane  in  the  mass,  for  the  depth,  a;  =  0  to  a:  =  a;'. 

When,  from  any  cause,  the  earth  tends  to  move  away  to  the  left 
oi  B  D,  a,  pull  will  be  exerted  on  B  D  for  a  depth,  af,  and  its  value, 
at  depth,  x  <  x',  can  be  found  from  Equations  (3)  and  (4).  This 
implies  that  the  earth  is  capable  of  exerting  the  tension  required. 
As  clayey  earths,  after  heavy  rains,  often  form  vertical  cracks  during 
the  subsequent  drying  out  and  contraction,  it  seems  unwise  to  depend 
on  this  tension,  either  in  the  case  of  stable  slopes  or  retaining  walls. 
The  tension  may  be  exerted  for  some  time,  but  eventually  it  may  and 
doubtless  will  be  destroyed.  In  the  writer's  paper,*  Fig.  11,  page  416, 
refers  to  the  case  where  tension  is  supposed  to  be  exerted  over  the 
depth,  a;';  and  Fig.  25,  page  461,  to  the  case  where  no  tension  is  sup- 
posed to  be  exerted  from  the  surface  to  the  depth,  x',  given  by  Equa- 
tion (5). 

The  method  of  solution  of  Equations  (3)  and  (4)  will  now  be 
indicated,!  using  a  numerical  illustration.  Let  i  =  30°  =  (j>,  c  =  100 
lb.  per  sq.  ft.,  w  =  100  lb.  per  cu.  ft.     From  Equation  (5),  find  x'  =; 

—  tan.  ^45°  -f  — ^  =  2  tan.  G0°  =  3.46  ft.  At  this  depth,  as  proved 
w  \  2  / 

0 
above,  a  =  45°  —  -^  =  30°.     Next,  eliminate  q  between  Equations 

(3)  and  (4),  and  substitute  w  x  cos.  i  for  p.  The  equation  can  now  be 
solved  for  x,  and  on  substituting  increasing  values  of  a,  starting  with 
a  =  30°,  the  values  of  x  given  in  Table  3  can  be  found. 


TABLE  3.— Values  of  x. 


X, 

9. 

in  feet. 

in  pounds  per  square  foot. 

30° 

3.46 

0 

35° 

5.26 

84 

40° 

8.42 

258 

45° 

15.00 

646 

50° 

.32.70 

1  847 

55° 

124.00 

8  738 

The  values  of  a  give  the  angles  made  by  the  plane  of  rupture,  AC, 
Fig.  26,  for  the  successive  vertical  depths,  x,  from  the  surface,  so  that 
the   curved   surface   of   rupture,   AS,   Fig.    27,   can  be   approximately 

*  "Experiments  on  Retaining  Walls",  Transactions,  Am.  See.  C.  E.,  Vol.  LXXII. 
t  The  method  is  very  long  and  tedious,  and  not  adapted  to  practice ;  hence  the 
writer  was  led,  in  his  book  on  "Earth  Pressures",  to  utilize  Mohr's  "circular  diagram 
of  stress",  not  only  to  develop  the  theory  of  coherent  earth,  but  also  to  reach  numerical 
results  with  facility.  See  Chapter  V  of  that  treatise  on  the  complete  theory  of 
coherent  earth. 
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drawn.  It  approaches  indefinitely  parallelism  to  the  surface  at  great  Mr. 
depths  for  i  =  <f>,  assvuned.  The  region,  of  depth  x',  siistains  no  con- 
jugate stress.  To  find  the  values  of  the  conjugate  stress,  q,  at  the 
depths,  X,  given  above,  substitute  in  Equation  (4)  the  values  of  a 
corresponding  and  replace  p  by  wx  cos.  i.  The  values  of  q  are  quickly 
computed  for  the  corresponding  values  of  a  and  x  given  above.  The 
conjugate  stress,  q,  acts  parallel  to  the  surface,  but  it  was  laid  off 
horizontally  in  the  figure.  The  curve  corresponding  is  slightly  con- 
cave upward.  When  i  =  0,  the  surface  of  rupture  is  plane;  for  i  >  0, 
it  is  curved  and  concave  upward,  and  the  curvatvire  increases  with  i. 
Thus,  a  is  found  to  increase  with  the  depth,  and  may  attain  the  limit- 
ing value,  a  =  90°  —  i,  when  AC,  Fig.  26,  is  parallel  to  the  surface. 


15.0(/ 


W  =  100  Lb.  per  cu.ft. 
^\  C   =  100  Lb.  per  sq.ft. 


S  a  =  616  Lb.  per  sq.ft. 

Fig.  27. 

On  substituting  a  =  90°   —  i  in  Equations   (3)   and   (4),  we  at 
once  find, 

c  cos.  (p 


p  = 

9  = 


sin.  (i  —  (/>y 
c  cos.  (2  i  —  0) 
sin.  (i  —  (p) 


.(6) 


Since  p  is  always  finite  and  positive,  the  case  cannot  occur  when 
i  <  <f}  OT  i  =  (f),  but  it  does  occur  when  i  >  <^  at  a  certain  depth,  which 
call  x^.     Thus,  substituting  p  =  wx^  cos.  i,  in  the  first  of  Equations 
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Mr.    (6),  we  find  the  limiting  depth  at  which  the  surface  of  rupture   is 

parallel  to  the  surface, 

c  cos.  <p  _ 

^   — _ ,  ^ ,  ,  ( i\ 

^       w  cos.  i  sin.  (i  —  0) 

There  is  no  equilibrium  for  a  greater  depth,  since  a  cannot  increase 
farther,  no  wedge  of  rupture,  ABC,  Fig.  26,  being  formed.  Thus  slip- 
ping is  impending  at  a;  =  a;^,  and  would  occur  for  x  >  x^,  unless  the 
earth  is  confined  by  walls,  natural  or  otherwise,  the  resistance  of 
which  thus  introduces  external  forces  not  contemplated  in  the  theory 
of  the  unlimited  mass,  subjected  to  no  external  force  but  its  own 
•  weight. 

If,  in  Fig.  26,  we  droY>  a  perpendicular  from  B  on  the  "free  sur- 
face", and  call  its  length  /(,  we  have  /(  =  x^  cos.  i;  whence,  substituting 
in  Equation  (7),  we  derive, 

c  cos.  (p 
sm.  (t  —  (P)  = -^ (8) 

w  h 

From  this  equation,  for  an  assumed  value  of  h ,  the  value  of  i  can  be 

found.     This  is  the  maximum  inclination  of  the  surface  corresponding 

h 

to  the  f^iven  h.     After  i  has  been  thus  found,  x^  ^ can   be   com- 

"       cos.  I 

puted. 

(p 
When   i,    increasing,    attains   the   value,  45*^  +  -—  ,  the  value  of  cCq 

Jt 

2  c  /  (f)  \ 

reduces  to,  x^  =  —  tan.   (  45°  +  — r  )  =  a;',  by  Equation  (5).     At  this 

(p 
depth,  x'   (where    g  :=  0),  it  was  found  above   that,   a  =:  45°  —  — , 

as  should  be,  since  a  =  90°  —  i  when  AC,  Fig.  26,  is  parallel  to  the 
surface.     It  follows,  if  there  is  to  be  any  active  thrust,  that  we  must 

always  have,  i  <  45°  -\ — — . 

The  most  interesting  conclusions  relative  to  the  general  case, 
■i  >  0,  have  now  been  given.  When  the  earth  surface  slopes  down- 
ward to  the  right  from  D,  Fig.  26,  the  conjugate  thrust  still  acting 
parallel  to  the  surface,  it  can  be  shown  that  Equations  (3)  and  (4) 
hold,  on  simply  replacing  i  by  ( — i). 

It  is  not  the  intention  to  enter  into  passive  thrust  or  resistance,  but 
it  may  be  stated  that  the  solution  can  be  effected  along  lines  similar  to 
those  used  in  the  case  of  active  thrust.* 

For  active  thrust,  the  most  important  case  is  that  for  which  i  ^  0, 

or   the   free   surface   horizontal.      From   Equation    (4)    we   obtain,    at 

<t> 
once,   cos.    (2   a    +    0)   =  0 ;    whence,   a  =  45°    —    — ,  for   any   x. 

*  In  the  writer's  "Earth  Pressures",  the  case  of  passive  thrust  is  fully  discussed 
by  aid  of  Mohr's  circular  diagram  of  stress. 
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It  follows  that  the  surface  of  rupture  is  jihine,  and  that  it  bisects  the    Mr. 

angle  between  the  vertical  and  the  line  making  the  angle,  (f>,  with  the 

horizontal. 

0 
On  substitutnig,  a  =  45°  —  — -,  in  Equation  (3),  putting   w  x  for 

p,  solving  for  q,  and  reducing, 

q  =  tan.   ^5° j-\  f/c  x  tan.  (45°  —  -|-^  —  2  f]  . . . .  (9) 

This  equation  can  be  written  in  the  form, 

q  =  IV  tan.2  As^  —  -|^)  [^  —  ^  tan.  A5°  +  —^  1. 
Therefore, 

q  =  w  tan.""'  (^45°  —  -— ^  fa;  _  x'l (10) 


where,    Equation    (5),   x' 


tan, 


(45°  +  -|-V   is   the    depth   at 


which  g  =  0,  as  found  above  for  any  i. 

The  results  are  as  indicated 
in  Fig.  28,  where  BO  is  the 
horigontal  free  surface,  and  at 
depth,  X,  q  (to  scale)  is  repre- 
sented by  FA.  The  plane  of 
rupture  is  AD,  and  DE  =  IB 
=  x' ;  so  that,  for  the  unlimited 

mass  of  earth,  as  shown  above,    ,^ 
.  M 

there  is  no  horizontal  stress  on 

IB  or  DE,  the  weight  of  EDO 
being  supported  by  the  vertical  reaction  of  DC.     The  conjugate  hori- 
zontal stress  on  the  vertical  plane,  AB,  is  thus  null  on  the  portion, 

IB,  and  increases  uniformly  from  I  to  A,  no  that  its  resultant, 
tan.2(4o°--^), 


1 


acts  at        A  I  =  ,    y  above  A,  where  y 


2 

X  —  X' 


w  y' 


The  case  is  different  for  a  limited  mass  of  earth  supported  by  a 

retaining  wall,  AHNM,  which  moves  over  slightly  to  the  left.     First, 

suppose   AH   to    lie   below   the   "limiting   plane",   making   the   angle, 

0 
45°  —  -— ,  with  the  vertical.     In  this  case,  if  the  earth  is  capable  of 

exerting  tension  in  the  layer,  IDCB,  the  stress  on  IB  will  be  tensile, 
increasing  uniformly  from  /  to  B,  the  unit  tension  at  the  depth, 
X   <   x',  being  given  by  Equations  (9)   or   (10),  corresponding  to  the 
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Mr.    minus  sign  of  q.     At  a;  =  0,  the  numerical  value  of  this  tension  is, 
Cain. 

^Q  :=  2  c  tan.    (45°  —  ~i^)  =:  L  B,  say,  and  the  total  tensile  stress  on 

1                  2  c2                              2  ^2 
I  B  =z  ;^  x'  qr.=-  .     This  stress, ,  acts  horizontally  to  the  right 

x' 
at  a  point  on  A  B,  ——  below  B. 
o 

The  total  stress  on  AB  is  thus  the  difference  between  the  resultant 

stresses  on  AI  and  IB,  and  the  position  of  the  resultant  of  the  two  can 

be  found  by  taking  moments.     This  total  stress  on  AB  can  be  put  in 

another  form  by  integrating  qdx  between  the  limits  x  =  AB  and  zero. 

Using  Equation  (9),  the  total  stress  is  found  to  be, 

tan.   f  45°  —  ~\  \~Y~  ^^^^"  ('^''° 1~)  —  2  c  x]. 

The  tensile  stress  in  the  upper  layer,  of  depth,  x',  is  transmitted 
to  DE,  where  its  effect  is  to  cause  impending  motion  downward  of  the 
wedge,  DCE,  so  that  the  whole  of  the  friction  and  cohesion  possible, 
is  exerted  on  AC.  In  fact,  if  we  regard  ABC  as  the  wedge  of  rupture, 
it  can  be  independently  proved  that  the  total  horizontal  thrust  is 
exactly  that  given  by  the  last  equation.  In  this  case,  the  total  thrust 
on  the  wall  can  be  found  by  combining  the  thrust  on  AB  with  the 
weight  of  earth,  AHB. 

If,  however,  AH  lies  above  the  limiting  plane,  the  graphical  method 
of  Fig.  11*  can  be  applied,  in  order  to  find  the  stress  on  AH.  The 
position  of  this  resultant  stress  is  uncertain.  There  are  no  tensile 
stresses  exerted  by  the  wall  on  the  earth,  so  that  the  state  of  stress  on 
AB  i^  changed,  particularly  when  AH  \%  vertical,  in  which  case,  the 
stress  on  AH  =  AB,  is  wholly  compressive,  though  exerted  only  over 
a  lower  portion.  The  state  of  stress  in  the  mass,  ABC,  is  complex, 
involving  tension  over  DE,  but  only  compression  over  a  part  of  AH. 
As  an  approximation,  the  position  of  the  resultant  thrust  on  AB,  for 
X  >  x',  can  be  assumed  to  be  the  same  as  in  the  first  case,  where  AH 
was  supposed  to  lie  below  the  limiting  plane,  and  the  thrust  on  AH  can 
be  taken  at  the  same  or  a  slightly  greater  height. 

The  case  will  not  be  entered  into  further,  because,  for  purposes  of 
design  of  walls,  it  seems  unwise  to  count  on  any  tension  in  the  layer, 
BD,  as  a  permanent  feature.  Then,  ii  AH  lies  below  the  limiting 
plane,  the  thrust  on  AI, 

\wy^  tan.2  (^45°  —  ^)  , 

acting  ^    above   A,  is  combined  with  the  weight  of   earth,  BAH.,  to 
find  the  resultant  thrust  on  the  wall. 

*  "Experiments  on  Retaining  Walls",  Transactions,  Am.  Soc.  C.  E..  Vol.  LXXII, 
p.  416. 
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If  AH  lies  at  or  slightly  above  the  limiting  plane,  the  same  method   Mr. 
will  suffice;  but,  as  AH  approaches  the  vertical,  this  method  will  lead  ^^'°" 
to  exaggerated  dimensions  of  the  wall,  and  resort  can  be  had  to  the 
graphical  method  of  Fig.  25*  in  order  to  find  the  thrust  on  the  wall. 

A  word  may  be  appropriately  added  here  as  to  Resal's  monumental 
work,  "Poussee  des  Terres,  II,  Theorie  des  Terres  Coherentes"  (1910), 
which  is  the  first  complete  treatise  on  coherent  earth  to  appear.  The 
solutions  of  all  the  cases,  for  both  active  and  passive  thrust,  are  in- 
cluded in  one  general  formula.  In  the  treatment  of  the  one  case  of 
active  thrust  above,  the  writer  used  a  different  independent  variable 
from  Resal,  so  that  the  general  Equations,  (3)  and  (4),  are  not  the 
same  as  the  corresponding  ones  of  Resal,  but  are  equivalent,  for  the 
case  considered,  and  lead  to  the  same  conclusions.  Resal's  treatment 
of  retaining  walls,  backed  by  coherent  earth,  is  cumbersome,  and  the 
writer  prefers  a  more  exact  method,  which  is  in  reality  shorter  and 
more  convincing.  This  criticism,  however,  does  not  apply  to  Resal's 
general  analysis  of  earth  pressure,  which  will  doubtless  always  prove 
as  inspiring  to  subsequent  investigators  as  it  has  to  the  writer. 

G.  M.  BRAUNE,t  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:]: — The  writer     Mr. 
is  in  sympathy  with  Mr.  Cornish  when,  in  closing  his  paper,  he  says: 

''The  writer  has  never  been  able  to  find  or  think  of  any  good  reason 
for  assuming  that  the  slope  of  surcharge  should  govern  the  slope  of 
the  resultant  earth  thrust  for  great  depths." 

There  are  two  general  original  theories  or  principles  for  deter- 
mining the  earth  pressure  against  retaining  walls— namely.  Coulomb's 
and  Rankine's. 

Coulomb's  theory  is  preferable,  for  the  main  reason  that  the  selec- 
tion of  the  direction  of  the  earth  pressure  may  be  assumed  to  fit 
each  individual  case.  If  there  is  no  friction  between  the  filling  and 
the  wall,  the  earth  pressure  would  act  normally  to  the  back  of  the 
wall;  if  the  angle  of  friction  between  wall  and  filling  is  equal  to  </>', 
then  the  earth  pressure  would  be  inclined  to  the  normal  under  an 
angle  that  would  approach  the  value  of  (/>'.  Whether  the  earth  pressure 
is  chosen  normal  to  the  back  of  the  wall  or  inclined  does  not  make 
very  much  difference  in  the  magnitude,  but  it  does  affect  considerably 
the  overturning  moment  about  the  toe  of  the  wall,  therefore  a  judicious 
selection  of  the  direction  is  an  important  feature  in  the  design  of  walls. 

Dr.  Miiller-Breslau  has  made  some  experiments  at  the  Charlotten- 
burg  Laboratory  on  earth  pressures,  and  as  the  writer  believes  that 
the  results  of  these  experiments  are  not  generally  known,  certain  parts 
of  them  will  be  given. 


•  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXII,  pp.  461,  466. 
t  Cincinnati,  Ohio. 
t  Received  by  the  Secretary,  October  14th,  1916. 
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Horizontal  Filling 


^^ffTff^^'^^^^^^-ifi^^  foot-note) 


Case  IV 


(about) 


Magni- 
tude of 
P. 


(I) 


91  kg. 


113  kg. 


134  kg. 


195  kg. 


Direction 
of  P  to 

the 
normal. 


(2) 


About 

27° 


About 

27° 


About 

27° 


About 
27° 


Point 
of 
applica- 
tion. 


(3) 


0.31  yi 


0.33  ;i 


0.36ft 


0.375  h 


[Papers. 


Computed 
P,  aftei- 
Coulomb, 

using 
direction 
as 
determined 
from  ex- 
periments. 

(4) 


89  kg. 

(88.6kK.)* 


98  kg. 
(103  kg.)* 


124  kg. 
(122  kg.)* 


183  kg. 
(187.5kg.)* 


*  The  figures  in  parentheses  in  Column  (4)  give  the  value  of  P  as  computed  by 
the  writer  for  an  angle  of  direction  of  27°0'. 

In  Case  4,  evidently  a  clerical  error  was  made  in  stating  that  the  angle  of  sur- 
charge equaled  V^  <t>  =  16°,  and  giving  a  computed  value  of  P  as  183  kg.  for  this 
angle.  The  value,  187.5  kg.,  was  computed  by  the  writer,  using  a  surcharge  angle 
equal  to  %  <t>  =  24°. 

In  describing  these  experiments,  the  height  of  wall  is  given  as 
744  mm. ;  the  filling  used  was  ordinary  sand,  weighing  1  600  kg.  per 
eu.  m.  The  angle  of  friction  between  the  back  of  the  wall  and  the 
sand  was  found  to  be  31°  8',  and  the  angle  of  repose  32  degrees.  The 
average  results  secured  on  the  vertical  backs  are  shown  in  Table  4. 
The  magnitude,  direction,  and  point  of  application  were  determined 


Papers.]  DISCUSSION   ON    EARTH   PRESSURES  1531 

for  different  slopes  of  fillinj;-  behind  the  wall.     The  values,  as  deter-      r.ir. 
mined  from  Coulomb's  formula,  using  the  angle  of  direction  as  deter-  ^''*"''^- 
mined  from  the  experiments  (27°),  are  given  as  a  comparison  with 
the  experimental  values. 

It  will  be  noticed  that  the  inclination  of  the  filling  back  of  the 
wall  had  practically  no  influence  on  the  direction  of  the  earth  pres- 
sure, contrary  to  Eankine's  theory.  In  connection  with  these  experi- 
ments, it  might  be  stated  that  no  allowance  was  made  for  the  fric- 
tional  resistance  between  the  material  and  the  sides  of  the  box,  which 
would  make  some  changes  in  the  magnitude  of  the  earth  pressures, 
but  probably  would  not  have  much  effect  on  the  direction. 

In  view  of  these  experiments.  Dr.  Miiller-Breslau  recommends  that 
the  angle  between  the  direction  of  earth  pressure  and  the  normal 
should  not  exceed  three-tjuarters  of  the  angle  of  repose,  ev-en  with  good 
drainage  and  a  rough  surface  on  the  back  of  the  wall,  and  provides 
that  the  resultant  shall  cut  the  base  at  one-quarter  back  from  the  toe. 

The  nature  of  the  foundation,  of  course,  would  control  the  .point 
of  application  of  the  resultant.  For  unyielding  foundations,  the 
resultant  could  safely  fall  outside  of  the  middle  third,  provided,  of 
course,  the  material  is  not  stressed  beyond  a  safe  working  limit. 

It  is  the  writer's  intention  to  undertake  some  earth  pressure  experi- 
ments at  the  University  of  Cincinnati,  commencing  this  fall  (1916), 
and  an  endeavor  will  be  made  to  eliminate  the  effect  of  frictional 
resistance  resulting  from  the  pressure  on  the  side-walls. 

F.  N.  Menefee,*  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). f — The  writer  Mr. 
has  watched,  with  a  great  deal  of  interest  and  profit,  the  results  of  ^°^  ^^■ 
Mr.  Cain's  plea  for  more  light  on  the  subject  of  cohesion  in  earth, 
bringing  out  facts  bearing  directly  on  the  behavior  of  soil  itself, 
as  well  as  more  information  on  the  closely  related  subject  of  retaining 
walls.  The  following  remarks  are  a  result  of  the  writer's  attempt  to 
choose  a  formvila  for  the  amount  and  direction  of  the  earth  pressure 
behind  an  80-ft.  retaining  wall. 

It  is  generally  conceded  that  Rankine's  formulas  give  conservative 
results  and  that  in  most  cases  the  modified  formulas  developed  by 
other  investigators  are  rational  and  well  within  the  bounds  of  good 
mechanics.  There  is,  however,  one  noticeable  incongruity  when  the 
direction  of  the  resultant  thrust  obtained  by  these  formulas  is  com- 
pared with  that  obtained  by  simple  mechanics.  To  illustrate  this 
point  the  writer  will  refer  to  the  author's  diagrams  and  to  the  dis- 
cussion by  Messrs.  Goodrich  and  Cain  on  the  paper  entitled  "Cohesion 
in  Earth:  The  Need  for  Comprehensive  Experimentation  to  Deter- 
mine the  Coefficients  of  Cohesion."t 

*  Jackson,  Mich. 

t  Received  by  the  Secretary,  October  18th,  1916. 

t  Transactions,  Am.  Soc.  C.  B.,  Vol.  LXXX,  pp.  1315-1341. 
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Mr.  Mr.  Cornish  mentions  the  confusing  differences  of  direction  of  the 

ene  ee.  resultant  pressure  as  given  by  different  formulas,  whereas,  with  a  given 
coefficient  of  friction  between  the  earth  in  question  and  the  material 
in  the  wall,  it  appears  to  the  writer  that  there  is  only  one  possible 
maximum  slope  to  the  resultant,  regardless  of  the  assumptions  made 
as  to  the  angle  of  repose  or  the  slope  of  the  surcharge.  The  writer 
appreciates  the  correctness  of  the  formulas  considering  the  assump- 
tions, and  also  the  part  which  conjugate  stresses  play  where  there  is 
a  surcharge,  but  believes  that  if  the  coefficient  of  friction  of  the 
earth  against  the  wall  can  be  determined,  sufficient  data  immediately 
become  available  for  finding  the  slope  of  the  resultant  pressure.  For 
instance,  referring  to  Fig.  13,  the  re- 
sultant pressure  is  given  a  slope  equal 
to  that  of  the  surcharge.  The  magni- 
tude, by  Leygue's  formula,  is  4 14G 
lb.,  which,  with  the  slope  given, 
makes  the  component,  parallel  to  the 
back  face  of  the  wall,  2  308  lb.  In 
the  common  friction  formula  the  tan- 
gential force  necessary  to  move  an 
object,  divided  by  the  normal  force, 
is  the  coefficient  of  friction.  For  the 
case  chosen,  then,  2  308  ^  4160  = 
0.555,  or  there  must  be  a  coefficient  of 
friction  of  0.555  in  order  to  give  the 
force  of  2  308  lb.  parallel  to  the  back 
face  of  the  wall.  In  designing  retain- 
ing walls,  however,  do  we  know  that 
such  a  coefficient  exists,  between  the 
earth  and  the  wall,  or  do  we  even  in- 
vestigate it?  In  choosing  a  formula 
for  finding  the  resultant  pressure,  it 
seems  to  the  writer  that  we  approach 
the    problem    backward    and    reach    a 

conclusion  which  may  or  may  not  he  true,  for,  if  the  coefficient  of 
friction  is  not  as  great  as  0.555,  no  number  of  formulas,  however  well 
deduced,  will  make  it  so.  Suppose,  for  instance,  that  it  was  deter- 
mined by  experiment  that  the  coefficient  of  friction  for  the  earth  on 
the  wall  in  question  was  0.35;  then  the  maximum  possible  tangential 
force  on  the  back  of  the  wall  would  be  1455  lb.,  and  the  slope  of 
the  resultant  could  not  be  greater  than  1455  ^  4160,  or  about  19° 
16'.  Before  any  greater  force  parallel  to  the  back  of  the  wall  could 
be  developed,  slipping  would  result. 

In  designing  some  high  counterforted  walls  of  the  general  shape 
shown  in  section  in  Fig.  29,  the  writer  found  that  the  normal  pressure 
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Fig.  30. 


57?^^ 


of  the  embankment  came  on  the  earth  in  the  cells  of  the  wall.  In  Mr. 
this  case,  both  friction  and  cohesion  would  act,  if  called  on,  and  cause  Menefee. 
a  downward  force  parallel  to  the  back  of  the  wall;  but  that  tangential 
force  could  never  be  more  than  friction  and  cohesion  would  develop, 
and  for  that  reason  the  writer  argues  that,  instead  of  attempting  to 
got  the  slope  of  the  resultant  by  formula,  the  coefficient  of  friction  and 
cohesion  of  the  earth  in  question  should  bo  determined,  which,  when 
umltiplied  by  the  normal  force,  will  give  the  maximum  tangential 
force  that  can  be  developed  on  the  back  of  the  wall. 

According  to  the  tabular  values  in 
Figs.  1  and  2  in  the  discussion  by 
Messrs.  Goodrich  and  Cain,  one-fourth 
is  not  an  uncommon  value  for  the  co- 
efficient. This  means  that  any  result- 
ant force  obtained  by  formulas  in 
which  the  slope  is  greater  than  one- 
fourth  is  incorrect,  in  direction  at 
least,  for  its  component  parallel  to 
the  back  of  the  wall  would  be  sufficient 
to  cause  rupture  along  the  plane,  A  B. 

Further  illustration  might  be  made  by  resorting  to  the  mechanics 
involved  in  Fig.  30.  Suppose  a  block,  B,  is  being  pushed  by  a  force, 
P,  against  another  block.  A,  resting  on  the  floor,  as  shown.  The  force, 
P,  may  be  decomposed  into  a  horizontal  force,  P^,  and  a  vertical  force, 
P^.    Then 

p^  =  F,  +  n (1) 

and  Pn   =   ^ft    +    P\ (2) 

i?^  =  P;,  X  (coefficient  of  friction  +  cohesion),  and  no  more. 
If  Fy  is  not  sufficient  to  equalize  F,,,  then  P\  must  increase  until 
Equation  (1)  holds.  As  F^  depends  on  the  normal  force  and  the 
coefficient  of  friction  and  cohesion,  and  P„  is  equal  in  magnitude 
and  opposite  in  sense  to  the  active  vertical  component  of  P,  then 
the  writer  believes  that  the  most  direct  method  of  obtaining  the 
vertical  component  of  P  is  by  that  outlined  above. 
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Elias  Cahn,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).:}: — The  writer  Mr. 
has  read  this  paper  with  great  interest,  particularly  the  part  relating  *^^°°- 
to  the  tests  on  concrete  piles,  and  considers  the  Profession  greatly 
indebted  to  the  author  for  their  publication.  It  is  a  pity,  however, 
that  these  valuable  tests  were  not  extended  to  include  the  influ- 
ence of  other  factors  bearing  on  the  supporting  power  of  these 
piles  and  their  settlement  under  load,  no  less  important  than 
those  considered.  Time  is  one  of  these  factors,  and  should  not  be  neg- 
lected in  dealing  with  earth,  because  stresses  travel  so  slowly  through 
this  medium.  All  the  tests,  particularly  No.  5,  give  indications  of 
this,  but  the  time  taken  in  any  of  them,  about  1  hour,  is  very  far  from 
sufficient  to  develop  this  influence  fully.  The  depth  to  which  a  pile 
is  driven  is  also  an  important  factor. 

The  following,  therefore,  are  suggested  as  additions  to  the  author's 
conclusions : 

(8)  The  settlement  accompanying  the  development  of  a  certain 
pressure  will  be  greater,  the  longer  the  time  taken  to  develop  this 
pressure. 

(9)  A  pile  will  settle  under  the  action  of  a  constant  pressure  at  a 
rate  and  for  a  time  depending  on  the  pressure,  the  area  of  the  base 

•  Discussion  of  the  paper  by  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  E.,  continued  from 
October,  1916,  Proceedings. 
t  New  York  City. 
t  Received  by  the  Secretary,  October  14th,  1916. 
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Mr.  of  the  pile,  the  kind  of  material  which  the  pile  penetrates,  and  the 
Cahn.  guj.(3]jarge  over  the  horizontal  plane  through  the  bottom  of  the  pile. 

The  earth  immediately  under  the  pile,  when  subjected  to  the 
maximum  pressure  of  the  jack,  as  is  clearly  indicated  by  the  rebound, 
is  in  a  state  of  excessive  compression,  which  undoubtedly  decreases 
in  all  directions  from  this  point.  There  will  be  a  tendency  to  equalize 
this  compression  in  time,  thereby  reducing  that  immediately  under 
the  pile,  and  eithei  decreasing  its  resistance  or  causing  further  settle- 
ment. 

The  conditions  under  which  equilibrium  is  finally  obtained  and  the 
total  settlement  in  time  under  a  definite  pressure  or  load,  are  the  deter- 
minants of  what  the  safe  load  should  be,  rather  than  the  pressure  it 
is  possible  to  develop  with  the  jack  in  a  short  time. 

In  Conclusion  (5)  no  mention  is  made  of  the  effect,  on  its  sup- 
porting power,  of  the  depth  to  which  the  pile  is  driven.  This  depth, 
for  any  given  earth,  determines  the  compression  that  the  material 
imder  the  pile  will  stand  permanently,  and  therefore  the  load  it 
will  support. 

The  practice  of  considering  the  safe  load  as  one-half  the  maximum 
pressure  obtained  with  the  jack,  therefore,  is  not  logical  imless  the 
depth  of  penetration  and  the  kind  of  earth  as  well  as  the  area  of  the 
base  of  the  pile  are  considered  in  determining  the  pressure  to  be 
obtained  with  the  jack.  Aside  from  any  difference  in  the  skin  friction, 
a  pile  driven  30  ft.  into  the  earth  would  have  a  greater  supporting 
power  than  if  driven  only  15  ft.,  though  the  same  pressure  is  obtained 
with  a  jack  in  the  manner  described  in  the  paper,  simply  because  the 
earth  at  the  lower  level  will  stand  permanently  a  greater  degree  of 
compression  than  at  the  upper  level. 

The  author  has  done  more  than  his  share  in  conducting  the  tests 
recorded,  and  it  is  to  be  hoped  that  those  who  may  have  the  opportunity 
in  the  future  will  continue  where  he  has  left  off,  clearing  up  this 
matter  of  the  effect  of  time  and  of  depth  of  penetration  on  the  settle- 
ment of  a  pile  under  a  constant  pressure  after  the  earth  under  it  has 
been  compressed  by  a  far  greater  pressure. 

Mr.  T.  Kennard  Thomson,*  M.  Am.   Soc.  C.  E. — It  is  a  pleasure  to 

omson.  ^^^   ^   well-designed   piece   of   work   well   carried   out,    and   then   well 

described;  and  the  Society  is  once  more  indebted  to  Mr.  Parsons. 

Whenever  the  writer  sees  a  "jack"  under  a  building  he  thinks  of 
the  comments  of  an  eminent  lawyer  who  was  wont  to  laugh  at  engi- 
neers for  their  careless  use  of  the  English  language,  for  he  claimed 
that  they  nearly  always  referred  to  the  process  of  "jacking  up  the 
building";  whereas,  they  did  not  do  anything  of  the  sort,  as  the 
method  was  to  put  a  jack  between  the  base  of  a  building  and  a  post 

*  New  York  City. 
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or  sill  resting  on  the  ground  and  then,  by  operating  the  jack,  force  the      Mr. 
post  or  sill  into  the  ground,  keeping  the  building  itself  exactly  where      o"^^"- 
it  was,  instead  of  "jacking  it  up". 

The  sentimental  reasons  against  disturbing  the  church  building 
and  graveyard  undoubtedly  entered  into  the  selection  of  this  design. 
The  contract  price,  as  stated  by  the  author,  was  $982  740  for  1  000  ft. 
Otherwise,  it  might  have  been  cheaper  to  tear  down  the  old  building 
instead  of  underpinning  it.  However,  the  occupants  of  the  building 
and  countless  thousands  of  pedestrians  gained  by  the  lack  of  disturb- 
ance of  surface  conditions. 

It  was  fortunate  in  this  case  that  two  of  the  most  dangerous 
elements,  often  encountered  in  underi:)inning  operations,  were  absent — 
that  is,  water,  and  bad  design  or  construction  of  the  building  to  be 
underpinned. 

The  speaker  recalls  one  biiilding  which  caused  him  much  worry, 
due  to  its  very  defective — to  say  the  least — construction.  It  was  some 
twelve  stories  high;  the  two  lower  floors  were  supported  by  cast-iron 
and  steel  columns  of  various  shapes  and  the  floors  above  were  carried 
by  brick  walls.  The  first  joint  uncovered  disclosed  the  fact  that  two 
20-in.  beams  did  not  rest  on  the  shelf  brackets  of  the  cast-iron  columns, 
as  there  was  at  least  a  2-in.  space  between  the  bottom  of  the  I-beams 
and  the  top  of  the  shelf,  and  although  there  had  been  provision  for 
several  bolts  to  connect  the  flange  of  the  columns  to  the  webs  of  the 
beams,  only  one  bolt,  for  each  beam,  had  been  put  in  place — so  all 
the  support  which  the  heavy  20-in.  I-beams  had  was  one  |-in.  bolt 
each.  If  a  safe  or  any  other  heavy  article  had  ever  been  moved  over 
these  beams,  there  would  have  undoubtedly  been  a  bad  collapse. 

Needless  to  say,  the  disclosure  of  such  an  unsafe  condition  in  the 
first  joint  uncovered  caused  much  worry  aboiit  the  possible  condition 
of  the  many  joints  in  the  building,  which  it  was  not  possible  to  uncover 
for  examination.  However,  the  building,  which  rested  on  quicksand, 
at  the  surface  of  the  ground-water,  was  safely  underpinned  by  forcing 
cylindrical  caissons  to  bed-rock  from  60  to  70  ft.  below  the  water 
surface,  through  New  York  quicksand. 

The  speaker  has  underpinned  walls  eighteen  stories  high,  by  putting 
cylindrical  caissons  dovm  by  the  Breuchaud  method,  through  70  ft 
of  water  and  quicksand,  and  then  constructing  a  cellar  for  the  new- 
building  35  ft.  under  water.* 

In  underpinning  a  six-story  building  by  jacking  down  16-in.  pipes 
until  they  were  supposed  to  have  reached  hardpan  (as  a  matter  of  fact 
they  offered  so  much  resistance  to  the  jacks  that  the  weight  of  the 
old  building  was  really  taken  off  the  old  foundations,  as  shown  b.y  hori- 
zontal cracks  in  the  brickwork),  it  was  found,  after  all  the  sand  had 

*  A  full  description  of  this  work  was  published  in  Engineering  News,  March  28th, 
1901. 


1538   DISCUSSION  :  UNDEKPINNING  trinity  vestry  building    [Papers. 

Mr.  been  washed  out  of  the  cylinders  and  they  had  been  filled  with  good 
omson.  eojiQpg^e^  which  should  have  made  the  underpinning  strong  enough 
to  carry  very  much  heavier  loads  than  those  to  which  they  were 
subjected  (for  the  building  was  practically  raised  by  jacking  against 
the  empty  pipes,  that  is,  before  they  had  been  filled  with  concrete) 
that  the  cylinders  actually  settled  when  the  pneumatic  caissons  were 
being  smik  near-by,  thus  loosening  up  the  soil  around  the  pipes  and 
thereby  destroying  the  friction.  It  would  seem,  therefore,  that 
dependence  cannot  be  placed  on  such  pipes  when  the  surrounding  mate- 
rial is  likely  to  be  disturbed. 

The  author  states  that  in  the  Trinity  Yestry  Building  the  friction 
of  the  material  around  the  pipes  was  disregarded,  and  that  the  pipes 
were  treated  as  short  columns  having  all  the  load  transmitted  to  the 
base,  but  these  pipes  were  comparatively  short.  The  length  of  such 
cylinders  is  often  30  ft.  or  more;  they  are  too  long  to  be  considered  as 
short  columns,  and  offer  very  considerable  resistance,  due  to  the  friction 
of  the  earth. 

Owing  to  this  lack  of  reliability,  the  speaker  does  not  usually 
recommend  underpinning  with  cylinders,  unless  they  are  large  enough 
to  permit  a  man  to  enter  them  to  excavate  the  material  and  then  fill 
them  with  concrete.  A  cylinder  having  an  outside  diameter  of  30  in. 
is  about  the  smallest  that  can  be  used  for  this  purpose. 

It  pays  to  use  an  ample  thickness  of  metal  in  the  cylinders,  for 
the  speaker  has  seen  them  made  so  thin  that  it  was  impossible  to 
see  the  bottom  of  the  excavation  from  the  top,  owing  to  the  warping 
of  the  pipes  while  being  jacked  down. 

On  removing  some  old  buildings  on  Wall  Street,  New  York  City, 
which,  about  14  years  previously,  had  been  underpinned  by  14-in. 
pipes  jacked  down  and  filled  with  the  best  of  concrete  (paper  bags 
having  been  used  there  also),  except  for  the  bottom  2  ft.  of  the  cylinder, 
it  was  found  that  it  had  been  impossible  to  pvunp  out  all  the  sand,  and 
the  concrete  had  probably  set  without  thoroughly  compressing  the  sand 
in  the  lower  2  ft.  of  the  pipe. 

This,  of  course,  would  allow  the  building  to  settle  at  least  a  few 
inches,  if  it  ever  happened  that  the  friction  of  the  soil  against  the 
pipe  was  insufficient  to  carry  the  load,  as  is  often  the  case  when  the 
soil  is  disturbed. 

In  underpinning,  as  in  other  foundation  work,  no  hard-and-fast 
rules  can  be  laid  down,  as  each  building  requires  a  treatment  of  its 
own. 

The  author  refers  to  the  rebound  of  the  cylinders  after  the  jacks 
were  removed,  and  the  method  taken  to  prevent  it.  The  usual  method, 
however,  is  to  use  steel  wedges,  either  between  steel  plates  and  beams, 
or  between  granite  wedging  blocks. 

The  speaker  tested  some  open  concrete  caissons  for  a  bridge  in 
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New  Jersey  a  few  years  ago,  and  measured  the  rebound.     The  cylin-       Mr. 
ders  were  of  reinforced  concrete  G  ft.  6  in.   in  diameter,  having  an  ''^^*^™^°°- 
open  well,  about  3  ft.  6  in.  in  diameter  from  the  bottom  to  the  top, 
to  permit  the  material  to  be  excavated  by  clam-shell  buckets. 

After  the  caisson  had  penetrated  some  75  ft.,  and  was  resting 
on  what  was  supposed  to  be  fairly  good  sand,  it  was  filled  solid  with 
concrete  to  the  top,  which  was  87  ft.  from  the  cutting  edge,  making 
a  solid  concrete  pier,  6  ft.  6  in.  in  diameter,  from  12  ft.  above  ground 
to  the  cutting  edge. 

After  this  had  stood  for  some  time,  a  load  of  steel  rails  was  grad- 
ually applied  until  a  maximum  of  10.24  tons  per  sq.  ft.  of  base  of 
the  pier  was  attained. 

A  gradual  settlement  of  |  in.  resulted,  and,  when  the  load  was 
removed,  the  rebound  was  i  in.,  leaving  a  supposed  permanent  settle- 
ment of  I  in.  As  this  settlement  had  been  caused  by  applying  10.24 
tons  per  sq.  ft.,  and  as  the  total  weight  of  the  bridge,  with  its  live 
load,  would  not  exceed  6  tons  per  sq.  ft.,  it  would  seem  that  the  piers 
would  be  perfectly  safe.  As  a  matter  of  fact,  however,  the  jar  of 
the  trains  started  fresh  settlement  in  a  number  of  the  piers,  and  this 
continued  for  about  one  year,  when  the  maximum  of  6  in.  was  reached. 
This  was  about  5  years  ago;  and  since  then  there  has  been  no  trouble. 
Strange  to  say,  the  piers  which  settled  were  those  which  were  supposed 
to  rest  on  the  best  material. 

The  speaker  once  constructed  a  tunnel  7  ft.  in  diameter,  by  the 
poling-board  method,  under  Cedar  Street,  New  York  City,  and  then 
ran  a  branch  trmnel  4  ft.  in  diameter  for  104  ft.  up  the  street.  The 
7-ft.  tunnel  was  just  below  the  sewers  and  other  pipes,  and  just  above 
the  water  line  at  the  bottom,  as  about  6  in,  of  very  damp  sand  had 
to  be  handled.  The  work  was  done  so  carefully  that  there  was  abso- 
lutely no  settlement  in  the  street,  and,  as  a  matter  of  fact,  nobody 
except  those  concerned  in  the  construction  knew  that  the  tunnel 
had  been  built. 

It  might  be  interesting  to  mention  the  fact  that  in  Michigan,  where 
there  are  mining  shafts  4  000  ft.  or  more  in  depth,  it  has  been  noted 
that  heavy  weights  dropped  from  the  top  of  the  shaft  never  reach 
the  bottom,  as  the  revolution  of  the  earth  causes  them  to  strike  the 
side  (always  the  same  side)  of  the  shaft,  and  become  lodged  there. 
This  was  first  noticed  when  a  very  heavy  weight  was  accidentally 
dropped  from  the  top  and  it  was  feared  that  the  men  in  the  shaft 
must  have  been  killed,  but  the  men  did  not  even  know  that  anything 
had  fallen,  because  it  never  reached  the  bottom. 

James   F.    Fouhy,*   Esq. — The   speaker   would   like   to   know   Mr.     Mr. 
Parsons'  opinion  as  to  whether  or  not  the  rebound  of  the  piles  was  due    °^  ^' 
to  looseness  at  the  joints  of  the  pile  sections.    Such  rebound  can  hardly 

*  New  York  City. 
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Mr.  be  attributed  to  loose  joints  when  the  piles  are  concreted.  The  speaker 
^°"  ^'  has  tested  numerous  piles  recently  before  placing  the  concrete  filling. 
The  sections  were  from  12  to  16  in.  in  diameter,  -^^  in.  thick,  and 
from  7  to  12  ft.  long.  Tests  up  to  40  tons  were  made  with  piles  in 
clay,  and  80  tons  with  piles  on  rock.  In  all  the  tests,  the  rebound  was 
noted,  and  it  is  not  unlikely  that  play  at  the  joints  was  responsible 
therefor. 

Mr.  Charles  Eufus  Hahte,*  M.  Am.  Soc.  C.  E. — The  speaker  would 

Harte.    .  .  . 

like   to    know   whether   the   rebound   occurred    immediately   after   the 

pressure  was   removed,   or  whether   it  was  some  time  afterward  that 

the  piles  showed  a  tendency  to  come  up? 

In  connecting  the  Providence  Division  of  the  New  York,  ISTew 
Haven  and  Hartford  Railroad  with  the  South  Station,  at  Boston, 
Mass.,  in  1889,  the  necessity  of  maintaining  traffic  on  the  important 
streets  crossed  led  to  the  use  of  a  pile-driver  with  very  short  leaders, 
and  sectional  piles,  which  were  made  by  sawing  ordinary  piles  into 
lO-ft.  lengths  and  fitting  the  lower  end  of  each  piece  with  a  wrought- 
iron  ferrule  about  12  in.  long,  and  a  central  dowel  of  2-in.  pipe.  A 
special  driving  head,  consisting  of  a  heavy  ferrule  with  a  short  section 
of  pile,  received  the  direct  blow  of  the  drop-hammer  and  protected  the 
upper  end  of  each  section ;  as  soon  as  a  section  was  flush  with  the 
ground,  this  head  was  removed,  a  new  section  fitted  on  it,  the  head 
put  on  the  upper  end,  and  the  driving  continued  until  the  pile  was 
seated  in  the  hard  clay  from  40  to  60  ft.  below  the  surface.  The 
material  overlying  the  clay  was  salt  marsh  mud  stiffened  by  the  ashes, 
earth,  and  other  filling  material  with  which  the  Back  Bay  district 
had  been  reclaimed;  it  flowed  laterally  and  vertically  as  displaced  by 
the  piles,-  forming  a  mound  in  some  cases  2  or  3  ft.  higher  than  the 
original  surface,  and,  through  the  skin  friction,  opened  the  joints 
of  the  piles  already  driven,  causing  the  tops  to  come  up  in  some  cases 
nearly  1  ft. 

This  adjustment  of  pressure  extended  over  some  little  time,  but, 
as  a  rule,  if  the  piling  of  a  group  was  tapped  by  the  driver  48  hours 
after  the  last  pile  was  driven,  there  was  no  further  movement. 

With  sand,  however,  as  in  Mr.  Parsons'  case,  the  speaker  would 
not  exjx'ct  such  delayed  action.  The  Boston  fill  had  decided  elasticity, 
which  here  would  be  lacking. 

Mr.  Joseph  A.  A.  Connelly,!  Assoc.  M.  Am.  Soc.  C.  E. — If  the  speaker 

y.  iinderstood  Mr.  Parsons  correctly,  he  has  stated  that  the  load  used  in 

testing  the  piles  was  from  40  to  50%  in  excess  of  the  required  load. 

Hie  has  also  stated  that  the  pile  was  jacked  down  under  this  excess 

load,  was  held  in  place  by  the  jack,  and  that  the  load  of  the  super- 

•  New  Haven,  Conn. 
t  New  York  City. 
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Sitructure  was  then  wedged  hard  down  on  tlie  pile,  so  as  to  prevent  any      Mr. 
motion.     The  speaker  iircsumes  the  motion  referred  to  was  the  rebound  ^""°®"y- 
of  the  pile. 

Assuming  the  required  load  on  the  pile  to  be  40  tons,  the  load  under 
which  the  pile  would  be  jacked  down  and  held  in  place  would  be  60 
tons.  The  speaker  would  like  to  know  how  a  pile  under  a  pressure  of 
GO  tons  can  be  held  in  place  by  a  superstructure  load  of  40  tons.  It  is 
very  probable  that  even  40  tons  is  in  excess  of  the  load  which  the  pile 
actually  receives  from  the  building,  while  the  60  tons  is  actually  placed 
on  the  pile  by  the  jack. 

It  has  been  suggested  that  the  rebound  may  be  due  to  motion  at 
the  joints  of  the  pile,  but,  in  the  speaker's  opinion,  this  is  not  the  case. 
On  work  of  which  he  has  had  charge,  steel  casings,  filled  with  concrete, 
we^e  driven  to  a  depth  of  34  ft.  These  casings  were  made  up  of 
seventeen  2-f t.  sections,  and  thus  there  were  sixteen  joints  in  each 
pile.  As  in  the  cases  mentioned  by  the  author,  the  piles  rebounded 
about  ^  in.  when  the  jacks  were  released.  If  all  this  rebound  was  due 
to  motion  at  the  joints,  and  was  considered  to  be  equally  divided,  the 
movement  at  each  joint  would  be  j^-^  in. ;  this,  in  the  speaker's  opinion, 
is  too  small  to  lend  much  support  to  the  theory  that  pile  rebound  is  due 
to  joint  motion. 

A  statement  has  also  been  made  that  a  pressure  of  77  tons  was  sus- 
tained by  an  empty  pile  made  up  of  short  steel  sections;  this  pile 
resistance,  under  conditions  such  as  those  outlined  in  the  paper^  seems 
to  be  high;  one  would  be  led  to  suspect  that  an  obstruction  had  been 
encountered. 

J.  S.  Br.\nne,*  M.  Am.  Soc.  C.  E. — The  speaker  wishes  to  ask  Mr.     Mi- 
Parsons'  opinion  as  to  the  behavior  of  the  steel-cased  concrete  piles. 

It  is  stated  in  the  paper  that  the  piles  rebounded  after  releasing  the 
pressure  exerted  by  the  jack  which  had  forced  them  down.  It  seems 
to  the  speaker  that  this  rebound  is  due,  in  a  large  measure,  to  lack  of 
skin  friction  in  these  piles — the  surface  being  a  smooth  steel  plate — 
and  that  this  would  not  occur  in  piles  with  a  rough  surface,  as  in  a 
concrete  pile  cast  and  seasoned  before  driving,  or  even  in  a  wooden 
pile,  the  latter  having  more  or  less  knots  and  irregularities.  The  ma- 
terial through  which  the  piles  were  forced  is  stated  to  be  coarse  sand, 
and  this  should  offer  quite  some  resistance  to  rebound.  The  speaker 
believes  that,  in  a  soft  clay  soil,  there  would  be  a  rebound,  due  to  the 
elasticity  of  the  soil  and  the  lubricating  influence  of  the  moisture  in 
the  clay. 

Referring  to  the  jill  frames  which  were  driven  forward  with  jacks, 
the  speaker  would  like  to  know  how  large  a  section  of  frame  was 
pushed  forward  at  one  time,  that  is,  how  wide  a  .section ;  and  also  how 
much  pressure  was  required  to  push  such  section  forward  ?     In  case 

*  New  York  City. 


Branne. 


1543    DISCUSSION  :  UNDERPINNING  TRINITY  VESTRY  BUILDING    [Papers, 

Mr.     of  an  unusual  obstruction,  as,  for  example,  a  large  boulder,  the  speaker 

■  supposes  that  such  obstruction  would  be  removed  by  the  laborers  with 
picks  and  shovels. 

Mr  A.  W.  BuEL,*  M.  Am.  Soc.  C.  E.— The  speaker  would  like  to  know 

■  whether  it  is  possible  that  a  part  of  the  rebound  is  due  to  the  elastic 
recovery  of  the  pile  itself? 

With  a  modulus  of  elasticity,  Eg,  taken  at  2  000  000,  the  elastic 
recovery  of  a  pile,  14  in.  in  diameter  and  40  ft.  long,  under  a  load  of 
40  tons,  would  be  0.01  ft.,  or  J  in. 

L  =  40  ft. ; 

Diameter  =  14  in. ; 

Area  =  154  sq.  in.,  nearly;  and 

P  =  40  tons  =  80  000  lb. 

Then,  if  E^.  is  assumed  at  the  usual  value  of  2  000  000,  there  will 

result : 

P       80  000        ^    „ 
/  =  — -  =  -- — :—  =  520  lb.  per  sq.  in. 
A     .      154 

f  L 
Deformation  =  elastic  recovery  (nearly)  ■=  e  = 

520  lb.  X  40  ft.       ^  ^,    ,  . 

=        -,  , ^^       =  0.0104  ft.,  or  1  in. 

2  000  000  '       ' 

The  average  final  rebound,  of  the  four  tests  in  which  it  was  recorded, 
appears  to  be  0.2715  in.,  or  slightly  more  than  l  in.  The  elastic 
recovery  of  the  pile  itself  is  shown  to  be  just  about  one-half  of  this,  if 
the  modulus  of  elasticity  is  taken  at  2  000  000.  Considering  the  con- 
ditions under  which  the  concrete  is  placed,  it  would  not  be  surprising 
if  the  modulus  were  less  than  2  000  000,  in  which  case  the  elastic 
recovery  of  the  pile  itself  would  be  a  still  larger  proportion  of  the 
total  final  "rebound".  The  remainder  of  the  final  rebound — probably 
not  more  than  J  in.,  and  possibly  less — might  be  just  as  well  described 
and  explained  as  the  "elastic  recovery"  of  the  material  supporting  the 
pile,  as  to  call  it  a  "readjustment  of  the  particles".  In  the  last  analysis, 
there  may  not  be  much  distinction  between  the  two  descriptions  or 
explanations,  but  if  the  phenomena  can  be  explained  by  the  action  of 
well  understood  properties  of  matter,  there  would  not  seem  to  be  any 
good  reason  for  seeking  new  theories. 

If  the  figures  given  by  the  speaker  are  correct,  and  the  rebound  is 
due,  in  about  equal  parts,  to  the  recovery  of  the  pile  and  of  the  material 
supporting  it,  then  both  would  be  of  about  equal  importance.  The 
records  of  the  five  tests  indicate  stress-strain  relations  not  very  dif- 
ferent from  those  characteristic  of  concrete  columns.  This  would 
naturally  be  expected,  as  both  the  concrete  and  the  supporting  material 
are  imperfectly  elastic  and,  like  the  concrete,  the  supporting  material 
probably  has  a  variable  modulus  of  elasticity. 
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W.  B.  Yereance. 


Frank  S.  M.  Harris,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). t — Mr.  Mr. 
Lippincott  has  taken  a  thoroughly  commendable  stand  in  insisting 
that  municipalities  enter  a  public  utility  field  which  is  more  or  less 
adequately  served  by  a  privately  owned  utility  under  rate  conditions 
equivalent  to  those  confronting  the  private  enterprise.  It  is  only  as 
a  result  of  such  an  equitable  attitude  that  private  capital  may  be 
expected  to  "pioneer"  in  those  fields  into  which  the  public  is  not  for 
the  time  desirous  of  entering.  It  is  decisions  such  as  that  in  the 
hearing  of  the  City  and  County  of  San  Francisco  in  the  matter  of 
special  crossing  privileges  for  its  Municipal  Eailways,§  in  which  the 
municipality  was  reduced  to  the  standing  of  a  private  corporation, 
which  have  operated  to  remove  the  bitterest  of  the  criticism  heaped 
on  the  heads  of  utility  commissions  by  the  public  service  corporations 
which  have  been  "regulated". 

The  writer  has  but  recently  completed  an  exhaustive  survey  of 
the  whole  franchise  situation  for  the  City  of  Oakland,  Cal.,  in  the 
course  of  which  there  was  indirectly  revealed  the  devious  if  not 
perilous  path  traversed  by  the  average  public  utility  company  prior 
to  1900.  The  manifold  injustices,  at  the  hand  of  shifting  political 
regimes  under  which  they  labored,  were  but  equalled  by  the  corrupt 

*  This  discussion  (of  the  paper  by  J.  B.  Lippincott,  M.  Am.  Soc.  C.  E.,  published 
in  September,  1916,  Proceedings,  and  presented  at  the  meeting  of  October  18th,  1916), 
is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before 
all  members  for  further  discussion. 

t  Oakland,  Cal. 

}  Received  by  the  Secretary,  October  27th,  1916. 
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Mr.  advantage  which  they  in  turn  took  of  the  municipality.  It  is  re- 
Hams,  freshing,  therefore,  to  find  set  forth  so  fair  a  basis  for  square  dealing 
between  the  municipality  and  the  private  corporation. 

Mr.  Lippincott,  however,  considers  only  the  case  in  which  the 
municipally  owned  utility  exists  side  by  side  with,  but  completely 
independent  of,  the  privately  owned  utility. 

Of  late  years,  an  innovation  is  being  written  into  the  franchises 
of  privately  owned  utilities,  in  which  the  municipality  is  an  active 
partner  in  all  development  and  extension  programmes,  as  well  as  in 
the  formulation  of  financial  and  operating  policies.  Such  a  provision 
is  but  a  corollary  of  the  principles  advocated  by  Mr.  Lippincott. 

For  the  new  blanket  resettlement  franchise,  now  being  sought  by 
the  San  Francisco-Oakland  Terminal  Railways  in  exchange  for  its 
130  or  more  parcel  franchises,  the  following  provisions  are  found: 

(1) — A  board  of  control  composed  of  one  representative  of  the 
city  and  one  representative  of  the  company  shall  have  juris- 
diction over  such  matters  as  extension,  outlay  for  equipment, 
allowance  for  depreciation,  and  the  like;  and 

(2) — After  payment  of  operating  expenses,  taxes,  depreciation  as 
fixed  by  the  board  of  control,  and  a  6%  return  on  its  agreed 
physical  valuation,  at  least  55%  of  the  net  revenue  remaining 
shall  be  paid  to  the  city. 

These  clauses  are  in  addition  to  the  usual  machinery  of  the  inde- 
terminate franchise,  providing  for  the  taking  over  of  the  ownership 
by  the  city  on  6  months'  notice  at  the  agreed  physical  value. 

It  would  seem  that,  until  such  time  as  public  ownership  is  the 
accomplished  fact  which  it  now  bids  fair  rapidly  to  become,  either  an 
equitable  rate-making  policy  for  the  municipal  competitor  or  an  implied 
co-operation  between  the  municipality  and  the  privately  owned  public 
utility  are  the  essentials  of  any  thoroughly  satisfactory  solution  of 
the  existing  difficulties. 
Mr.  T,  Kennard  Thomson,*  M.  Am.   Soc.   C.  E. — Mr.  Lippincott  de- 

Thomsou.  serves  the  thanks  of  the  Society  for  his  very  clear  presentation  of  a 
most  vital  issue. 

We  are  going  through  a  formative  stage  at  present  with  such  sub- 
jects as  socialism,  sufFragettism,  unionism,  public  ownershipism, 
anarchism,  and  general  radicalism,  and  the  tendency  of  the  country 
is  to  try  everything,  even  including  Wall  Street  speculation;  but, 
fortunately — like  an  intelligent  child  who  has  burnt  his  fingers — the 
country  profits  from  the  expensive  experience,  and  tries  something 
else.  For  instance,  a  town  will  elect  a  Socialist  mayor,  and  then  snow 
him  under  at  the  next  election.  Again,  a  State  will  try  the  "refer- 
endum and  recall",  pass  a  dozen  different  and  contradictory  bills  on 
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tlie  same  day,  and  then  try  to  recall  both  the  ''recall  and  the  refer-       Mr. 
enduni".     The   experiments   which   prove   profitable   will   remain,   and  Tfiomson. 
even  a  few,  like  suffrage,  will  undoubtedly  stick,   if  adopted,  whether 
really  beneficial  or  not. 

When  it  comes  to  public  ownership,  we  have  examples  in  New 
York  City — the  Staten  Island  Ferry,  Brooklyn  Bridge,  etc. — which, 
as  everybody  knows,  are  not  financially  profitable.  Even  the  Rapid 
Transit  would  not  pay  if  entirely  owned  by  the  municipality.  For 
what  city  would  dare  to  pay  a  yearly  salary  of  $100  000  or  more  to 
one  man,  even  if  he  could  earn  many  times  that  much  for  the 
tax-payers. 

Ninety-nine  men  out  of  a  hundred  will  say  that  no  man  is  worth 
more  than,  say,  $10  000  a  year,  and  that  he  (that  is,  the  other  man) 
has  dozens  of  men  under  him  who  could  do  the  work  as  well  or  better 
for  less  money ;  and  this  in  face  of  the  facts  found  actually  all  over 
the  world  for  it  is  hard  to  make  people  believe  what  they  see. 

To  take  a  single  example:  The  Intercolonial  Railroad,  one  of  the 
best  built  railroads  in  America  when  constructed  by  the  Canadian 
Government,  enjoyed  an  absolute  monopoly  between  Halifax  and 
Quebec  for  many  years.  True,  the  country  was  larely  undeveloped, 
but  not  as  much  so  as  the  vast  Canadian, Northwest  was  when  the  late 
Sir  William  Van  Home  finished  the  Canadian  Pacific  Railroad;  but 
Van  Home  saw  to  it  that  the  great  prairies  were  developed  to  build 
up  his  road;  whereas  the  men  who  ran  the  Government-owned  Inter- 
colonial stuck  strictly  to  the  business  of  operating  the  road,  instead  of 
creating  business  to  make  the  road  pay,  with  the  result  that  for  some 
40  years  the  road  did  not  even  earn  operating  expenses,  let  alone  pay 
taxes  or  interest  on  the  money. 

The  speaker,  when  recently  talking  to  a  prominent  Canadian,  sug- 
gested that,  if  the  Government  had  engaged  a  man  like  the  late  Sir 
William  Van  Home,  or  the  late  James  J.  Hill,  F.  Am.  Soe.  C.  E.,  or 
any  one  else  of  that  caliber,  and  offered  such  a  man  a  salary  of,  say, 
$50  000  plus  a  bonus,  he  would  have  earned  his  salary,  a  bonus  of 
several  hundred  thousands  a  year,  after  having  paid  the  Government 
ample  taxes  and  a  good  interest  on  the  money  invested  in  the  railroad, 
and,  at  the  same  time,  would  have  developed  the  adjoining  territory, 
thus  benefiting  the  country  from  one  end  of  the  Dominion  to  the  other. 

My  friend  contradicted  me,  saying  that  the  Government  at  one 
time  really  did  engage  a  man  capable  of  getting  these  results,  and 
that  he  at  once  began  by  examining  the  freight  rates,  which  disclosed 
the  fact  that  many  of  them  were  ridiculously  low.  He  ordered  the 
rates  raised  and  made  the  same  for  all.  To  make  a  long  story  short, 
his  days  were  numbered,  and  the  road  ran  on  as  before. 

On  repeating  this  story  to  a  very  powerful  newspaper  owner,  the 
speaker   was   told   that   such   a   state   of   affairs   was   quite   justifiable, 
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because  it  paid  to  run  a  road  at  a  loss  for  the  sake  of  building  up  the 
country.  This,  however,  is  exactly  what  such  management  never  does, 
as  it  considers  its  duty  done  when  it  operates  the  road. 

This  is  no  reflection  on  the  staff  of  this  railroad,  which  is  a  very 
competent  one,  whose  work  is  well  done— that  is,  as  far  as  it  has  any 
authority  to  work — but  one  man  with  the  necessary  power,  and  induce- 
ment, could  take  the  same  staff  and  turn  a  financial  failure  into  a 
great  financial  success,  thereby  benefiting  the  entire  country. 

To  take  another  example,  nearer  home;  a  fatal  mistake  was  com- 
mitted in  the  construction  of  our  magnificent  $150  000  000  Barge 
Canal  (with  political  ''poorsight")  in  the  beginning  when  it  was  made 
a  barge  canal,  instead  of  a  ship  canal.  As  it  is,  no  boat  with  a  clearance 
of  more  than  15  ft.  above  the  water  can  pass  under  the  bridges  and 
use  the  canal.  This  mistake  was  not  made  on  the  Canadian  canals, 
which,  with  the  same  or  less  depth  of  water  as  the  Barge  Canal,  are 
able  to  pass  vast  fleets  of  masted  vessels. 

It  now  remains  to  be  seen  whether  the  same  lack  of  judgment  will 
be  displayed  in  the  operation  of  the  Barge  Canal,  as  on  this  depends 
the  profit  or  loss  on  the  enormous  sums  paid  by  the  people  for  this 
imdertaking.  If  the  canal  is  properly  managed,  the  State  will  enjoy 
far-reaching  results.  Moreover,  if  a  man  is  employed  who  has  the 
ability  and  is  given  the  power  to  make  business  for  the  canal,  as  well 
as  to  see  that  it  is  properly  operated,  the  State  will  be  handsomely 
rewarded  for  the  sums  expended  for  the  construction  and  maintenance 
of  this  work,  which  in  many  ways  far  surpasses  the  Panama  Canal. 

It  is  just  as  if  the  State  were  to  build  a  number  of  huge  skyscrapers 
and  then  trust  to  luck  that  the  people  would  find,  use,  and  pay  for 
them.  Needless  to  say,  the  privately  owned  buildings  adjoining,  run 
by  wide-awake  business  men,  who  would  go  after  their  tenants,  would 
be  filled  at  once,  while  the  State  buildings  would  be  nearly  empty, 
and  of  course  operated  at  a  loss. 

It  seems  to  the  speaker  that  by  discussing  actual  cases  more  progress 
will  be  made  than  by  the  expression  of  purely  theoretical  opinions,  and 
that  the  ultimate  result  will  be  proper  Government  regulation,  instead 
of  Government  operation  or  ownership. 

Last  spring,  at  a  political  meeting,  called  for  the  purpose  of  ex- 
plaining the  extra  $19  000  000  appropriation  in  New  York  State,  the 
speaker,  after  the  regular  speakers  had  finished,  begged  to  draw  atten- 
tion to  the  great  difference  between  the  City  and  State  on  the  one 
hand,  and  an  ordinary  business  organization  on  the  other;  the  business 
man  has  to  earn  the  money  he  spends,  while  the  City  and  State  spend 
the  money  which  they  force  the  tax-payers  to  contribute. 

The  speaker  then  pointed  out  two  projects  which,  if  encouraged  by 
the  City  and  State,  would  result  in  putting  both  on  a  business  basis. 
The  City  and  State  would  receive  more  than  $30  000  000  outright  and 
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a  rental  of  at  least  $2  000  000  a  year,  to  say  nothing  of  enormous  in-      Mr. 
direct  benefits.     The  projects  are  "A  Really  Greater  New  York",  and 
a  "New  Niagara  Falls,  of  2  000  000  h.p." 

W.  B.  Yereance,*  M.  Am.  Soc.  C.  E. — The  author  has  stated  clearly       Mr. 
some  of  the  problems  to  be  met  in  the  municipal  ownership  of  public    ^^^^°^^- 
utilities.     It  is  assumed  that  he  has  contemplated  as  well  municipal 
operation  of  those  properties  or  plants.     Of  course,  it  may  be,  and  so 
happens,  that  some  properties   are  municipally  owned  but  privately 
operated  by  private  corporations. 

An  insolvent  or  mismanaged  utility  is  a  handicap  to  the  progress 
of  the  community  or  district  it  serves.  A  utility  should  be  in  receipt 
of  a  sufficient  revenue  to  meet,  under  proper  management,  all  operating 
expenses  (including  maintenance,  depreciation,  taxes,  and  a  sufficient 
reserve  as  insurance  against  catastrophe),  and  a  reasonable  return 
on  the  fair  capitalization  6i  an^  adequate  plant.  This  revenue  is  or 
should  be  produced  practically  in  its  entirety  by  the  rates  charged 
for  service.  Rates  are  or  should  be  so  determined  that  each  beneficiary 
contributes  to  the  total  necessary  revenue  of  the  utility  only  his  just 
and  due  proportion  for  benefits  received.  If  the  plant  be  ill-adapted 
to  the  community's  needs,  or  unnecessarily  expensive,  or  the  manage- 
ment extravagant  or  incompetent,  or  the  securities  inflated,  the  rates 
to  produce  the  needed  revenue  will  be  imnecessarily  high  or  unreason- 
able, either  throughout  or  for  certain  classes  of  the  service.  There- 
fore, if  minimum  rates  are  to  be  enjoyed,  the  property  or  plant  fur- 
nishing the  service  must  be  designed  and  constructed  wisely  and 
economically  and  operated  efficiently.  To  the  extent  that  these  con- 
ditions have  not  been  met,  the  rates  will  be  above  a  possible  minimum. 

For  a  given  standard  of  plant  and  service  in  a  given  community, 
the  rates  for  that  service  should  be  lower  under  municipal  than  under 
private  ownership  and  operation.  Yet,  despite  some  highly  flattering 
operating  statements  issued  periodically,  the  speaker  knows  of  no 
situation  on  this  continent  to-day  where  municipally  operated  utility 
service  is  being  rendered  at  actually  lower  rates  than  are  or  should 
be  charged  for  similar  service  by  private  enterprise.  If  politics  and 
political  considerations  can  be  eliminated  in  the  development  and 
operation  of  a  public  utility,  then  and  then  only  will  be  possible  the 
successful  establishment  of  actual  rates  that  to-day  are  merely  a 
dream  of  the  theorist.  Evidence  is  not  lacking  that  there  are  those 
who  realize  the  situation,  and  it  may  be  that  at  some  future  period 
the  ideal  will  be  realized.  However,  those  now  interested  in  the  private 
administration  of  public  utilities  need  have  no  fear  that  their  retainers 
or  jobs  are  in  immediate  danger.  If  that  ideal  time  comes  when  the 
public  utilities  can  be  removed  from  adverse  political  influences,  then  . 
public  utilities  should  be  municipally  owned  and  operated.     Private 
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enterprise  has  its  own  problems  to  meet  in  the  conduct  of  public 
utilities,  but  it  could  not  live  luider  many  of  the  practices  now  asso- 
ciated with  municipal  ownership  and  operation. 

The  author  has  referred  to  the  inherent  right  of  a  community 
to  serve  itself,  but  calls  attention  to  the  broad  question  of  equity 
involved  where  such  contemplated  municipally  owned  and  operated 
service  would  introduce  competition  with  a  private  plant,  established 
in  good  faith,  and  serving  the  public  adequately  at  reasonable  rates. 
Some  regulatory  bodies  have  recognized  the  ethics  of  such  a  situation 
in  their  decisions,  and  the  demands  of  simple  justice — to  say  nothing 
of  policy — have  been  met;  other  commissions  have  not  been  so  far- 
sighted. 

Some  3  or  4  years  ago  a  campaign  favoring  municipal  ownership 
was  waged  vigorously  by  some  of  the  ambitious  politicians  in  one 
of  the  Southern  States.  At  that  time  the  speaker  was  retained  to 
protect  a  considerable  investment  of  northern  money  in  a  combined 
electric  light  and  gas  property  in  one  of  the  cities  of  that  State.  The 
electric  plant  was  probably  the  most  up-to-date  of  any  in  a  community 
of  that  or  considerably  larger  size  in  the  United  States;  the  gas 
plant  was  not  in  quite  such  good  shape,  but  both  were  fully  adequate 
and  the  rates  charged  were  lower  than  prevailed — under  Commission 
authority  and  at  some  places  under  more  favorable  conditions — in  any 
community  of  similar  size  in  that  or  adjoining  States.  The  good  faith 
of  the  investors  was  apparent  in  both  the  condition  of  the  property 
and  the  amount  of  money  actually  invested,  yet  the  political  elements 
favoring  municipal  ownership  practically  forced  the  company  into  a 
desperate  position,  whence  it  was  extricated  with  the  greatest  difficulty. 

The  attitude  of  the  commission,  the  public  press,  and  many  of 
the  people,  was  such  as  to  discourage  the  investment  of  outside  money 
in  that  locality ;  some  are  now  beginning  to  realize  the  short-sightedness 
of  that  attitude  when  new  money  is  desired  but  not  procurable.  Cer- 
tainly, in  the  light  of  these  facts,  no  honest  consultant  could  or  would 
recommend  investment  where  such  conditions  prevail. 

Reference  has  been  made  to  a  certain  steam  railroad,  government- 
ally  owned  and  operated.  Located  through  thin  traffic  country,  its 
value  would  seem  to  be  largely  military  rather  than  economic.  Such 
property  needs  a  higher  grade  of  management  than  does  one  which  is 
more  favored;  yet  the  road  in  question  has  always  been  notoriously 
liolitically  mismanaged.  It  could  have  been  operated  better  with  one- 
half  the  number  of  men  shown  on  its  pay-rolls.  Instead  of  the  two 
or  three — as  mentioned  by  Mr.  Thomson — there  were  at  least  ten 
times  that  number  of  good  railroad  men  in  the  United  States  who, 
with  free  hands,  could  have  developed  the  full  earning  capacity  of 
the  property. 
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Bv  T.  Kennard  Thomson,  M.  Am.  Soc.  C.  E. 


T.  Kennard  Thomson,!  M.  Am.  Soc.  C.  E.  (by  letter).:}: — This  clean-      Mr. 
cut  paper  is  of  especial  interest  to  the  writer  because  he  was  on  the      '^^^ 
survey  for  the  first  railroad,  the  Canadian  Pacific,  to  be  built  in  that 
section  of  the  country,  33  years  ago. 

At  that  time  nobody  ever  expected  to  see  this  road  pay  for  itself, 
as  it  was  built  as  a  political  necessity  to  keep  British  Columbia  and 
the  great  Prairie  Provinces  in  the  Dominion. 

An  old  farmer  described  the  conditions  then  as  follows:  "Forty 
degrees  below  zero,  50  miles  from  water,  500  miles  from  fuel,  Crod 
bless  our  home." 

The  paper  would  be  even  more  interesting,  if  made  a  little  more 
general  by  stating,  for  instance,  the  quantity  of  water  required  for 
irrigation,  and  whether  the  supply  is  continuous  or  intermittent  during 
the  summer.  As  the  water  comes  from  the  mountains,  the  writer 
assumes  that  the  supply  would  be  cut  off  by  the  ice  in  winter.  For 
instance,  even  the  North  Saskatchewan,  at  Saskatoon,  a  mighty  river 
in  summer,  is  practically  dry  in  winter. 

It  would  also  be  interesting  to  know  what  the  good  and  poor  lands 
sell  for,  before  and  after  irrigation. 

The  alkali  lands  referred  to  remind  the  writer  that  he  heard  only 
last  week  why  his  hair  had  turned  white  when  quite  young.  It  was 
discovered,  not  very  long  ago,  that  all  young  men  in  the  Canadian 

*  This  discussion  (of  the  paper  by  F.  H.  Peters,  Assoc.  M.  Am.  Soc.  C.  E.,  pub- 
lished in  September,  1916,  Proceedings,  and  presented  at  the  meeting  of  November  1st, 
1916),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 

t  New  York  City. 

X  Received  by  the  Secretary,  November  1st,  1916. 
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Mr.  Northwest  have  become  white-haired  because  of  the  alkali  in  the  water 
Thomson.  ^^^  ^^^^  bccause  of  the  quantity  of  ammonia  used  for  purifying  the 
water. 

The  author  states  that  the  climatic  conditions  are  the  same  as  in 
Northern  Montana,  but  as  the  range  of  temperature  is  more  interesting 
than  the  mean,  why  not  state  what  they  are? 

Is  it  not  true  that  the  depth  of  the  rich  top  soil  is  15  ft.  or  more 
in  vast  areas  of  the  Canadian  Northwest?  It  may  be  more  modest  not 
to  extol  the  richness  of  the  soil,  etc.,  but,  at  the  same  time,  one  would 
like  to  know  the  facts.  The  price  for  excavation  and  fill,  12  cents  (as 
stated  by  the  author),  seems  to  be  remarkably  low,  especially  as  the 
quantities  of  material  moved  in  any  one  spot  are  so  small. 

The  sections  of  the  cuts  and  excavations  are  so  small,  and  the 
wooden  superstructures  are  so  light,  that  one  wonders  if  they  do 
not  require  very  considerable  repair  every  spring. 

The  Canadian  engineers,  instead  of  using  blue  or  black  prints  on 
paper,  make  black  prints  directly  on  cloth,  and  these  can  be  placed 
in  a  pocket  or  bag  as  readily  as  a  handkerchief;  and  the  writer  is 
surprised  that  such  a  great  improvement  has  not  already  been  gener- 
ally adopted  by  American  engineers. 

Table  3,  showing  the  increased  value  of  land  each  year  due  to 
irrigation — an  increase  from  0  for  wheat  to  $200  an  acre  for  potatoes — 
is  exceedingly  interesting.  In  New  York  State,  frost  in  a  single  night 
will  sometimes  destroy  all  the  crops;  and  then  a  month  or  more  of 
good  weather  will  follow  with  no  frosts.     Is  this  the  case  in  Alberta? 

Some  day  it  will  be  possible  to  generate  by  electricity  sufficient 
heat  for  a  night  or  two  to  afford  sufficient  protection  from  such  frosts; 
and  it  will  be  possible  even  to  go  further  and,  by  artificial  heat  and 
light,  produce  two  crops  where  only  one  grows  now. 
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CHARLES  ADOLPHUS  CALDWELL,  M.  Am.  Soc.  C.  E." 


Died  August  31st,  1916. 


Charles  Adolphus  Caldwell,  the  son  of  Oscar  Adolphus  Caldwell  and 
Carrie  B.  Caldwell,  was  born  in  Macon,  Bibb  County,  Ga.,  on  October 
18th,  1866. 

He  began  his  engineering  studies  in  1882  at  Vanderbilt  University 
where  he  remained  two  years.  In  1884,  he  entered  Rensselaer  Poly- 
technic Institute,  Troy,  N.  Y.,  and  was  graduated  in  1888  with  the 
degree  of  C.  E. 

Shortly  afterward  Mr.  Caldwell  began  his  professional  career  under 
F.  T.  Dabney,  Chief  Engineer  of  the  Central  of  Georgia  Railroad,  on 
the  extension  of  this  road  from  Savannah  to  Americus. 

In  1890,  he  was  made  Assistant  Engineer  on  the  St.  Augustine  and 
Xorth  Beach  Railroad,  in  Florida,  from  which  position  he  resigned  to 
return  to  Macon,  to  accept  an  appointment  in  the  office  of  the  City 
Engineer.  In  1894  he  was  associated  with  Capt.  J.  W.  Wilcox,  As- 
sistant Engineer  on  the  construction  of  the  Fort  Valley  Water-Works, 
and  as  Principal  Assistant  to  the  City  Engineer  on  the  construction 
of  32  miles  of  sanitary  sewers  in  Macon,  Ga. 

In  1898,  he  was  the  Principal  Assistant  Engineer,  in  charge  of 
construction  work,  for  the  Macon  Gas  Light  and  Water  Company,  dur- 
ing the  construction  of  a  5  000  000-gal.  filter  plant  and  a  new  pump- 
ing station. 

In  1899,  Mr.  Caldwell  designed  and  supervised  the  sanitary  sewer 
system  for  the  City  of  Yaldosta,  Ga.,  and,  in  the  same  year,  as  Chief 
Engineer,  designed  and  constructed  a  water-power  development  for 
1  000  h.p.,  at  Juliet,  Ga.,  on  the  Ocmulgee  River.  Here  he  also  built 
a  3  000-spindle  cotton  mill,  and  a  grist  mill  with  a  daily  capacity  of 
8  000  bushels  for  the  Juliet  Milling  Company. 

From  1899  to  1907,  he  was  engaged  in  the  general  practice  of  his 
profession,  with  offices  at  Macon,  Ga.  During  this  time,  he  had  charge 
of  a  large  amount  of  general  engineering  work,  including  a  number 
of  highway  bridges,  a  sanitary  sewer  system  for  Forsyth,  Ga.,  and  was 
associated  with  J.  N.  Hazlehurst,  M.  Am.  Soc.  C.  E.,  in  making  the 
appraisal  of  the  existing  water-works  property  of  the  Macon  Gas  Light 
and  Water  Company,  and  designing  a  proposed  municipal  water- 
works system  of  10  000  000  gal.  daily  capacity.     In  1910,  he  and  Mr. 

*  Memoir  prepared  by  G.  R.  Solomon,  M.  Am.  Soc.  C.  E. 
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Hazlehurst  represented  the  City  of  Macon  before  the  Board  of  Arbi- 
tration which  fixed  the  value  of  this  property  at  $699  000,  when  the 
plant  was  purchased  by  the  City. 

In  1911,  Mr.  Caldwell  prepared  reports  and  plans  on  a  10  000-h.p. 
hydro-electric  development  on  the  Ocmulgee  River,  near  Juliet,  and 
was  also  engaged,  as  Chief  Engineer,  on  the  remodeling  and  extension 
of  the  water-works  system  of  the  City  of  Macon. 

In  addition  to  his  engineering  work,  Mr.  Caldwell  was  interested  in 
several  manufacturing  concerns  as  an  officer  and  decorator,  and  his 
opinion  was  always  sought  and  valued  because  of  his  fair-mindedness. 
He  was  universally  liked  and  trusted,  and  his  death  is  a  decided  loss 
to  the  Profession. 

He  was  unmarried,  and  is  survived  by  one  sister,  Mrs.  John  B. 
Birch,  of  Macon,  Ga. 

Mr.  Caldwell  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers,  on  September  5th,  1911. 


ARTHUR  HIDER,  M.  A  in.  Soc.  C.  E.* 


Died  July  28th,  1916. 


Arthur  Hider  was  born  in  London,  England,  on  February  29th, 
1844,  and  died  at  his  home  in  Greenville,  Miss.,  on  July  28th,  1916. 
He  was  the  son  of  James  and  Maria  (Dear)  Hider.  In  1853,  when  he 
was  nine  years  of  age,  his  family  moved  from  England  to  London, 
Ont.,  Canada.  He  received  his  early  education  in  the  schools  of  the 
latter  place  and  afterward  taught  school  there  for  a  while.  In  1864, 
at  the  age  of  twenty,  he  went  to  Cleveland,  Ohio,  where  he  began  the 
study  of  engineering,  as  a  private  pupil,  under  Peter  Emslie,  a  civil 
engineer,  with  whom  he  Spent  about  one  year. 

In  1866,  Mr.  Hider  was  employed  as  a  Draftsman  by  George  Steuly, 
City  Engineer  of  Louisville,  Ky.,  and,  after  one  year's  service  in  that 
position,  was  appointed  Assistant  City  Engineer  and  given  charge  of 
the  public  works  in  one-half  of  the  city.  After  the  death  of  Mr.  Steuly, 
in  1869,  Mr.  Hider  was  continued  in  the  same  position  under  the  late 
L  M.  St.  John,  M.  Am.  Soc.  C.  E.,  who  succeeded  Mr.  Steuly  as  City 
Engineer,  until  1871,  when  the  late  Thomas  P.  Shanks,  M.  Am.  Soc. 
C.  E.,  became  City  Engineer.  Mr.  Hider  was  then  appointed  Principal 
Assistant  City  Engineer,  and  given  charge  of  all  improvements  made 
by  the  city,  except  in  the  Sewer  Department.  He  continued  to  serve 
in  this  position  until  some  time  in  1876,  when  Mr.  Shanks  was  retired 
from  office,  and  he,  as  the  Principal  Assistant,  along  with  him. 

•  Memoir  prepared  by  Charles  H.  West,  M.  Am.  Soc.   C.   E. 
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From  1S7G  to  the  early  part  of  1879,  Mr.  Hidcr  was  engaged  with 
his  former  Chief,  Mr.  Shanks,  in  engineering  and  contracting  work, 
during  which  time  they  constructed  a  reservoir  at  Anchorage,  Ky., 
and,  for  about  one  year,  were  engaged  on  masonry  work  at  the  new 
reservoir  at  Louisville,  Ky.,  both  of  which  were  vmder  the  supervision 
of  the  late  Charles  Hermany,  Past-President,  Am.  Soc.  C.  E.,  Chief 
Engineer  of  the  Louisville  Water-Works. 

Mr.  Hider  entered  the  Government  service  in  1879,  and,  for  a  short 
time,  was  employed  under  Charles  R.  Suter,  M.  Am.  Soc.  C.  E.,  Major, 
Corps  of  Engineers,  TJ.  S.  Army  (now  Brigadier-General,  Retired),  in 
making  hydrographic  surveys  and  physical  observations  on  the  Missis- 
sippi River,  near  Arkansas  City,  Ark.  Maj.  Suter  was  appointed  a 
member  of  the  Mississippi  River  Commission,  which  body  was  created 
by  Act  of  Congress,  dated  June  28th,  1879,  and  Mr.  Hider  was  assigned 
to  duty  under  Lieut.  Smith  S.  Leach,  Corps  of  Engineers,  the  Secre- 
tary of  that  Commission.  From  October,  1879,  to  November,  1880,  he 
was  engaged  in  making  hydrographic  surveys  and  collecting  physical 
data  on  the  river  near  Lake  Providence,  La.,  and,  later,  had  charge  of 
a  party  taking  slope  observations  along  the  river  between  Cairo,  111., 
and  New  Orleans,  La. 

The  Commission  was  now  ready  to  begin  construction,  and,  in 
September,  1881,  Mr.  Hider  was  assigned  to  duty  as  one  of  the  As- 
sistant Engineers  in  the  Third  Mississippi  River  District,  extending 
from  the  White  River  to  a  few  miles  below  the  mouth  of  the  Yazoo 
River.  The  Engineer  Officer  in  charge  of  the  district  was  Lieut. 
W.  L.  Marshall,  who,  later,  became  Chief  of  Engineers,  U.  S.  Army. 
During  the  few  years  that  Mr.  Hider  served  under  this  officer,  they 
learned  to  regard  each  other  highly,  and  there  ever  after  existed  a 
friendly  feeling  between  them. 

At  the  time  when  Mr.  Hider  entered  the  Government  service  under 
the  Mississippi  River  Commission,  very  few  reliable  data  were  avail- 
able as  to  the  regimen  of  the  Mississippi,  and  few,  if  any,  precedents 
of  practical  value  as  guides  in  a  project  of  such  character  and  magni- 
tude as  that  which  had  been  assigned  to  the  Commission.  His  first 
service  was  in  connection  with  surveys  and  observations  to  collect  data 
necessary  for  a  study  and  development  of  plans  for  the  improvement 
of  the  river,  but  when  it  was  decided  to  begin  construction,  he  was 
transferred  to  that  work,  and  soon  became  the  Principal  Assistant 
Engineer  in  charge  of  all  revetment  and  other  work  of  channel  im- 
provement in  the  Third  Mississippi  River  District,  serving  continuously 
in  that  position  until  his  death. 

The  first  works  of  construction  were  necessarily  experimental  in 
type,  as  were  also  the  various  kinds  of  plant  needed  for  carrying  on 
the  work.     Mr.  Hider  was  intimately  connected  with  each  step  in  the 
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development  of  suitable  types  of  construction,  and  also  had  much  to 
do  with  the  design  and  construction  of  towboats,  hydraulic  graders, 
and  the  various  other  items  of  plant  required  for  the  work  in  the 
Third  District.  He  took  great  interest  in  the  development  of  plans 
for  the  improvement  and  control  of  the  river,  and  no  small  share  of 
credit  for  successful  work  is  due  to  his  faithful,  untiring,  and  patient 
attention  to  the  duties  of  his  position.  He  came  to  be  regarded  as  an 
authority  on  bank  revetment  and  other  channel  works,  and  his  counsel 
in  such  matters  always  had  weight. 

Mr.  Hider  was  connected  with  levee  construction  only  in  a  limited 
way,  but  he  was  a  close  observer  of  what  was  going  on  in  that  line,  and 
had  very  clear  views  in  regard  to  that  work. 

In  addition  to  his  work  under  the  Mississippi  River  Commission, 
he,  occasionally,  while  on  leave  of  absence  and  during  spare  time, 
served  as  Consulting  Engineer  in  connection  with  municipal  improve- 
ments, some  of  which  were  the  design  and  construction  of  water-works 
systems  at  Greenville,  Miss.,  Lake  Providence,  La.,  and  other  places; 
he  was  expert  member  of  the  Committee  to  determine  the  value  of  the 
water-works  system  of  Memphis,  Tenn.,  when  that  system  was  taken 
over  by  the  City  of  Memphis. 

Mr.  Hider  enjoyed  remarkably  good  health  until  the  last  three 
years  of  his  life.  During  the  spring  of  1913,  while  temporarily  in 
charge  of  the  work  of  closing  the  crevasse  in  the  levee  near  Beulah, 
Miss.,  he  was  exposed  to  very  inclement  weather,  with  the  result  that 
he  was  taken  seriously  ill  and  never  after  entirely  regained  his  health. 
He  was  vmable  to  attend  to  active  duties  for  more  than  a  year  prior 
to  his  death,  but  he  continued  to  go  to  the  office  and,  except  dxiring  the 
the  last  few  weeks,  he  could  be  found  at  his  desk  every  day  when  he 
was  strong  enough  to  leave  home. 

Mr.  Hider  was  indeed  a  veteran  of  the  Engineer  Service  of  the 
Mississippi  River.  There  being  no  provision  in  law  for  the  retirement 
of  civilian  engineers  in  the  service  of  the  Government,  he,  like  many 
others,  remained  on  duty  until  advanced  in  age  and  literally  worn  out. 

He  lived  to  see  nearly  all  the  Engineer  Officers  under  whom  he  had 
served  in  the  early  days  on  the  river  retired  with  high  rank,  and,  as 
these  men  were  near  his  own  age  and  counted  among  his  friends,  he 
was  always  pleased  to  hear  of  any  good  fortune  that  came  to  any 
of  them. 

In  later  times,  it  was  his  province  to  serve  under  District  Officers 
who  were  many  years  younger  than  himself,  and  to  each  of  these  he 
gave  loyal  assistance.  They,  in  turn,  recognized  his  ability  and  ripe 
experience,  and  his  candid  manner  and  earnest  attention  to  duty  never 
failed  to  win  their  confidence  and  esteem. 
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He  was  a  good  organizer,  and  believed  in  strict  discipline.  He 
recognized  authority  in  those  above  him,  and  demanded  obedience  to 
orders  from  those  under  him.  He  was  highly  respected  by  his  sub- 
ordinates, and,  though  they  dreaded  his  displeasure,  they  delighted  in 
his  approval,  for  he  was  just  in  his  dealings  with  them  and  ever 
ready  to  give  credit  where  it  was  due.  It  was  a  pleasure  to  him  to 
advise  and  otherwise  help  along  young  engineers  who  appeared  to  be 
earnest  and  appreciative  of  his  guidance. 

Mr.  Hider  took  an  active  interest  in  the  civic  affairs  of  the  com- 
munity in  which  he  lived.  There  was  no  pretense  and  very  little 
diplomacy  in  his  nature,  and  he  was  outspoken  in  his  opinions.  He 
was  well  informed  on  many  subjects  other  than  his  profession,  and  had 
a  fine  appreciation  of  music  and  art. 

Mr.  Hider  was  a  member  of  the  Protestant  Episcopal  Church,  and 
though  not  outwardly  a  devout  churchman,  he  had  deep  religious  con- 
victions. He  loved  the  quietude  of  his  home  life,  and  was  a  devoted 
husband  and  kind  father,  and  although  he  seemingly  cared  but  little 
for  social  life  in  general,  he  was  fond  of  the  companionship  of  his 
friends. 

He  was  married  in  Louisville,  Ky.,  on  October  6th,  1873,  to  Emma 
K.  Anderson,  who,  with  two  daughters  and  three  sons,  survives  him. 

Mr.  Hider  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  September  7th,  1881. 


WILLIAM  RIDLEY  NEELY,  M.  Am.  Soc.  C.  E.* 


Died  April  ]1th,  1916. 


William  Ridley  Neely,  the  son  of  Robert  Johnson  Neely  and 
Elizabeth  Norfleet  Ridley,  was  born  on  August  20th,  1872,  in  Ports- 
mouth, Va.  He  was  educated  at  private  schools,  first  at  a  "Dame's 
school"  in  Portsmouth,  and  then  at  Norfolk  Academy,  of  Norfolk,  Va. 
He  also  attended  the  University  of  Virginia  from  1888  to  1890. 

The  early  years  of  Robert  Johnson  Neely,  his  father,  were  spent 
at  Newton,  Pa.,  where  the  old  Neely  family  homestead,  built  before 
the. Revolution,  is  now  the  property  of  the  Daughters  of  the  American 
Revolution.  Early  in  life  he  went  to  Portsmouth,  Va.,  where  he 
was  engaged  as  a  lumber  manufacturer.  He  became  so  identified  with 
the  South  that  he  fought  with  the  Confederate  Army  all  through  the 
Civil  War.  Mr.  Neely's  mother,  Elizabeth  Norfleet  Ridley,  is  a 
collateral  descendant  of  Bishop  Ridley  who  was  burned  to  death  for 

*  Memoir  prepared  by  James  F.  Sanborn,  Assoc.  M.  Am.  Soc.  C.  E. 
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religion's  sake  in  the  time  of  Mary  Tudor.  She  was  born  and  brought 
up  on  a  plantation  near  Portsmouth,  Va.,  and  was  educated  in  convents 
in  South  Carolina  and  at  Kichmond,  Va.  Her  father  was  a  well-known 
landed  proprietor  of  his  section,  a  very  fine  type  of  the  ante-bellum 
country  gentleman.  William  Ridley  Neely's  parentage  and  traditions 
were  all  of  the  South,  and  he  always  took  great  pride  in  the  develop- 
ment of  his  home  State. 

Mr.  Neely  entered  the  service  of  the  United  States  Engineer 
Department,  in  the  Vicksburg  District,  in  October,  1891,  and  remained 
in  the  employ  of  the  Government  for  8  years,  being  engaged  mainly 
on  soundings,  precise  level  work,  topographical  surveys,  and  compu- 
tations, along  the  Mississippi  and  tributary  rivers.  In  March,  1899, 
he  was  furloughed  to  take  service  with  the  Isthmian  Canal  surveys 
in  Nicaragua,  and  remained  there  until  April,  1900,  at  which  time 
he  returned  to  the  Vicksburg  District  and  remained  until  1904,  in 
charge  of  test  borings  and  drafting  plans  and  designing  locks,  dams, 
and  other  structures.  In  connection  with  the  test  borings  in  the  bed 
of  the  Ouachita  River,  several  deep  borings  were  made  to  determine 
the  geological  structure  of  the  valley,  notably  at  Catahoula  Shoals, 
Columbia,  Rock  Row  Shoals,  Jacks  Island,  and  Newport  Landing. 
The  information  obtained  has  been  utilized  in  the  later  reports  on 
the  geology  of  Louisiana.  The  plans  for  the  Ouachita  locks  and 
dams  embraced  the  designing  of  foundations  in  treacherous  material, 
concrete  walls  subject  to  earth  and  water  pressure,  steel  lock  gates,  and 
a  variety  of  operating  machinery,  as  well  as  the  solution  of  many 
hydraulic  problems. 

In  May,  1904,  Mr.  Neely  was  furloughed  to  take  up  engineering 
work  at  the  West  Point  Military  Academy,  where  he  remained  until 
October,  1906,  on  work  connected  with  the  increase  of  the  water  supply 
for  the  military  reservation  there.  This  involved  the  location  of  the 
pipe  line  through  most  difficult  country  and  its  actual  laying,  the 
length  of  the  line  being  approximately  6  miles,  and  the  pipe  20  in.  in 
diameter.  Mr.  Neely  did  most  of  the  field  work  connected  with  this 
project,  and  his  superior  officer  considered  the  service  which  he  ren- 
dered very  satisfactory.  He  also  assisted  in  designing  the  filters  which 
were  to  be  built  at  West  Point. 

In  October,  1906,  Mr.  Neely  entered  the  service  of  the  State  of 
New  York,  as  Assistant  Engineer  in  the  Engineering  Department  of 
the  Barge  Canal,  and  continued  with  that  work  for  more  than  two 
years.  D.  A.  Watt,  M.  Am.  Soc.  C.  E.,  who  was  at  that  time  Assistant 
Engineer,  in  charge  of  the  Designing  Office  of  the  New  York  State 
Barge  Canal,  says: 

"He  [Mr.  Neely]  assisted  me  during  that  time  in  preparing  the 
plans  for  some  of  the  chief  sections  of  the  canal,  such  as  the  cross- 
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country  line  just  west  of  Rochester,  which  comprised  two  high-lift 
locks,  as  well  as  very  heavy  cuts  and  embankments;  the  line  through 
Phoenix  on  the  Oswego  River;  and  the  lin(>  through  Little  Falls.  The 
latter  included  a  lock  of  40^  ft.  lift,  as  well  as  difficult  work  in  carry- 
ing the  canal  through  a  narrow  gorge  and  along  the  side  of  a  rock 
bluff  overhanging  the  Mohawk  River.  I  found  Mr.  ISTeely  an  able 
man.  He  was  a  very  hard  worker  and  had  originality  and  accuracy, 
and  I  was  very  sorry  to  lose  his  services.  He  left  to  accept  a  more 
promising  position  with  the  State  Water  Supply  Commission." 

In  the  spring  of  1908.  Mr.  Neely  was  employed  as  Resident  Engi- 
neer in  charge  of  two  field  parties  making  topographical  surveys  and 
maps  of  the  basin  of  the  proposed  big  Sacandaga  Storage  Reservoir, 
near  Northville,  N".  Y.,  as  well  as  surveys  of  the  storage  possibilities  at 
Piseco,  Pleasant,  and  Schroon  Lakes.  In  1909,  he  was  re-engaged 
by  the  State  Water  Supply  Commission,  but  soon  after  resigned. 
Horace  Ropes,  M.  Am.  Soc.  C.  E.,  speaks  of  him,  as  follows:  "Mr. 
iSIeely  was  an  active  and  industrious  worker,  an  agreeable  person,  well 
liked  by  those  associated  with  him." 

From  June,  1909,  to  April,  1913,  Mr.  Neely  was  employed  by  the 
Board  of  Water  Supply  of  the  City  of  New  York  on  the  construction 
of  Section  1,  Wallkill  Division,  of  the  Catskill  Aqueduct,  at  New 
Paltz,  N.  Y.,  of  which  section  he  had  charge.  The  work  consisted 
of  a  standard  type  concrete  aqueduct,  in  cut  and  cover,  along  a  strip 
on  the  east  slope  of  the  Shawangunk  Mountains,  mainly  in  rock  cut, 
and  a  grade  tunnel  driven  toward  the  north  under  Bonticovi  Crag 
to  meet  the  tunnel  driven  from  the  other  side  of  the  range.  In  contrast 
with  the  soft-ground  problems  of  his  early  experience  along  the  lower 
Mississippi  River,  Mr.  Neely  greatly  enjoyed  the  work  and  methods 
used  for  the  hard-rock  excavation,  timbering,  and  concrete  construction 
in  the  tunnel,  and  the  difficulties  encountered  in  open-cut  work. 
In  connection  with  his  duties  of  supervising  the  construction,  he  worked 
out  several  problems  of  design  for  special  structures  and  unusual 
conditions,  and  also  had  the  gratification  of  executing  this  work.  He 
was  a  member  of  the  Catskill  Aqueduct  Association  and  took  great 
interest  in  his  relations  with  the  engineers  he  met  on  that  work. 

On  April  10th,  1913,  Mr.  Neely  resigned  to  enter  the  contracting 
field.  He  built  several  miles  of  the  special  concrete  post  and  wire 
fences  along  the  Aqueduct,  which  occupied  him  until  the  spring  of 
1915.  At  the  time  of  his  death  on  April  11th,  1916,  he  was  living  in 
Portsmouth,  Va. 

He  was  married  on  February  20th,  1901,  to  Annie  Calvert  Jones, 
of  Vicksburg,  Miss. 

Mr.  Neely  was  a  member  of  the  General  Alumni  Society  of  the 
University  of  Virginia.  He  was  elected  a  Member  of  the  American 
Society  of  Civil  Engineers  on  July  9th,  1906. 
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WILLIAM  RODNEY  PATTERSON,  M.  Am.  Soc.  C.  E.* 


Died  July  19th,  1916. 


William  Rodney  Patterson  was  born  at  Effingham,  N.  H.,  on 
November  4th,  1854. 

He  was  graduated  from  Dartmouth  College  in  1876,  and,  within 
a  few  months,  was  associated  with  the  late  Enos  M.  Barton,  of  the 
Western  Electric  Company.  For  many  years,  Mr.  Patterson  was  the 
Plant  Engineer  of  the  Western  Electric  Company,  and  had  direct 
charge  of  the  construction  and  maintenance  of  all  its  many  buildings, 
not  only  in  the  United  States,  but  also  of  its  various  plants  in  Europe 
and  the  Orient. 

He  was  directly  responsible  for  the  invention  and  perfection  of 
the  dry-core  telephone  cable  now  so  generally  used  throughout  the 
civilized  world,  as  well  as  of  the  process  of  extruding  a  lead  sheath 
over  the  cable.  He  took  out  more  than  100  patents  in  connection  with 
the  development  of  the  telephone  cable. 

In  1911,  Mr.  Patterson  retired  from  the  Western  Electric  Com- 
pany and,  until  his  death,  which  occurred  on  July  19th,  1916,  after  an 
illness  of  some  months,  he  was  senior  member  of  the  firm  of  Patterson 
and  Davidson,  Consulting  and  Designing  Engineers,  in  Chicago,  111. 

He  was  a  man  of  quiet  reserve,  but  was  nevertheless  endowed  with 
an  interesting  and  genial  personality,  and  any  one  who  came  in 
contact  with  him,  in  business  or  socially,  became  at  once  his  stanch 
friend.  By  nature  a  man  of  the  simplest  tastes,  he  was  a  great  reader 
and  a  keen  observer.  His  hobby,  during  his  spare  moments,  was  the 
preparation  of  colored  lantern  slides  of  architectural  and  engineering 
objects,  and  his  library  contains  many  thousands  of  such  slides  colored 
by  his  own  hands.  He  was  a  great  traveler,  and,  during  the  latter 
years  of  his  life,  spent  at  least  one-half  his  time  on  foreign  shores. 

As  an  executive,  Mr.  Patterson  had  few  superiors.  He  had  the 
peculiar  natural  gift  of  being  able  to  select  his  assistants  and  of  having 
the  wise  judgment  of  transferring  to  them  authority  and  holding  them 
responsible  for  results,  he  himself  not  devoting  his  valuable  time  to 
minute  details  of  work  or  organization. 

While  in  the  employ  of  the  Western  Electric  Company,  he  was 
recognized  as  its  construction  genius.  He  had  seen  the  Company 
develop  from  about  25  employees  until,  at  the  time  of  his  retirement, 
they  numbered  more  than  50  000 ;  and  in  that  time  the  yearly  sales  had 
increased  from  a  few  thousand  to  about  eighty  million  dollars. 

Engineers  will  remember  Mr.  Patterson  in  connection  with  the 
development   of  the   telephone   industry,   as   without   doubt   its   rapid 
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development  has  been  due  more  directly  to  the  iuveutiou  and  perfection 
of  the  dry-core  telephone  cable  than  to  any  other  one  thing. 

Mr.  Patterson  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  May  4th,  1909. 


FRANK  EDSON  SHEDD,  M.  Am.  Soc.  C.  E.* 


Died  September  22d,  1916. 


Frank  Edson  Shedd  was  born  in  Sharon,  N.  H.,  on  July  18th,  1856. 
He  attended  the  Conant  High  School  of  East  Jaffrey,  N.  H.,  and 
entered  Dartmouth  College,  from  which  he  was  graduated  in  the  Class 
of  1880. 

After  a  year  of  teaching,  as  Principal  of  a  high  school,  Mr.  Shedd 
entered  the  service  of  the  United  States  Coast  and  Geodetic  Survey, 
where  he  remained  for  a  year,  his  work  being  on  the  charting  of  the 
coast  of  Maine.  In  1882,  he  left  the  service  of  the  Government  to  take 
up  civil  engineering  in  Lowell,  Mass. 

In  1886,  Mr.  Shedd  had  charge  of  the  erection  of  the  Washington 
Mills,  at  Lawrence,  Mass.,  at  that  time  one  of  the  largest  mill  con- 
struction propositions  which  had  ever  been  undertaken.  These  mills 
are  now  owned  by  the  American  Woolen  Company. 

In  April,  1887,  he  became  a  member  of  the  staff  of  Lockwood,  Greene 
and  Company,  the  engineering  firm  which  had  designed  the  Washing- 
ton Mills,  and  two  years  later  was  made  First  Assistant  to  Mr.  Stephen 
Greene,  then  the  sole  member  of  the  firm.  From  that  time  until  his 
death,  Mr.  Shedd  maintained  an  intimate  connection  with  that  organi- 
zation. 

On  January  1st,  1901,  on  the  incorporation  of  Lockwood,  Greene 
and  Company,  Mr.  Shedd  became  a  Director  and  the  Vice-President 
of  the  firm,  and  held  both  these  positions  until  his  death.  He  was  a 
Civil  Engineer  of  high  standing,  and  had  designed  many  large  mills 
and  hydraulic  plants  in  various  parts  of  the  United  States  and  Canada, 
having  been  considered  one  of  the  leading  authorities  in  this  country 
on  hydraulic  developments. 

Mr.  Shedd  was  a  man  of  varied  interests;  a  member  of  the  Boston 
Society  of  Civil  Engineers  and  of  the  American  Society  of  Mechanical 
Engineers,  he  was  also  a  member  of  St.  John's  Lodge,  A.  F.  and  A.  M., 
of  Boston,  a  Companion  in  the  Mount  Vernon  Royal  Arch  Chapter, 
and  a  member  of  the  Second  Parish  Congregational  Church,  of  Dor- 
chester, Mass. 

*  Memoir  prepared  by  Mr.  Prank  W.  Reynolds,  of  Lockwood,  Greene  and  Company, 
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Mr.  Shedd  was  also  a  member  of  the  New  Hampshire  Historical 
Society  and  a  life  member  of  the  New  England  Historic  Genealogical 
Society.  He  was  the  founder,  as  well  as  the  Secretary  and  Treasurer, 
of  the  Shedd  Family  Association,  and  designed  the  handsome  monu- 
ment— erected  at  Shedd's  Neck,  in  Quincy,  Mass.,  three  weeks  prior  to 
his  death — by  the  Shedd  Association,  in  honor  of  the  first  ancestor  of 
the  family  in  America.  Having  been  for  many  years  much  interested 
in  genealogical  research,  he  had  collected  many  valuable  data  regarding 
the  Shedd  descendants  in  America,  and  was  making  plans,  when  taken 
sick,  looking  toward  the  early  publication  of  a  genealogy  of  the  family. 

Mr,  Shedd  was  a  thorough,  painstaking  engineer,  of  retentive  mem- 
ory, wise  judgment,  and  tireless  industry;  a  modest  unobtrusive  gentle- 
man of  sterling  character.     One  of  his  friends  says  of  him: 

"He  was  a  high-minded  citizen  and  represented  the  highest  ideals 
of  human  life;  he  rendered  a  large  service  to  his  fellow-men;  he  was 
an  honor  to  his  Profession  and  has  left  behind  him  a  name  which 
ought  to  be  an  inspiration  and  help  to  us  all  for  higher  and  better 
things." 

During  his  illness,  which  covered  the  last  six  months  of  his  life, 
Mr.  Shedd  suffered  much,  but  bore  his  sufferings  with  great  fortitude, 
and  attended  to  many  affairs  up  to  the  very  last.  He  died  at  his 
home  in  Dorchester,  Mass.,  on  September  22d,  1916,  leaving  a  widow 
and  one  son. 

Mr.  Shedd  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  February  6th,  1907. 


THEODORE  VOORHEES,  M.  Am.  Soc.  C.  E.* 


Died  March  11th,  1916. 


Theodore  Voorhees,  eldest  son  of  Benjamin  F.  Voorhees  and 
Margaret  E.  Sinclair,  was  born  in  New  York  City  on  June  4th,  1847. 
Mr.  Voorhees  was  a  direct  descendant  in  the  male  line  from  Stephen 
Coert  Van  Voorhees,  who  came  to  America  from  Holland,  settling  at 
Flatlands,  Brooklyn,  N.  Y.,  in  1660.  His  mother  was  of  Scotch 
parentage,  the  Sinclairs  having  come  to  America  in  1835. 

He  received  his  education  at  Anthon's  Grammar  School,  New 
York  City,  Columbia  University  (where  he  entered  the  class  of  1868, 
but  left  in  full  standing  in  1866),  and  the  Rensselaer  Polytechnic 
Institute,  at  Troy,  N.  Y.,  which  he  entered  in  1866  and  from  which  he 
was  graduated  in  June,  1869.     One  month  later  Mr.  Voorhees  entered 
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the  service  of  the  Delaware,  Lackawanna  and  Western  Railroad,  as 
Engineer  on  the  extension  from  Great  Bend  to  Binghamton.  So  suc- 
cessful was  his  work  and  so  progressive  were  his  methods,  that  in  less 
than  2  years  he  was  made  Superintendent  of  the  Syracuse,  Bingham- 
ton and  Oswego  Division  of  this  railroad.  He  held  this  position  for 
2  years,  and  then  returned  to  the  Engineering  Department  of  the 
main  road,  with  headquarters  at  Scranton,  Pa. 

Although  the  love  of  engineering  was  undoubtedly  responsible  for 
this  move,  Mr.  Voorhees'  ability  as  an  operating  official,  which  con- 
tinued throughout  his  life,  had  already  developed,  and  this  drew  him 
into  the  Transportation  Department  of  the  Delaware  and  Hudson 
Canal  Company,  in  December,  1874.  Three  months  later  he  was  made 
Superintendent  of  the  Saratoga  and  Chami)lain  Divisions,  a  position 
which  he  held  for  more  than  10  years.  He  resigned  on  October  20th, 
1885,  to  become  Assistant  General  Superintendent  of  the  New  York 
Central  and  Hudson  River  Railroad.  On  March  1st,  1890,  Mr.  Voorhees 
was  made  General  Superintendent  of  this  road,  and,  in  1891,  was  also 
appointed  General  Superintendent  of  the  Rome,  Watertown  and 
Ogdensburg  Railroad  Company.  While  General  Superintendent  of 
the  New  York  Central  and  Hudson  River  Railroad  he  saw  his  road 
adopt  the  controlled  manual  block  signal  system  on  its  main  line 
from  New  York  City  to  Buifalo,  N.  Y.  This  was  one  of  the  most 
radical  advances  in  railroad  signal  practice  up  to  that  time.  At 
about  the  same  time  (1891),  the  New  York  Central  put  on  the 
Empire  State  Express,  with  the  phenomenal  run  of  440  miles  in  8 
hours,  or  55  miles  an  hour.  Mr.  Voorhees  was  the  operating  head  of 
this  achievement,  which  advertised  the  New  York  Central  all  over 
the  world. 

Largely  on  account  of  his  combined  ability  as  a  railroad  engineer 
and  operating  official,  he  was  made  Vice-President  of  the  Philadelphia 
and  Reading  Railroad  on  February  1st,  1893. 

He  was  called  to  his  new  duties  when  but  46  years  of  age,  and  at 
a  most  critical  period  of  the  railroad's  history.  Emerging  from  a 
state  of  financial  depression,  after  having  passed  through  several  re- 
ceiverships, the  road  was  in  a  condition  of  physical  disability.  So  bad 
were  the  conditions  financially  that,  in  1896,  the  property  was  sold 
under  foreclosure  proceedings.  Mr.  Voorhees  was  the  operating  head 
during  these  troublesome  times,  and  was  one  of  the  foremost  factors 
in  the  development  of  the  property  of  the  company.  This  development 
was  entirely  intensive,  as  the  following  figures  will  show : 

1893.  1915. 

Mileage 1170  1120 

Revenue  ton-mileage 1  739  000  000  3  141  026  000 

Passenger   mileage 240  488  000  360  468  000 

Earnings $22  986  000  $46  715  000 
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These  figures  show  a  great  development  in  the  freight  service,  but 
]\Ir.  Voorhees  was  also  instrumental  in  perfecting  the  passenger  serv- 
ice, and  this  will  always  remain  as  a  monument  to  him.  On  May  8th, 
1914i  he  was  elected  President  of  the  road,  succeeding  the  late  George 
F.  Baer. 

He  was  also  President  of  the  following  subsidiary  railroads : 
Philadelphia,  Newtown  and  New  York;  Philadelphia  and  Reading 
Terminal;  Philadelphia  and  Chester  Valley;  Philadelphia,  Harris- 
burg  and  Pittsburgh;  Tamaqua,  Hazelton  and  Northern;  Reading, 
Marietta  and  Hanover;  Dauphin  and  Berks;  Philadelphia  and  Frank- 
ford;  Schuylkill  and  Lehigh;  and  the  Williams  Valley. 

He  was  a  Trustee  of  his  Alma  Mater,  the  Rensselaer  Polytechnic 
Institute,  a  member  of  the  Holland  Society  of  New  York,  the  Century 
Club  of  New  York,  and  St.  Nicholas  Society  of  New  York;  the  Himt- 
ington  Valley  Country  Club,  Racquet  Club,  Philadelphia  Club,  and 
Automobile  Club  of  Philadelphia.  He  was  also  a  member  of  Psi 
Upsilon  Fraternity. 

One  of  the  honors  conferred  on  Mr.  Voorhees  was  his  election  to 
the  Vice-Presidency  of  the  American  Railway  Association  in  1904. 
He  was  also  a  Director  of  the  Market  Street  National  Bank  of 
Philadelphia. 

He  was  married,  on  September  19th,  1871,  to  Sarah  V.  Gould, 
daughter  of  Judge  George  Gould,  of  Troy,  N.  Y.  She  died  on 
August  7th,  1872,  and  on  February  4th,  1874,  in  Syracuse,  N.  Y.,  he 
married  Miss  Mary  E.  Chittenden,  and  is  survived  by  a  brpther  and 
by  his  widow,  five  sons,  and  three  daughters. 

It  has  been  said  of  him: 

"Theodore  Voorhees  belonged  to  a  good  school  of  railroad  men. 
He  had  a  conscience  and  he  had  ability.  Regarded  by  many  as  cold 
and  unapproachable,  he  was,  nevertheless,  extremely  well  qualified  to 
solve  all  those  larger  transportation  problems  which  in  recent  years 
have  vexed  the  public  mind.  The  dead  President  of  the  Philadelphia 
and  Reading  Railway  was  one  of  these,  and  an  important  one,  who 
helped  raise  the  Company  from  a  condition  of  financial  weakness  into 
a  state  of  affluence.  By  doing  that  he,  with  his  associates,  made  their 
railroad  of  infinitely  greater  service  to  the  country  it  serves  than  it 
had  ever  been  during  its  years  of  financial  ill  luck.  Mr.  Voorhees 
knew  railroading  through  and  through,  knew  what  it  had  to  do  to 
meet  popular  support  and  what  it  had  to  do  to  maintain  its  own  self- 
respect  and  ability  to  serve.  Alert  and  keen,  industrious  and  honest, 
intelligent  and  full  of  courage,  he  could  not  fail  in  this  generation  of 
vast  business  development  to  rise  to  one  of  the  conspicuous  railroad 
positions  of  the  world." 

Another  said: 

"As  a  man,  there  is  much  to  be  said  of  Mr.  Voorhees.  Of  austere 
presence  and  striking  personality,  he  commands  the  respect  and  esteem 
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of  all  who  come  in  contact  with  him.  He  is  a  man  of  very  few  words, 
lie  has  always  time  to  listen,  and  treats  his  subordinates  with  the 
utmost  courtesy  and  respect.  His  friends  all  testify  to  his  loyalty  and 
kindness.  Those  who  have  had  an  insight  into  his  private  life  have 
characterised  his  devotion  as  extraordinary.'" 

For  a  number  of  years  Mr.  Voorhees  was  a  Vestryman  of  St.  Luke's 
Protestant  Episcopal  Church,  Philadelphia,  in  which  he  felt  a  great 
interest. 

His  funeral  was  held  at  his  home  in  Elkins  Park  on  Tuesday, 
March  14th,  1916.  About  400  prominent  railroad  officers,  bankers, 
and  professional  men  were  present.  As  a  mark  of  respect,  all  trains 
throughout  the  Heading  System  were  brought  to  a  stop  for  one  minute, 
at  11  A.  M.,  the  hour  of  the  funeral  services. 

Mr.  Voorhees  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  May  6th,  1885.     He  served  as  a  Director  in  1890. 


FRANS  ENGSTROM,  Assoc.  M.  Am,  Soc.  C.  E.  * 


Died  March  20th,  1916. 


Frans  Engstrom,  the  son  of  Ludwig  and  Frederika  Engstrom,  was 
born  in  Stockholm,  Sweden,  on  November  28th,  1851.  He  was  educated 
in  his  native  city  and  was  graduated  from  the  Latin  College  and 
the  Royal  Poly  technical  High  School. 

After  his  graduation,  Mr.  Engstrom  was  engaged,  for  two  years, 
in  an  architect's  office  on  private  surveys,  and  also  as  Assistant 
Resident  Engineer  on  the  construction  of  the  Government  Railway 
of  Sweden. 

In  1881,  he  came  to  the  United  States  and  settled  in  Pittsburgh, 
Pa.,  where  he  was  engaged  with  the  Pennsylvania  Railroad  Company, 
as  Draftsman,  Chief  Draftsman,  and  Assistant  Engineer,  until  1895. 
During  this  time,  he  designed  and  superintended  the  construction  of 
the  Penn  Street  Freight  Station  in  Pittsburgh,  and  made  plans  and 
specifications  for  extensive  dock  construction  at  Erie,  Pa.,  and  at 
Ashtabula  and  Cleveland,  Ohio.  He  also  made  the  plans  and  speci- 
fications for  all  heavy  bridge  masonry  and  retaining  walls  on  the 
Company's  lines  and  for  elevating  its  tracks  through  Pittsburgh  and 
Allegheny. 

In  1895,  Mr.  Engstrom  was  appointed  Assistant  to  the  Director 
of  Public  Works  of  the  City  of  Pittsburgh,  which  position  he  resigned 
in  1899.  While  serving  in  this  capacity,  he  built  the  large  twin 
reservoirs  at  Highland  Park,  for  the  Pittsburgh  water  supply. 

*  Memoir  prepared  by  the  Secretary,  from  information  on  file  at  tlie  Society  House. 
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During  1899  and  1900,  he  was  engaged  in  private  practice  as  Civil 
and  Hydraulic  Engineer,  with  an  office  in  Pittsburgh.  In  1901,  Mr. 
Engstrom  was  appointed  Civil  Engineer  with  the  Carnegie  Steel 
Company,  retaining  that  position  until  1903,  when  he  entered  the 
service  of  James  Stewart  and  Company  as  Engineer  of  Inspection. 

In  1905,  Mr.  Engstrom  went  to  the  American  Bridge  Company,  at 
Ambridge,  Pa.,  where  he  remained,  as  Engineer,  until  March,  1907. 
In  April,  1907,  he  removed  to  Altoona,  Pa.,  where  he  had  been  ap- 
pointed City  Engineer,  retaining  that  office  until  1915.  As  City 
Engineer  Mr.  Engstrom  had  charge  of  extensive  paving  work,  super- 
vised the  planning  of  the  East  Altoona  disposal  plant,  built  the 
Seventh  Street  Bridge,  and  had  charge  of  other  important  municipal 
improvements. 

In  1915,  Mr.  Engstrom  returned  to  Pittsburgh,  but  his  health 
having  failed,  he  was  not  able  to  engage  actively  in  his  profession. 
He  had  only  been  discharged  from  the  hospital  where  he  had  been 
undergoing  treatment  for  five  months,  when  his  sudden  death  from 
heart  failure  occurred  on  March  20th,  1916. 

Mr.  Engstrom  was  a  talented  and  highly  educated  man.  He  spoke 
seven  languages,  and,  being  a  great  reader,  was  well  informed,  not 
only  regarding  his  Profession,  but  on  all  subjects  of  general  interest. 
Among  his  professional  friends,  he  was  considered  one  of  the  best 
estimating   engineers   in  Pennsylvania. 

On  August  25th,  1884,  Mr.  Engstrom  was  married  to  Miss  Bertha 
Lindstrum,  who,  with  four  children,   survives  him. 

He  was  a  member  of  the  Engineers'  Society  of  Western  Pennsyl- 
vania, Duquesne  Commandery  No.  72,  Knights  Templar,  and  Syria 
Temple  of  Shriners,  of  Pittsburgh,  and  of  Altoona  Lodge  ISTo.  102, 
Benevolent  Protective  Order  of  Elks. 

Mr.  Engstrom  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  May  4th,  1892. 


PHILIP  HENRY  PARTHESIUS,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  February  15th,  1916. 


Philip  Henry  Parthesius,  the  eldest  son  of  Dorathea  Jordan  and 
Julius  Parthesius,  was  born  at  Troy,  N,  Y.,  on  December  15th,  1881. 
He  received  his  early  education  in  the  public  schools  of  Troy  and, 
later,  attended  the  Rensselaer  Polytechnic  Institute,  from  which  he 
was  graduated  with  high  honors  in  1904,  receiving  the  degree  of  Civil 
Engineer. 

*  Memoir  prepared  by  H.  O.  Schermerhorn,  Assoo.  M.  Am.  Soc.  C.  E.,  Troy,  N.  Y. 
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Mr.  Parthesius  began  his  professional  work  in  the  Bridge  and 
Construction  Department  of  tlie  Pennsylvania  Steel  Company,  at 
Steelton,  Pa.,  remaining  there  about  a  year.  On  leaving  this  work, 
he  became  Assistant  Engineer  on  the  construction  of  a  large  extension 
to  the  water-works  system  of  Troy,  N.  Y.  In  this  capacity,  he  was 
engaged  in  the  building  of  storage  reservoirs,  pipe  lines,  dams,  con- 
trolling works,  etc.  On  the  completion  of  this  work  which  took  about 
3  years,  Mr.  Parthesius  became  connected  with  the  New  York  State 
Civil  Service  Commission  at  Albany,  in  the  capacity  of  Engineering 
Examiner,  and,  in  October,  1913,  he  was  made  Assistant  Chief 
Examiner  of  this  Commission. 

While  with  the  Civil  Service  Commission,  he  had  much  to  do  with 
the  preparation  and  rating  of  examinations  for  engineering  positions 
in  all  State  Departments,  including  those  of  the  State  Engineer  and 
Surveyor,  Public  Service  Commission,  and  the  Highway  Department, 
all  of  which  required  a  large  number  of  men  to  handle  the  extensive 
work  on  the  Barge  Canal,  New  York  City  subways,  and  the  improved 
highway  systems. 

Mr.  Parthesius  was  a  wide  reader  and  a  keen  student;  a  man  of 
calm,  even  temperament,  a  true  friend  and  gentleman,  who  possessed 
the  confidence  and  respect  of  those  who  had  the  pleasure  of  his  acquaint- 
ance. His  early  demise  removed  from  the  Profession  one  who  was 
deeply  devoted  to  his  work,  and  who  was  just  entering  the  pathway 
leading  to  a  successful  career  in  engineering  work.  His  sudden  illness 
and  death  was  deeply  lamented  by  a  wide  circle  of  friends  and  asso- 
ciates.   He  died  on  February  15th,  1916,  after  a  brief  illness. 

Mr.  Parthesius  was  unmarried,  and  is  survived  by  his  mother  and 
one  brother,  Henry  J.  Parthesius,  also  a  civil  engineer. 

He  was  a  member  of  the  Albany  Society  of  CiviP  Engineers  and 
of  the  Eastern  Society  of  Civil  Engineers. 

Mr,  Parthesius  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  November  1st,  1910. 


WILLIAM  THOMAS  SHAW,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  February  26th,  1916. 


William  Thomas  Shaw,  a  son  of  Ebenezer  A.  and  Betsey  S.  (Dun- 
ham) Shaw,  was  born  in  Middleborough,  Mass,,  on  May  6th,  1880.  His 
father  was  a  veteran  of  the  Civil  War. 

From  the  local  schools,  Mr,  Shaw  went  to  Dartmouth  College  where, 
as  at  home,  he  was  a  renowned  exponent  of  the  National  game,  filling 
the  positions  of  pitcher  and  first  baseman  on  the  'Varsity  nine.    He  was 

•  Memoir  prepared  by  F.  S.  Weston,  Assoc  M.  Am.  Soc.  C.  E. 
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a  member  of  the  Phi  Delta  Theta  fraternity,  and  of  the  Senior  Society, 
Casque  and  Gauntlet. 

After  receiving  the  degree  of  B.  S.,  in  1904,  he  entered  the  Thayer 
School  of  Civil  Engineering,  an  associated  school  at  Hanover,  N.  H., 
founded  in  1871  by  Gen.  Sylvanus  Thayer,  father  of  the  United  States 
Military  Academy.  There  he  was  well  grounded  in  the  fimdamentals 
of  Civil  Engineering,  under  the  directorship  of  that  able  and  scholarly 
professor,  Eobert  Fletcher,  M.  Am.  Soc.  C.  E.  Mr.  Shaw  rounded  out 
his  education  by  spending  the  summer  and  fall  of  1904  in  surveying; 
the  spring  of  1905  as  Aide  on  the  Forestry  Survey  of  Dartmouth  Col- 
lege Grant,  Coos  County,  New  Hampshire;  and  from  June  to  Novem- 
ber, 1905,  as  Instrumentman  on  electric  railway  construction  at 
Sterling,  Mass. 

Receiving  the  degree  of  C.  E.,  in  1906,  Mr.  Shaw  was,  for  a  short 
time,  in  the  field  office  of  the  Charles  River  Basin  Commission,  as 
Computer.  In  November,  1906,  he  went  to  Pennsylvania,  where  he 
was  employed  by  the  Cumberland  Valley  Railroad  for  two  months  as 
Assistant  to  Crosby  Tappan,  Construction  Engineer.  He  was  then 
put  in  charge  of  6  miles  of  revision  work  to  eliminate  grade  crossings, 
reduce  grades,  and  double-track. 

On  May  5th,  1909,  Mr.  Shaw  entered  the  service  of  the  Boston 
Elevated  Railway  Company,  under  the  late  George  A.  Kimball,  M.  Am. 
Soc.  C.  E.,  Chief  Engineer.  He  was  employed  in  the  Cambridge  Office 
of  the  Bureau  of  Elevated  and  Subway  Construction,  first  as  Com- 
puter and  Checker,  and,  later,  as  Assistant  Engineer  during  the  con- 
struction of  the  Main  Street  Subway.  In  the  latter  position,  Mr. 
Shaw  was  engaged  on  the  design  and  plans  of  the  Eliot  Square  Car- 
House,  Cambridge,  including  foundations,  floor,  retaining  walls,  and 
track  layout.  The  Car-House  is  the  Cambridge  Terminal  of  the  Cam- 
bridge Subway,  and  consists  of  a  large  area  of  storage  tracks,  both 
covered  and  in  the  open,  repair  shops,  etc.,  for  the  large  cars  used  in 
the  Subway. 

Mr.  Shaw  was  rapidly  advancing  in  his  chosen  field  when,  on  July 
18th,  1911,  just  as  he  was  about  to  sign  the  plans  which  he  had  been 
preparing,  he  was  forced  to  resign  on  account  of  pulmonary  tuber- 
culosis. After  seeking  to  regain  his  health  in  various  places,  he  re- 
turned to  Middleborough,  Mass.,  and  built  a  home  adjacent  to  the 
place  of  his  birth,  where  he  continued  to  make  a  brave,  but  losing, 
fight  against  the  ravages  of  the  disease,  by  working  in  the  open  air. 

He  was  a  clean  young  man,  ambitious,  conscientious,  with  a  strong 
sense  of  duty  and  loyalty ;  of  excellent  judgment  and  clear  and  orderly 
way  of  thinking.  He  had  that  happy  faculty  of  making  friends 
wherever  he  went  and  also  retaining  them.  To  the  last,. he  was  hope- 
ful and  cheerful,  laying  his  plans  for  the  future  and  ever  ready  to 
help  others. 
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On  June  oOtli,  1010,  Mr.  Shaw  was  married  to  Madeleine  E.., 
daughter  of  William  Scott  and  Mary  (Bryant)  Fleming,  of  Green- 
eastle,  Pa.,  who  survives  him. 

He  was  a  member  of  the  Boston  Society  of  Civil  Engineers  and  the 
Thayer  Society  of  Engineers.  He  was  also  a  member  of  the  First 
Congregational  Church,  the  Masons,  and  the  Sons  of  Veterans. 

Mr.  Shaw  was  elected  an  Associate  Member  of  the  American  Society 
of  Civil  Engineers  on  June  30th,  1910. 
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1919: 
* 

ALEX.  C.  HUMPHREYS 
OTIS    F.   CLAPP 
RICHARD   KHUEN 
FRANK  G.  JONAH 
EDWIN   DURYEA,    JH. 


Assistant  Secretary,  T.  J.  McMfXNN 


Standing:    Committees 

(The  President  of  the  Society  is  ex  officio  Member  of  all  Committees) 


On  Finance : 
GEORGE   W.   FULLER 
ALFRED   CRAVEN 


OTIS   F.   CLAPP 
FRANK  G.  JONAH 


On  Publicatio7is : 
ARTHUR   S.   TUTTLE 


ALEX.  C.  HUMPHREY'S 
JOHN   E.   GREINER 
JOHN   F.   COLEMAN 


On  Library : 
GEORGE   A.   HARWOOD 
JOHN   V.    DAVIES 
HERBERT   S.  CROCKER 
MORTIMER  E.   COOLEY 
CHAS.   WARREN   HUNT 


Special    Committees 

On  Concrete  and  Reinforced  Concrete  :  Joseph  R.  Worcester,  J.  E.  Greiner, 
W.  K.  Hatt,  Olaf  Hoff,  Richard  L.  Humphrey,  Robert  W.  Lesley,  Emil  Swensson, 
A.  N.   Talbot. 

On  Engineering  Education  :   Desmond  FitzGerald,  Onward   Bates,   D.  W.  Mead. 

On  Steel  Columns  and  Struts  :  George  H.  Pegram,  James  H.  Edwards, 
Clarence  W.  Hudson,  Charles  F.  Loweth,  Rudolph  P.  Miller,  Ralph  Modjeski,  Frank 
C.  Osborn,  Lewis  D.  Rights,  George  F.  Swain,  Emil  Swensson,   Joseph  R.  Worcester. 

On  Materials  for  Road  Construction  :  W.  W.  Crosby,  A.  W.  Dean,  H.  K. 
Bishop,  A.  H.  Blanchard,  George  W.  Tillson,  Nelson  P.  Lewis,  Charles  J.  Tilden. 

On  Valuation  of  Public  Utilities  :  Frederic  P.  Stearns,  Charles  S.  Churchill, 
Leonard  Metcalf,  William  G.  Raymond,  Henry  E.  Riggs,  Jonathan  P.  Snow,  William 
J.   Wllgus. 

To  Investigate  Conditions  of  Employment  of,  and  Compensation  of. 
Civil  Engineers  :  Nelson  P.  Lewis,  S.  L.  F.  Deyo,  Dugald  C.  Jackson,  William  V. 
Judson,  George  W.  Tillson,  C.  F.  Loweth,  John  A.   Bensel. 

To  Codify   Present   Practice   on  the   Bearing  Value   of   Soils  for   Founda 
tions,  etc.  :   Robert  A.  Cummings,   Edwin   Duryea,   Jr.,   E.   G.   Haines,   Allen   Hazen, 
James  C.  Meem,  Walter  J.  Douglas. 

On  a  National  Water  Law  :  F.  H.  Newell,  W.  C.  Hoad,  John  H.  Lewis. 

To  Report  on  Stresses  in  Railroad  Track  :  A.  N.  Talbot,  A.  S.  Baldwin, 
J.  B.  Berry,  G.  H.  Bremner,  John  Brunner,  W.  J.  Burton,  Charles  S.  Churchill, 
W.  C.  Gushing,  Robert  W.  Hunt,  George  W.  Kittredgt,  Paul  M.  LaBach,  C.  G.  E. 
Larsson.  G.  J.  Ray,  Albert  F.  Reichmann,  H.  R.  Safford,  F.  E.  Turneaure,  J.  E. 
Willoughby. 


The   House  of  the   Society   is  open   from   9  A.   M.    to   10   p.   m.   every   day,   except 
Sundays,  Fourth  of  July,  Thanksgiving  Day,  and  Christmas  Day. 

House  of  the  Society — 220  West  Fifty-seventh  Street,  New  York. 

Telephone   Number 1446   Circle. 

Cable   Address "Ceas,    New   York." 


*  Director  Virgil  G.  Bogue  died  October  14th,  1916. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


November  15th,  1916. — The  meeting  was  called  to  order  at  8.30 
p.  M. ;  Director  Arthur  S.  Tuttle  in  the  chair ;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  148  members  and  15  guests. 

A  paper  by  Charles  A.  Ferry,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Yale  Bowl",  was  presented  by  the  author  and  illustrated  with  lantern 
slides.  The  paper  was  discussed  by  Thomas  C.  Atwood,  M.  Am.  Soc. 
C  E.,  who  illustrated  his  remarks  with  lantern  slides.  The  subject 
was  discussed  further  by  Messrs.  James  B.  French,  Herbert  C.  Keith, 
John  F.  O'Eourke,  and  T.  Kennard  Thomson. 
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The  Secretary  announced  the  following  deaths: 

Sidney  Willett  Hoag,  Jr.,  of  New  York  City,  elected  Member, 
September  2d,  1885;  died  November  1st,  1916. 

William  Cooper  Cuntz,  of  New  York  City,  elected  Associate. 
September  6th,  1910;  died  November  2d,  1916. 

Adjourned. 

December  6th,  1916. — The  meeting  was  called  to  order  at  8.30  p.  m.; 
S.  C.  Thompson,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  167  members  and  19  guests. 

The  minutes  of  the  meetings  of  October  18th  and  November  1st, 
1916,  were  approved  as  printed  in  Proceedings  for  November,  1916. 

Walter  E.  Spear,  M.  Am.  Soc.  C.  E.,  gave  an  informal  talk  descrip- 
tive of  the  Narrows  Siphon  of  the  Catskill  Aqueduct,  illustrating  his 
remarks  with  lantern  slides.  The  subject  was  discussed  informally  by 
Messrs.  J.  P.  Hogan,  A.  D.  Flinn,  E.  Wegma'^^n,  W.  J.  Boucher,  F.  T. 
Llewellyn,  T.  C.  Atwood,  and  others. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  November  28th,  1916: 

As  Members 

Pierre  Edmond  Amiot,  Chicoutimi,  Que.,  Canada 
Herbert  Howard  Bassett,  Groton,  N.  Y. 
Montcomery  Babcock  Case,  Memphis,  Tenn. 
Gang  Di  nn.  New  York  City 
Fred  Keating  Hilt,  Ridgewood,  N.  J. 
Arthur  Montzheimer,  Joliet,  111. 
Almos  Davidson  Neeld,  Pittsburgh,  Pa. 
George  Edward  Poucher,  Ambridge,  Pa. 
Herbert  Spencer  Ripley,  Worth,  111. 
Norman  Leslie  Stamm,  Philadelphia,  Pa. 
William  Thomas  Taylor,  London,  England 
Fenwick  Milford  Thebo,  Phoenix,  Idaho 
Robert  Lyle  Totten,  Birmingham,  Ala. 
William  Archie  Weldin,  Pittsburgh,  Pa. 
Alfred  Rutgers  Whitney,  Jr.,  New  York  City 
George  Brown  Zahniser,  New  Castle,  Pa. 

As   Associate   Members 

Raymond  Glime  Alexander,  St.  Louis,  Mo. 

Lucius  Ephraim  Allen,  Belleville,  Ont.,  Canada 

Bradley  White  Bartholomew,  Palmer,  Mass. 

Harry  Newton  Benkert,  Philadelphia,  Pa. 

Charles  Roberts  Bennett,  Manila,  Philippine  Islands 

Harry  Bennett,  Brainerd,  Minn. 
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Waltku  Glen  Black,  Mandan,  N.  Dak. 

Clakknce  Edwin  Boesch,  El  Paso,  Tex. 

Albert  George  Bowers,  Lancaster,  Pa. 

John  Everett  Bowersmith,  Oakland,  Cal. 

MiLFORD  Edward  Chappel,  Swan  Quarter,  N.  C. 

Frank  Will.\rd  Cherrington,  Toledo,  Ohio 

WiLLL\M  Clarkson,  Jr.,  Corsicana,  Tex. 

Calvin  Earnest  Cock,  Honey  Grove,  Tex. 

Charles   Ivan   Dav,   Jacksonville,   Fla. 

Charles  Francis  Dingman,  Palmer,  Mass. 

AvMAR  Embury,  2d,  New  York  City 

Frank  Hamilton  Finch,  Dormont,  Pa. 

George  Stedman  Frank,  Medford,  Mass. 

Neil  McAdory  Gamble,  New  Orleans,  La. 

Sidney  Howard  Geoikje,  Harbona,  Idaho 

Walter  Edward  Giesen,  Dallas,  Tex. 

Asa  Waters  Grol  venor,  Fort  Wayne,  Ind. 

Richard  Harvey  Jamison,  Alameda,  Cal. 

Royce  Daniel  King,  Gadsden,  Ala. 

Henri  Louis  Lambert,  Bocas  del  Toro,  Panama 

Arthur  Carl  Lee,  Charlotte,  N.  C. 

David  Lessing  Leffert,  Algona,  Iowa 

Frank  Gardner  Legg,  Jr.,  Lansing,  Mich. 

John  Francis  Lynch,  West  Haven,  Conn. 

Lester  Chipman  McCandliss,  Pittsburgh,  Pa. 

Charles  Andrew  McCollough,  South  Bethlehem,  Pa. 

John  Crane  McVea,  Houston,  Tex. 

Lora  Walter  Miller,  Chicago,  111. 

Arthur  Knox  Mitchell,  Victoria,  B.  C,  Canada 

James  Powell  Murray,  Austin,  Tex, 

Ernest  Lindley  Myers,  Dallas,  Tex. 

Claude  Henry  Rightmire,  Stuart,  Fla. 

Ralph  Earle  Rohn,  Canton,  Ohio 

Earl  Douglas  Rutherford,  Chicago,  111. 

Van  Rensselaer  Powell  Saxe,  Baltimore,  Md. 

Harold  Arthur  Sewell,  Newport,  Wash. 

Ernest  Alton  Shafer,  Olympia,  Wash. 

Hobart  Doane  Shaw,  Gulfport,  Miss. 

Searcy  Bradfield  Slack,  Athens,  Ga. 

John  Wilson  Toyne,  South  Bend,  Ind. 

James  Irwin  Tucker,  Norman,  Okla. 

Charles  Emmett  Washburn,  Los  Angeles,  Cal. 

George  Thompson  Willard,  Chicago,  111. 

Walter  Edward  Winn,  Helena,  Ark. 

William  Daugherty  Wrightson,  Washington,  D.  C. 
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As  Associates 

Arthur  Samuel  Bent,  Los  Angeles,  Cal. 
George  Copp  Warren,  Boston,  Mass. 

As  Juniors 

Charles  Joseph  Boland,  Troy,  N.  Y,. 
Eaymond  Fielding  Braly,  San  Pedro,  Cal. 
Kee  Ham  Chin,  Seattle,  Wash. 
Clarence  Dexter  Conway,  Los  Molinos,  Cal. 
Carl  Henry  Cotter,  Mt.  Vernon,  Ohio 
Ernest  Charles  Dedicke,  McAllen,  Tex. 
Samuel  DeMoss,  Spokane,  Wash. 
Ralph  Burrows  Everett,  Alcoa,  Tenn. 
Abraham  Manuel  Fox,  Detroit,  Mich. 
Frank  Edward  Kohl,  Jr.,  New  York  City 
James  Taylor  Landreth,  Scarsdale,  N.  Y. 
Valentine  Brousseau  Libbey,  Providence,  R.  I. 
Joseph  Eugene  Love,  Chicago,  111. 
Victor  John  Milkowski,  Baldwinsville,  N,  Y. 
RuFus  Burleson  Pearce,  Madison,  Wis. 
John  Sanford  Peck,  Albany,  N.  Y. 
Arthur  Edward  Prack,  Pittsburgh,  Pa. 
Glenn  Stanton  Reeves,  Harrisburg,  Pa. 
Ralph  Whitney  Reynolds,  Berkeley,  Cal. 
Lester  Gushing  Rogers,  Glacier,  B.  C,  Canada 
Daniel  Norman  Turner,  Loretto,  Pa. 
William  Edward  Whalen,  Toledo,  Ohio 
David  Ewing  White,  Louisville,  Ky. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  November  28th,  1916 : 

From  Associate  Meisiber  to  Member 

James  Henry  Millar  Andrews,  Philadelphia,  Pa. 
James  Hervey  Dingle,  Charleston,  S.  C. 
Lewis  Merritt  Gram,  Ann  Arbor,  Mich. 
Herbert  Frank  Howe,  Boston,  Mass. 
Walter  Clark  Howe,  San  Luis  Obispo,  Cal. 
Don  Alexander  MacCrea,  Little  Rock,  Ark. 
Clifford  Bennett  Moore,  Long  Island  City,  N.  Y. 
Harold  Lyell  Stevens,  Chicago,  111. 
Thomas  Johnson  Strickler,  Topeka,  Kans. 
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From  Junior  to  Associate  Member 

Murray  James  Backus,  Punta  Alcgre,  Cuba 

EoBERT  Crewdson  Benson,  Werribee,  Victoria,  Australia 

Ross  JunsoN  Buck,  Lafayette,  Ind. 

Walter  Van  Buck,  Newton,  Ivans. 

Carl  Crandall,  Ithaca,  N.  Y. 

John  Wagconer  Currey,  Wagoner,  Okla. 

Allen  Stewart  Davison,  Pittsburgh,  Pa. 

Frank  Haskell  Densler,  Albany,  N.  Y. 

Russell  Burns  Easton,  Aberdeen,  S.  Dak. 

Raymond  Arden  Edwards,  San  Francisco,  Cal. 

John  Frederick  WlLLL\^r  Gebhardt,  Asuncion,  Paraguay 

John  Carl  Gotwals,  Washington  Barracks,  D.  C. 

Charles  Haydock,  Philadelphia,  Pa. 

George  Norbert  Kelley,  Kansas  City,  Mo. 

Livingston  Allaire  Leeds,  New  York  City 

Harold  MacLean  Lewis,  Loretto,  Pa. 

Clifford  Lynde,  Brooklyn,  N.  Y. 

Quinces  Robertus  Nolan,  La  Grange,  Ga. 

Erich  Moore  Plump,  Jefferson  City,  Mo. 

Edward  Burchard  Sandelands,  Galveston,  Tex. 

Henry  Lawrence  Thackwell,  Marbleton,  Wyo. 

Fred  Morton  Thomson,  El  Paso,  Tex. 

James  Wilmot,  New  York  City     . 

The  Secretary  announced  the  following  deaths: 

William  Henry  Jaques,  of  Little  Boar's  Head,  N.  H.,  elected 
Member,  July  2d,  1890 ;  date  of  death  unknown. 

Louis  Henry  Rathmann,  of  Buffalo,  N.  Y.,  elected  Member,  May 
2d,  1911 ;  died  November  17th,  1916. 

Robert  Maitland  Roy,  of  Hamilton,  Ont.,  Canada,  elected  Associate 
Member,  October  3d,  1900;  Member  March  5th,  1907;  died  June  27th, 
1916. 

Frank  Oscar  Sinclair,  of  Burlington,  Vt.,  elected  Member,  Novem- 
ber 6th,  1901 ;  died  November  15th,  1916. 

Jose  Petronio  Katigbak,  of  Manila,  Philippine  Islands,  elected 
Associate  Member,  April  1st,  1914;  died  May  16th,  1916. 

Charles  Wilson  Ross,  of  Newton  Center,  Mass.,  elected  Associate, 
February  28th,  1911 ;  died  April  11th,  1916. 

Adjourned. 

December  20th,  1916. — Because  of  the  necessity  of  going  to  press 
with  this  number  of  Proceedings  in  advance  of  this  meeting,  the  pub- 
lication of  its  minutes  must  be  deferred  until  J  anuary,  1917. 
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OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

November  28th,  1916. — The  Board  met  immediately  upon  the 
adjournment  of  the  Membership  Committee;  Director  Fuller  in  the 
chair ;  Chas.  Warren  Hunt,  Secretary ;  and  present,  also,  Messrs.  Davies, 
Endicott,  Humphreys,  and  Tuttle. 

Ballots  for  Membership  were  canvassed,  resulting  in  the  election 
of  16  Members,  51  Associate  Members,  2  Associates,  and  23  Juniors, 
and  the  transfer  of  23  Juniors  to  the  grade  of  Associate  Member. 

Nine  Associate  Members  were  transferred  to  the  grade  of  Member. 

A  report  from  the  Membership  Committee  was  received  and  acted 
upon. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

January  3d,  1917. — 8.30  P.  M. — A  regular  business  meeting  will  be 
held,  and  a  paper  by  E.  E.  Bakenhus,  M.  Am.  Soc.  C.  E.,  entitled  "Tests 
of  Concrete  Specimens  in  Sea  Water,  at  Boston  Navy  Yard",  will  be 
presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  MEETING 
The    Sixty-fourth    Annual    Meeting    will    be    held    at    the    Society 
House,   on   Wednesday   and   Thursday,  January   17th   and   18th,   1917. 

Committee  of  Arrangements 
George  H.  Clark, 
C.  V.  y.  Powers,  Charles  E.  Trout, 

James  F.  Sanborn,  Charles  Warren  Hunt. 

The  Business  Meeting  will  be  called  to  order  at  10  o'clock  on  Wednes- 
day morning.  The  Annual  Reports  will  be  presented,  Officers  for  the 
ensuing  year  elected,  members  of  the  Nominating  Committee  ap- 
pointed, Reports  of  Special  Committees  presented  for  discussion,  and 
other  business  transacted. 

SPECIAL  MEETINGS 

Meetings  for  the  discussion  of  the  Progress  Report  of  the  Special 
Committee  on  Materials  for  Road  Construction,  will  be  held  at 
the  Society  House,  at  10  a.  m.  and  2  p.  m.  on  Friday,  January  19th,  1917 
(the  day  following  the  close  of  the  Annual  Meeting  of  the  Society). 

REPORTS  OF  SPECIAL  COMMITTEES 

Reports  of  the  Special  Committees  to  Investigate  Conditions  of 
Employment  of,  and  Compensation  of.  Civil  Engineers,  on  Materials 
for  Road  Construction,  on  Steel  Columns  and  Struts,  on  Concrete  and 
Reinforced  Concrete,  on  Valuation  of  Public  Utilities,  and  on  A 
National  Water  Law,  are  printed  in  this  number  of  Proceedings  with 
the  Papers  and  Discussions. 

SEARCHES  IN  THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 
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The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be  per- 
formed quite  as  well,  and  much  more  quickly,  by  persons  familiar  with 
the  Library. 

In  asking  that  such  work  be  imdertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

It  sometimes  happens  that  references  are  found  which  are  not 
readily  accessible  to  the  person  for  whom  the  search  is  made.  In  that 
case  the  material  may  be  reproduced  by  photography,  and  this  can 
be  done  for  members  at  the  cost  of  the  work  to  the  Society,  which  is 
small.  This  method  is  particularly  useful  when  there  are  drawings  or 
figures   in  the  text,  which  would  be  very  expensive  to  reproduce  by 

hand. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  char- 
acter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not, adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions  only  will  be  requested 
for  subsequent  publication  in  Proceedings  and  with  the  paper  in  the 
volumes  of  Transactions. 

The  Board  of  Direction  has  adopted  rules  for  the  preparation  and 
presentation  of  papers,  which  will  be  found  on  page  429  of  the  August, 
1913,  Proceedings. 
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LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association,  Organized  1905. 

President,  H.  L.  Haehl;  Secretary,  E.  T.  Thurston,  57  Post  Street, 
San  Francisco,  Cal. 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  hmcheons.  The  former  are  held  at  6  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Tuesday  of  February,  April,  June,  August, 
and  October,  and  the  third  Friday  of  December,  the  last  being  the 
Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  rnember  will  be  gladly  welcomed  as  a  guest. 

(Abstract  of  Minutes  of  Meeting) 

October  17th,  1916 — The  meeting  was  called  to  order  at  the  Palace 
Hotel;  Vice-President  Couchot  in  the  chair;  E.  T.  Thurston,  Secre- 
tary ;  and  present,  also,  83  members  and  guests. 

The  Entertainment  Committee  showed  moving  pictures  illustrating 
a  trip  through  Glacier  National  Park  and  the  work  of  the  United 
States  Reclamation  Service. 

Messrs.  T.  J.  Allan,  C.  E.  Beugler,  and  Berthold  Wuth  were  ap- 
pointed on  the  Entertainment  Committee  for  the  December  meeting. 

Communications  were  read  from  the  Philadelphia  Association 
relative  to  the  publication  of  papers  presented  before  the  San  Francisco 
Association,  provided  they  are  not  to  be  presented  before  the  Society, 
and  also  from  the  Building  Trades  Employers  Association  of  San 
Francisco  enclosing  a  report  on  a  proposed  bridge  between  Oakland 
and  San  Francisco.  The  attention  of  the  Association  was  also  called 
to  the  circular  issued  by  the  Committee  to  expedite  the  completion 
of  the  topographic  map  of  the  United  States. 

Mr.  W.  L.  Huber,  for  the  Committee  appointed  to  consider  the 
suggestions  for  the  advancement  of  the  Association,  contained  in  the 
Inaugural  Address  of  President  Haehl,  reported  that  the  work  of 
the  Committee  was  still  held  in  abeyance,  in  view  of  the  proposed 
revision  of  the  Constitution  of  the  Society. 

Mr.  J.  D.  Galloway,  for  the  Joint  Committee  on  Military  Affairs, 
called  attention  to  the  circular  issued  by  the  Consulting  Board  of  the 
National  Engineering  Societies,  and  announced  that  the  Committee 
had  received  notice  that,  in  case  a  class  of  engineers  was  formed  in 
this  city,  every  assistance  would  be  given  by  the  War  Department.  He 
also  annoimced  that  the  Committee  would  soon  issue  a  circular 
explanatory  of  the  movement,  and  would  provide  facilities  for  assistance 
to  those  who  desired  to  take  up  the  prescribed  courses  of  study. 

The  attention  of  the  Association  was  called  to  the  fact  that  as 
yet  the  Schulze  Prize  for  Juniors  had  produced  no  results  and  members 
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of  the  Association  were  urged  to  arouse  the  interest  of  Juniors  in 
this  matter. 

Mr.  T.  J.  Allan  outlined  the  situation  involving  the  dismissal  of 
Mr.  W.  'N.  Frickstad,  as  Assistant  Superintendent  of  Streets  of  Oak- 
land, Cal.,  his  views  on  the  subject  being  endorsed  by  Mr.  P.  F.  Brown, 
Superintendent  of  Streets.  After  discussion,  on  motion,  duly  seconded. 
President  Haehl  was  directed  to  appoint  a  committee  of  three  to 
investigate  the  facts  of  the  case  and  report  at  the  next  meeting,  in 
order  that  the  Association  may  lend  its  moral  and  financial  aid  in 
the  matter.  The  Chair  subsequently  appointed  as  such  Committee, 
Messrs.  Charles  D.  Marx,  T.  J.  Allan  and  A.  H.  Markwart. 

Relative  to  the  matter  of  suggestions  for  member  of  the  Nominating 
Committee,  the  Secretary  announced  that  the  name  of  Mr.  W.  C. 
Hammatt  had  been  submitted  to  him  as  one  who  would  be  willing  to 
represent  this  District  as  a  member  of  the  Nominating  Committee. 

On  motion,  duly  seconded,  the  President  was  directed  to  appoint 
a  committee  of  five  to  investigate  the  methods  and  conditions  of  em- 
ployment of  engineers  by  State  and  municipal  governments,  and 
later  the  personnel  of  this  Committee  was  announced,  as  follows : 
Messrs.  M.  M.  O'Shaughnessy,  Chairman,  R.  A.  Thompson,  Jerome 
Newman,  Franklin  Riffle,  and  L.  S.  Griswold. 

A  paper  entitled  the  "Calaveras  Hydraulic-Fill  Earth  Dam",  the 
design  and  construction  of  which  was  illustrated  by  stereopticon  views 
was  presented  by  Mr.  George  A.  Elliot.  After  a  brief  discussion,  on 
motion,  duly  seconded,  the  paper  was  ordered  printed  for  distribution 
to  the  membership. 

Adjourned. 

On  Saturday,  October  21st,  1916,  57  members  and  guests  of  the 
Association  inspected  the  Calaveras  Dam,  as  guests  of  the  Spring 
Yalley  Water  Company,  under  the  personal  direction  of  Messrs.  Elliot 
and  Espy. 

Colorado  Association,  Organized  1908. 

President,  Thomas  W.  Jaycox;  Secretary-Treasurer,  L.  R.  Hinman, 
1400  West  Colfax  Avenue,  Denver,  Colo. 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  (Denver,  Colo.)  are  held  on  the 
second  Saturday  of  each  month,  except  July  and  August.  The  hour 
and  place  of  meeting  are  not  fixed,  but  this  information  will  be  fur- 
nished on  application  to  the  Secretary.  The  meetings  are  usually  pre- 
ceded by  an  informal  dinner.  Members  of  the  American  Society  of 
Civil  Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays  at  12.30  p.  m.,  at  Daniel's 
and  Fisher's. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meetings) 

September  9th.  1916. — The  meeting  was  called  to  order  at  the 
Denver  Athletic  Club;  President  Jaycox  in  the  chair;  L.  R.  Hinman, 
Secretary;  and  present,  also,  15  members  and  4  guests. 
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The  minutes  of  the  meeting  of  June  10th,  1916,  were  read  and 
approved. 

Mr.  W.  B.  Freeman  addressed  the  meeting  on  "Observations  in 
Siam",  illustrating  his  remarks  with  about  100  lantern  slides. 

A  vote  of  thanks  was  tendered  Mr.  Freeman  for  his  interesting  and 
instructive  address. 

Adjourned. 

October  7th,  1916. — The  meeting  was  called  to  order  at  the  Denver 
Athletic  Club ;  Vice-President  Follansbee  in  the  chair ;  L.  R.  Hinman, 
Secretary;  and  present,  also,  85  members  and  guests. 

This  meeting  was  held  as  a  joint  meeting  of  the  Association,  the 
Denver  Section  of  the  American  Institute  of  Electrical  Engineers, 
and  the  local  members  of  the  American  Society  of  Mechanical  Engi- 
neers, and  all  business  was  omitted. 

Mr.  Q.  W.  Hershey,  of  the  Heavy  Traction  Division,  Westinghouse 
Electric  and  Manufacturing  Company,  addressed  the  meeting  in  explan- 
ation of  motion  pictures  illustrating  his  subject,  "Westinghouse  Steam 
Railroad  Electrifications."  Installations  on  several  Eastern  roads  were 
showTi  and  described,  and  the  subject  was  discussed  informally. 

Mr.  Sam  G.  Porter,  Secretary,  Calgary  Branch,  Canadian  Society 
of  Civil  Engineers,  and  Assistant  Chief  Engineer,  Irrigation  Branch, 
Department  of  the  Interior  of  Canada,  presented  a  paper  on  "Irrigation 
Development  in  Western  Canada",  illustrating  his  remarks  with  lantern 
slides. 

A  vote  of  thanks  was  extended  to  Mr.  Hershey  and  to  Mr.  E.  C. 
Means,  Denver  Manager  of  the  Railway  and  Lighting  Department 
of  the  Westinghouse  Company,  for  the  interesting  pictures  and  dis- 
cussion, and  to  Mr.  Porter  for  his  interesting  address. 

Adjourned. 

Atlanta  Association,  Organized  1912. 

President,  Paul  H.  Norcross;  Secretary-Treasurer,  Thomas  P., 
Branch,  Georgia  School  of  Technology,  Atlanta,  Ga. 

The  Association  holds  its  meetings  at  the  University  Club,  Atlanta, 
Ga.  Regular  monthly  luncheon  meetings  are  held  to  which  visiting 
members  of  the  Society  are  always  welcome. 

Baltimore  Association,  Organized  1914. 

President,  H.  D.  Bush;  Secretary-Treasurer,  Charles  J.  Tilden, 
The  Johns  Hopkins  University,  Baltimore,  Md. 

Cleveland  Association,  Organized  1914. 

President,  Robert  Hoffmann ;  Secretary-Treasurer,  George  H. 
Tinker,  Hickox  Building,  Cleveland,  Ohio. 

(Abstract  of  Minutes  of  Meeting) 

October  14th,  1916. —  The  meeting  was  called  to  order  at  12  m., 
at  the  rooms  of  the  Cleveland  Engineering  Society;  President  Robert 
Hoffmann  in  the  chair ;  George  H.  Tinker,  Secretary ;  and  present,  also, 
17  members. 
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A  resolution  was  passed  recommeudiiii;-  the  election  of  Mr.  A.  J. 
Ilimes  for  Member  of  the  Nominating  Committee  from  District  No.  6. 

The  Secretary  was  instructed  to  communicate  with  the  Board  of 
Direction,  requesting  the  placing  of  duplicate  volumes  from  the  Library 
of  the  Society  in  the  library  of  the  Cleveland  Engineering  Society. 

Mr.  Himes  called  attention  to  the  forthcoming  special  publication 
of  the  Cleveland  Engineering  Society,  and  requested  the  co-operation 
of  the  members. 

Mr.  W.  J.  Watson  presented  the  greetings  of  the  San  Francisco 
Association. 

Ad.iourned. 

Detroit  Association,  Organized  1916. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  December,  April,  and  October,  the  last  being  the  Annual 
Meeting. 

District  of  Columbia  Association,  Organized  1916. 

President,  A.  P.  Davis;  Secretary-Treasurer,  John  C.  Hoyt,  U.  S. 
Geological  Survey,  Washington,  D.  C. 

Illinois  Association,  Organized  1916. 

President,  Onward  Bates;  Secretary-Treasurer,  E.  N.  Layfield, 
4251  Vincennes  Avenue,  Chicago,  111. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Monday  of  March,  June,  September,  and  December,  the  last  being  the 
Annual  Meeting.  The  hour  and  place  of  meeting  are  not  fixed,  but 
this  information  will  be  furnished  on  application  to  the  Secretary. 

Louisiana  Association,  Organized  1914. 

President,  W.  B.  Gregory;  Secretary,  Charles  W.  Okey,  Tulane 
University,  New  Orleans,  La. 

The  regular  meetings  of  the  Association  are  held  at  The  Cabildo, 
New  Orleans,  La.,  on  the  first  Monday  of  January,  April,  July,  and 
October. 

Northwestern  Association,  Organized  I9i4« 

President,  George  L.  Wilson;  Secretary,  Ealph  D.  Thomas,  508 
South  First  Street,  Minneapolis,  Minn. 

(Abstract  of  Minutes  of  Meeting) 
November  28th,  1916.— The   meeting   was   called   to   order   at   the 
Minneapolis  Athletic  Club ;  President  George  L.  Wilson  in  the  chair ; 
Ralph    D.    Thomas,    Secretary;    and   present,    also,    41    members    and 
guests. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Resolutions  on  the  death  of  Vice-President  Leonard  W.  Rundlett 
were  presented  by  the  Secretary,  and  adopted  unanimously. 

The  report  of  the  Committee,  consisting  of  Messrs.  Wolff,  King, 
and  Armstrong,  appointed  to  investigate  the  insinuations,  as  published 
in  the  Fairmont-Sentinel,  concerning  the  State  Highway  Commission 
and  a  highway  bridge  at  Fairmont,  Minn.,  was  accepted,  and  the  Com- 
mittee was  discharged. 
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After  prolonged  discussion  as  to  the  fitness  and  advisability  of  the 
Association  participating  in  questions  of  public  matters,  i)olitical  and 
otherwise,  it  was  moved  and  seconded  that  the  President  appoint  a 
committee  of  three  to  investigate  the  powers  of  the  Association  and 
report  on  a  plan  which  will  enable  it  to  promote  the  interests  of  the 
Engineering  Profession  more  effectively. 

Messrs.  Darling,  Wolff,  and  Claussen  were  subsequently  appointed 
as  such  committee. 

Capt.  J.  B.  Woolnough,  U.  S.  A.,  addressed  the  meeting  on  his 
experience  as  an  officer  at  a  Citizens'  Summer  Training  Camp. 

Lieut.-Col.  E.  H.  Schulz,  Corps  of  Engineers,  TJ.  S.  A.,  discussed 
at  length  the  Engineers'  Reserve  Corps  of  the  U.  S.  Army  and  explained 
how  appointments  were  made. 

Adjourned. 

Philadelphia  Association,  Organized   1913. 

President,  Samuel  T.  Wagner;  Secretary,  C.  W.  Thorn,  1313  South 
Broad  Street,  Philadelphia,  Pa. 

The  regular  meetings  of  the  Association  are  held  at  the  Engineers' 
Club  of  Philadelphia,  1317  Spruce  Street,  on  the  first  Monday  in 
January,  April,  and  October,  the  last  being  the  Annual  Meeting. 

Portland,  Ore.,  Association,  Organized  1913. 

President,  J.  P.  Newell;  Secretary,  J.  A.  Currey,  194  North  13th 
Street,  Portland.  Ore. 

St.  Louis  Association,  Organized  1914. 

President,  J.  A.  Ockerson ;  Secretary-Treasurer,  Gurdon  G.  Black, 
34  East  Grand  Avenue,  St.  Louis,  Mo. 

The  meetings  of  the  Association  are  held  at  the  Engineers'  Club 
Auditorium.  The  Annual  Meeting  is  held  on  the  fourth  Monday  in 
November.  The  time  of  other  meetings  is  not  fixed,  but  this  informa- 
tion will  be  furnished  on  application  to  the  Secretary. 

(Abstract  of  Minutes  of  Meeting) 

November  27th,  1916.— The  Annual  Meeting  was  called  to  order 
at  the  American  Annex  Hotel;  President  J.  A.  Ockerson  in  the  chair; 
Gurdon  G.  Black,  Secretary. 

The  officers  of  the  Association  were  re-elected  for  another  year,  as 
follows:  President,  John  A.  Ockerson;  Vice-Presidents,  Edward  E.  Wall 
and  Frank  G.  Jonah;  and  Secretary-Treasurer,  Gurdon  G.  Black. 

Informal  addresses  were  made  by  Mr.  Baxter  L.  Brown,  on  "His 
Early  Experiences  as  an  Engineer";  Mr.  Henri  Rusch,  on  "His  Mining 
Experiences  in  South  Africa";  Mr.  S.  L.  Wonson,  on  "Bridge  Build 
ing  in  South  America" ;  Mr.  J.  L.  Van  Ornum,  on  "Investigations  Made 
by  the  Carnegie  Foundation  as  to  the  Educational  Qualifications  of  an 
Engineer" ;  and  Mr.  C.  M.  Talbert,  on  "His  Early  Experiences  on  the 
Missouri  and  Mississippi  Rivers." 

It  was  decided  to  hold  the  next  meeting  of  the  Association  on 
January  8th,  1917. 

Adjourned. 
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San  Diego  Association,  Organized  1915. 

President,  N.  B.  Kellogg;  Secretary-Treasurer,  J.  R.  Comly,  4105 
Falcon  Street,  San  Diego,  Cal. 

Seattle  Association,  Organized  1913. 

President,  A.  O.  Powell;  Secretary-Treasurer,  Carl  H.  Reeves, 
444  Henry  Building,  Seattle,  Wash. 

The  regular  meetings  of  the  Association  are  held  at  12.15  p.  M.,  on 
the  last  Monday  of  each  month,  at  The  Arctic  Club. 

(Abstract  of  Minutes  of  Meetings) 

October  30th,  1916. — The  meeting  was  called  to  order  at  12.15  p.  M., 
at  the  Arctic  Club;  President  Powell  in  the  chair;  Carl  H.  Reeves, 
Secretary;  and  present,  also,  18  members  and  guests. 

The  minutes  of  the  meeting  of  September  25th,  1916,  were  read 
and  approved. 

The  resignation  of  Mr.  J.  R.  West  as  a  member  of  the  Association 
was  read  and  accepted. 

A  letter  from  the  Philadelphia  Association  in  reference  to  the 
publication  of  papers  presented  before  the  Association,  in  the  Bulletin 
of  the  Engineers'  Club  of  Philadelphia,  was  read. 

The  Secretary  read  an  invitation  extended  to  the  Association  and 
its  members  to  visit  the  new  physical  testing  laboratory  of  the  Bogardus 
Testing  Laboratories. 

A  letter  from  the  State  Commissioner  of  Health,  enclosing  a 
copy  of  a  bill  for  the  regulation  and  control  of  water  supplies  and 
sewage,  was  referred  to  the  Legislative  Committee. 

On  motion,  duly  seconded,  the  report  of  the  Preliminary  Joint 
Council  of  the  Associated  Engineering  Societies,  was  adopted,  and 
Messrs.  John  L.  Hall  and  Robert  Howes  were  continued  as  Permanent 
Councillors  of  the  Association  for  the  current  year. 

The  Secretary  then  read  the  report  of  the  Special  Committee  on 
the  State  Water  Code.  On  motion,  duly  seconded,  Mr.  T.  A.  Noble 
was  allowed  to  withdraw  his  name  from  the  report  as  submitted  and 
to  present  a  letter  from  himself  to  Mr.  Carrol  B.  Graves  as  a  Minority 
Report.  After  discussion  by  Messrs.  Dimock,  Hussey,  Jacobs, 
McMorris,  Allison,  Fuller,  and  Powell,  it  was  decided,  on  motion, 
duly  seconded,  to  reject  the  report  of  the  Committee  as  submitted,  and 
that  a  meeting  of  the  Association  for  the  purpose  of  considering  further 
the  Committee's  recommendations,  be  called  at  8  p.  M.,.  on  Wednesday, 
November  1st,  1916. 

Adjourned. 

November  ist,  I9i6. — In  accordance  with  the  action  of  the  meet- 
ing of  the  Association  on  October  30th,  1916,  for  further  consideration 
of  the  recommendations  of  the  State  Water  Code  Committee,  the  meet- 
ing was  called  to  order  at  8  p.  m.,  in  the  Assembly  Room  of  the  Seattle 
Chamber  of  Commerce;  President  Powell  in  the  chair;  Carl  H.  Reeves, 
Secretary;  and  present  also  14  members  and  guests. 

A  point  of  order  as  to  the  validity  of  the  motion  to  reject  the 
report  of  the  Water  Code  Committee,  passed  at  the  meeting  of  October 
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30th,  1916,  having  been  raised,  on  motion,  duly  seconded,  the  decision 
oi"  the  Chair  that  such  motion  was  in  order,  was  sustained. 

On  motion,  duly  seconded,  it  was  decided  to  reconsider  the  motion 
to  reject  the  Committee's  report,  and,  after  a  motion  to  amend  and 
adopt  such  report  had  been  lost,  the  President  stated  that  he  would 
consider  that  the  Committee's  recommendations  were  before  the  meet- 
ing for  adoption  or  rejection  separately. 

After  discussion,  on  motion,  duly  seconded,  the  report,  with  certain 
amendments,  was  adopted. 

The  Majority  Report  of  the  Special  Committee  on  The  Relations 
Between  the  American  Society  of  Civil  Engineers  and  Its  Local  Sec- 
tions and  Between  Local  Sections  and  Other  Engineering  Societies 
or  Clubs,  was  presented,  with  a  Minority  Report  signed  by  Mr.  A,  H. 
Fuller,  asking  that  provision  be  made  for  Student  Chapters  at  Engi- 
neering Colleges,  and,  on  motion,  duly  seconded,  the  Majority  Report 
was  adopted,  the  motion  to  include  the  Minority  Report  having  been 
lost. 

Adjourned. 

November  27th,  1916. — The  meeting  was  called  to  order  at  12.15 
p.  M.,  at  the  Arctic  Club;  President  A.  O.  Powell  in  the  chair;  Carl 
H.  Reeves,  Secretary;  and  present,  also,  12  members  and  guests. 

The  minutes  of  the  meeting  of  October  30th,  1916,  and  of  the 
adjourned  meeting  of  November  1st,  1916,  were  read  and  approved. 

A  letter  from  Mr.  Charles  Warren  Hunt,  Secretary  of  the  Society, 
relative  to  the  report  of  the  Special  Committee  of  the  Association 
on  the  relations  of  National  Engineering  Societies  and  Local  Asso- 
ciations of  their  members,  was  read,  and  the  Secretary  was  instructed 
to  advise  Mr.  Hunt  that  the  report  was  intended  for  the  use  of  the 
Board  of  Direction  and  not  for  publication. 

Relative  to  the  report  on  the  Water  Pollution  Bill,  the  Secretary, 
in  the  absence  of  Mr.  H.  L.  Grey,  Chairman  of  the  Legislative  Com- 
mittee, reported  that  the  Committee  had  referred  various  sections  of 
the  Bill  to  Sub-Committees  for  study  and  report,  and  that  the  Chair- 
man desired  further  time  to  prepare  his  report. 

Mr.  John  L.  Hall,  Temporary  President  of  the  Associated  Engineer- 
ing Societies  of  Seattle,  announced  that  five  of  the  six  societies  forming 
the  affiliation  had  completed  all  matters  necessary  for  permanent 
organization,  and  that  a  meeting  would  soon  be  called  to  eifect  such 
organization. 

Mr.  Joseph  Jacobs  presented  an  outline  of  the  proceedings  at  the 
Water  Code  Conference,  held  at  North  Yakima,  Wash.,  on  November 
15th,  1916. 

On  motion,  duly  seconded,  the  date  of  the  December  meeting  of  the 
Association  was  changed  from  December  25th,  to  December  18th.  1916. 

The  President  having  asked  the  members  present  to  express  their 
views  relative  to  a  bill  for  the  Licensing  of  Engineers,  the  subject  was 
discussed  informally  by  Messrs.  Jacobs,  Reeves,  Carver,  Hall,  Ryan,  and 
Hawes,  the  general  opinion  being  that  such  a  bill  would  be  desirable. 
On  motion,  duly  seconded,  the  Secretary  was  instructed  to  ask  the  Legis- 
lative Committee  to  make  special  effort  to  report  on  the  subject  at 
the  next  meeting. 
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On  motion,  duly  seconded,  the  Secretary  was  also  instructed  to 
request  the  Association  of  Engineering  Societies  of  Seattle  to  take 
up  the  question  of  the  Licensing  of  Engineers  at  the  earliest  oppor- 
tunity. 

Adjourned. 

Southern  California  Association,  Organized  1914. 

President,  William  Mulholland;  Secretary,  W.  K.  Barnard,  1105 
Central  Building,  Los  Angeles,  Cal. 

The  Southern  California  Association  of  Memhers  of  the  American 
Society  of  Civil  Engineers  (Los  Angeles,  Cal.)  holds  regular  bi-monthly 
meetings,  with  banquet,  at  Hotel  Clark,  on  the  second  Wednesday  of 
February,  April,  June,  August,  October,  and  December,  the  last  being 
the  Annual  Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  from  the  Secretary. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hos- 
pitality to  any  member  of  the  Society  who  may  be  temporarily  in 
Los  Angeles,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
at  any  of  the  meetings  or  luncheons. 

Spokane  Association,  Organized  I9i4> 

President,  E.  G.  Taber;  Secretary,  B.  J.  Garnett,  City  Hall, 
Spokane,  Wash. 

The  regular  meetings  of  the  Association  are  held  on  the  second 
Friday  of  each  month,  except  July  and  August.  The  hour  and  place 
of  meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary. 

Visiting  members  are  invited  to  attend  the  meetings  and  luncheons. 

Texas  Association,  Organized  1913- 

President,  John  B.  Hawley;  Secretary,  J.  F.  Witts,  Dallas,  Tex. 

Utah  Association,  Organized  1916. 

President,  E.  C.  La  Rue;  Secretary-Treasurer,  H.  S.  Kleinschmidt, 
306  Dooley  Building,  Salt  Lake  City,  Utah. 

MINUTES  OF  MEETINGS  OF 

SPECIAL  COMMITTEES 

TO  REPORT  UPON  ENGINEERING  SUBJECTS 

Special  Committee  on  Materials  for  Road  Construction 

November  4th,  1916. — The  meeting  was  called  to  order  at  the 
House  of  the  Society.  Present,  George  W.  Tillson  (Chairman  pro 
tern.),  H.  K.  Bishop,  A.  W.  Dean,  Nelson  P.  Lewis,  Charles  J.  Tilden, 
and  A.  H.  Blanchard  (Secretary). 

The  minutes  of  the  meeting  of  October  21st,  1916,  were  read  and 
approved. 

On  motion  the  section  of  the  1917  Report  of  the  Committee,  per- 
taining to  Broken  Stone  Roads,  was  adopted,  together  with  paragraphs 
which  the  Committee  requested  the  Secretary  to  prepare. 
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The  following  sections  of  tlie  1917  Report  were  adopted:  Cement- 
Concrete,  with  additions;  Bituminous  Concrete  Pavements;  Sheet- 
Asphalt  Pavements;  Brick  Pavements;  Stone  Block  Pavements;  and 
Wood  Block  Pavements. 

The  Tntroduction  and  Conclusion  to  the  Report,  as  preijared  by 
the  Secretary,  were  adopted. 

On  motion,  the  section  of  tli(>  1917  Report  on  General  Conclusions, 
was  adopted. 

On  motion,  the  complete  1917  Report  was  adopted. 

Special  Committee  on  Steel  Columns  and  Struts 

November  13th,  1916. —  The  meeting  was  called  to  order  at  8  p.  m., 
at  the  House  of  the  Society,  Present,  George  H.  Pegram  (Chairman), 
C.  W.  Hudson,  James  H.  Edwards,  and  Lewis  D.  Rights  (Secretary). 
Dr.  G.  R.  Olshausen,  Engineer-Physicist  of  the  U.  S.  Bureau  of  Stand- 
ards, was  also  present. 

The  minutes  of  the  meeting  of  October  2d.  1910,  were  approved  as 
written. 

In  accordance  with  instructions,  the  Secretary  presented  type- 
written copies  of  the  proposed  Progress  Report.  The  report  was  read 
in  detail,  and  additions  and  corrections  were  suggested  by  the  members 
of  the  Committee.  On  motion,  duly  seconded,  the  Secretary  was  in- 
structed to  make  the  corrections,  and  forward  the  report  to  the  Secretary 
of  the  Society  for  publication  in  the  December  number  of  Proceedings. 

On  motion,  the  Committee  adjourned  to  meet  at  the  call  of  the 
Chairman. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms,  and  at  all  meetings : 

American  Institute  of  Electrical  Engineers,  33  West  Thirty- 
ninth  Street,  New  York  City. 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth 
Street,  New  York  City. 

American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 
Street,  New  York  City. 

Architekten-Verein  zu  Berlin,  Wilhelmstrasse  92,  Berlin  W.  66, 
Germany. 

Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 

Australasian  Institute  of  Mining  Engineers,  Melbourne,  Victoria, 
Australia. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 
Mass. 

Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  176  Mansfield  Street,  Mon- 
treal, Que.,  Canada. 
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Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk  Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Detroit    Engineering    Society,    46    Grand    River    Avenue,    West, 
Detroit,  Mich. 

Engineers  and  Architects  Club  of  Louisville,  1412  Starks  Build- 
ing, Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  6  West  Eager  Street,  Baltimore,  Md. 

Engineers'   Club   of   Kansas   City,   E.   B.   Murray,   Secretary,   920 
Walnut  Street,  Kansas  City,  Mo. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minne- 
apolis, Minn. 

Engineers'   Club   of   Philadelphia,   1317   Spruce   Street,   Philadel- 
phia, Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'   Club  of  Trenton,   Trent  Theatre  Building,   12  North 
Warren  Street,  Trenton,  N.  J. 

Engineers'  Society  of  Northeastern  Pennsylvania,  415  Washing- 
ton Avenue,  Scranton,  Pa. 

Engineers'    Society    of    Pennsylvania,    31    South    Front    Street, 
Harrisburg,  Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Build- 
ing, Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,    The  Minories,   Tower  Hill,  Lon- 
don, E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Calle  25  de  Mayo  195, 
Buenos  Aires,  Argentine  Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  State  Museum  Building,  Chartres 
and  St.  Ann  Streets,  New  Orleans,  La. 

Memphis  Engineers'  Club,  Memphis,  Tenn. 

Midland   Institute   of   Mining,   Civil   and   Mechanical   Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  ^ 

Newcastle-upon-Tyne,  England. 
Oesterreichischer    Ingenieur=    und    Architekten=Verein,    Eschen- 
bachgasse  9,  Vienna,  Austria. 
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Oregon  Society  of  Civil  Engineers,  Portland,  Ore. 

Pacific  Northwest  Society  of  Engineers,  312  Central  Building, 
Seattle,  Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Architekten=Verein,  Dresden,  Ger- 
many. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  rue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Vermont  Society  of  Engineers,  George  A.  Reed,  Secretary,  Mont- 
pelier,  Vt. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chi- 
cago, 111.    ' 
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ACCESSIONS  TO  THE  LIBRARY 

(From  November  2d  to  December  2d,  1916) 
DONATIONS  * 
PASSENGER  TERMINALS  AND  TRAINS. 

By  John  A.  Droege.  Cloth,  9^  x  6  in.,  illus.,  7  -f-  410  pp.  New 
York,  McGraw-Hill  Book  Company,  Inc. ;  London,  Hill  Publishing  Co., 
Ltd.,  1916.    $5.00. 

In  1912,  the  author  published  his  "Freight  Terminals  and  Trains",  and  it  was 
then  suggested  that  he  cover  the  whole  field  of  terminals  and  operation  by  issuing  a 
companion  work  treating  of  the  passenger  service.  This  suggestion  is  carried  out  in 
the  present  volume,  this  book  having  been  arranged  with  a  view  to  producing  two 
companion  volumes  covering  the  operation  of  freight  and  passenger  train  service,  the 
design,  construction,  and  maintenance  of  terminals  and  their  accessories,  as  well  as 
plans  of  organization  and  operating  methods  coincident  thereto.  As  descriptions  of 
all  the  existing  passenger  terminals  was  impossible,  the  author  has  included,  it  is 
stated,  only  such  descriptions,  views,  and  plans  as  embody  typical  or  unique  features 
possessing  educational  value.  The  Chapter  headings  are  :  General  Principles  ;  Con- 
struction and  Maintenance  Details  ;  Interlocking  and  Approaches ;  Through  or  Side 
Stations  ;  Head  or  Stub  Stations  ;  Water  Front  Terminals  ;  The  Passenger  Terminals 
of  New  York  City  ;  Trackage  or  Terminal  Agreements  ;  Passenger  Terminal  Opera- 
tion ;  The  Station  Master ;  The  Ticket  Office ;  Train  Indicators ;  Baggage  Handling 
and  the  Parcel  Room  ;  Car-cleaning  Plants  ;  Small  Stations  ;  Passenger  Trains  and 
Terminals  of  Foreign  Countries  ;  Electrification  ;  Time-Tables  and  Train  Schedules  ; 
Passenger  Train  Operation  ;  Accidents  and  Their  Prevention  ;  The  Commissary  ; 
Statistics  of  Passenger  Service ;  Index. 

CONTRACTS,  SPECIFICATIONS  AND  ENQINEERING  RELATIONS. 

By  Daniel  W.  Mead,  M.  Am.  Soc.  C.  E.  Cloth,  9^  x  6  in.,  illus., 
11  +  535  pp.    New  York,  McGraw-Hill  Book  Co.,  1916.    $3.00. 

In  this  book,  which  was  first  is.?ued  for  use  by  the  author's  class  at  the  Univer- 
sity of  Wisconsin  and  for  private  circulation,  the  author,  it  is  said,  has  discussed 
some  of  the  important  relations  of  the  engineer  and  architect  in  practical  life,  with 
which  the  technical  man  should  familiarize  himself  before  engaging  in  professional 
practice.  The  discussion  of  legal  and  contractual  relations  is  brief,  and  although 
that  on  the  principles  of  personal  and  ethical  relations  is  also  brief,  it  is  stated  in 
such  a  manner,  it  is  said,  as  to  make  it  plain  to  the  young  engineer  that  an  apprecia- 
tion of  honesty,  integrity,  and  fairness  in  his  dealings  with  contractors  and  others, 
will  lead  to  the  highest  type  of  work,  the  most  economical  construction,  and  the 
greatest  professional  satisfaction.  The  latter  part  of  the  book  is  devoted  to  a  detailed 
discussion  on  the  preparation  of  specifications,  and  the  analytical  system  suggested 
by  the  author  is  believed,  it  is  stated,  to  afford  a  safe  and  logical  method  for  the 
student  to  follow  in  working  out  the  elements  and  principles  of  specification  writing. 
At  the  end  of  each  chapter,  the  author  has  included  a  brief  bibliography  on  the  sub- 
ject discussed  in  that  chapter  and,  in  Appendix  D,  he  has  given  an  extensive 
bibliography  of  specifications.  The  Contents  are  :  The  Engineer  and  His  Education  ; 
Success  in  the  Engineering  Profession  ;  The  Engineer  at  Work  ;  Personal  and  Ethical 
Relations ;  The  Use  of  English  ;  Letters  and  Reports  ;  Origin,  Nature  and  Develop- 
ment of  Law;  Some  Legal  Relations  of  Technical  Men — Legal  Rights  and  Responsi- 
bilities ;  Notes  on  Agreements  and  Contractual  Relations  ;  Day  Labor  and  Contract 
Systems  of  Construction ;  Engineering  and  Architectural  Works  Constructed  Under 
Contract ;  Advertising  and  Letting  Contract ;  Contracts  ;  General  Conditions  of  the 
Contract ;  Preparation  of  Specifications ;  Technical  Specifications ;  Specifications  for 
Fundamental  Materials  and  Supplies  ;  Specifications  for  Fundamental  Processes  ; 
Specifications  for  Machinery  and  Apparatus  ;  Design  and  Specifications  for  Engineer- 
ing and  Architectural  Work  ;  Appendix  A,  Outline  of  Specifications  for  the  Construc- 
tion of  a  Building;  Appendix  B,  Sample  Contract  and  Specifications  for  a  Complete 
Structure  ;  Appendix  C,  Drawings  as  a  Basis  for  Specification  Writing  ;  Appendix  D, 
Bibliography  of  Specifications  ;  Index. 

Gifts  have  also  been  received  from  the  following: 

Aero  Club  of  America.     1  pam.  Arnold,  Blon  J.     1  bound  vol. 

Alabama-Geol.  Survey.     1  pam.  Assoc.  Elettrotecnica  Italiana.     1  pam. 

Alvord,  John  W.     2  pam.  British    Fire    Prevention    Committee.       1 

Am.  Telephone  &  Telegraph  Co.  1  vol.,  2  pam. 

pam.  Brown,  Rome  G.     1  pam. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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Riireau  of  Ry.  Economics.     8  patn. 
Canada-Comm.  of  Conservation.     1  bound 

vol. 
Canada-Dept.  of  Mines.     2  vol. 
Canada-Geol.   Survey.      1   vol.,   2   pam. 
Canada-Irrig.  Branch.     2  pam. 
Canada-Mines  Branch.     1  vol. 
Chicago,   Burlington   &   Quincy    R.    R.    Co. 

1  pam. 
Chicago,    Rock    Island    &    Pacific    Ry.    Co. 

1  vol. 
Colorado  &  Southern  Ry.  Co.     1  pam. 
Colorado  School  of  Mines.     2  pam. 
Colorado  Scientific  Soc.     1  pam. 
Dunn.  Samuel  O.     1  pam. 
Florida-State  Geol.  Survey.     1  bound  vol. 
Glasgow  Iron  Co.     1  bound  pam. 
Harvard  Univ.     1  pam. 
Hawaii-Public   Utilities   Comm.      2   pam. 
Hill,  John  W.     1  pam. 
Illinois-River  and  Lakes  Comm.     1  pam. 
Illinois-State  Geol.  Survey.     1  pam. 
Institution  of  Elec.  Engrs.     1  pam. 
Institution  of  Naval  Archts.     1  bound  vol. 
Inter.  Eng.  Congress.     1  bound  vol. 
Iron  and  Steel   Inst.      1  bound  vol. 
Johnson,  George  A.     1  vol. 
Kluegel,  Charles  H.     2  pam. 
Lehigh  &  Hudson  River  Ry.  Co.      1  pam. 
Los  Angeles,  Cal.-Dept.  of  Public  Service. 

1  vol. 
Manchester,  England-Rivers  Dept.      1  vol. 
Merchants  Assoc,  of  New  York.      1  pam. 
National  Assoc,  of  Ry.  Commrs.      1   pam. 
New    York    State-Public    Service    Comm., 

First  District.     1  bound  vol. 
New  York-State  Commr.  of  Highways.     1 

bound  vol. 
New  York-State  Industrial  Comm.    1  pam. 
New  Zealand-Geol.  Survey.     1  pam. 
North    East    Coast    Inst,    of    Engrs.    and 

Shipbuilders.     1  bound  vol. 
Ohio  State  L^niv.     2  pam. 


Oklahoma-Dept.  of  Highways.  1  map. 
Pasadena,  Cal.-City  Auditor.  2  pam. 
Pennsylvania-Water     Supply     Comm.       1 

bound  vol. 
Pere  Marquette   R.  R.  Co.      1   pam. 
Philadelphia,  Pa. -Bureau  of  Highways.     1 

vol. 
Philadelphia,    Pa. -Bureau    of    Water.       1 

pam. 
Philadelphia,    Pa. -Dept.    of    City    Transit. 

1    bound    vol. 
Philippine  Islands-Health  Service.     1  vol. 
Presidents'  Conference  Committee.     1  pam. 
Queensland-Commr.  for  Rys.     1  pam. 
Richardson,    Clifford.      1   pam. 
St.  Joseph  &  Grand  Island  Ry.  Co.     1  pam. 
Savannah,   Ga. -Mayor.      1   bound  vol. 
Smithsonian    Institution.      1    vol.,    3   pam. 
Sydney,  Univ.  of.     1  bound  vol. 
Traveling  Engrs.  Assoc.     1  pam. 
Union  of  South  Africa-Dept.  of  Mines  and 

Industries.     1   vol. 
U.  S. -Bureau     of    Foreign     and     Domestic 

Commerce.      1    vol. 
TT.  S. -Bureau  of  Mines.      2  pam. 
U.  S. -Bureau  of  Standards.      2  pam. 
U.  S. -Coast  and  Geodetic  Survey.    1  bound 

vol. 
U.  S.-Dept.   of  Agriculture.      5   pam. 
U.  S.-Bngr.    Office,    Dallas,    Tex.      1    pam. 
U.  S.-Engr.  Office,  Grand  Rapids,  Mich.    2 

pam. 
U.  S.-Engr.  Office,   New  London,   Conn.      3 

pam. 
U.  S.-Engr.  Office,  New  York  City.    1  pam. 
U.  S.-Engr.  Office,   San  Francisco,  Cal.      2 

pam. 
U.  S.-Engr.    Office,    Wheeling,    W.    Va.      4 

pam. 
U  S. -National    Museum.      1    pam. 
Universidad  Nacional  de  la  Plata.     1  pam. 
Vermont  Soc.  of  Engrs.      1  pam. 
Virginian   Ry.  Co.     1  pam. 
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MEMBERSHIP 

(From  November  3d  to  December  7th,  1916) 
ADDITIONS 

MEMBERS 

Andrews,    James    Henry    Millar.     Engr.    of  ^ 

Distrib.,   The   Philadelphia   Rap.   Trans.    >.   Assoc. 

System,  820  Dauphin  St.,   Philadelphia,    fM. 

Pa j 

Day,     William     Peyton.     Archt.    and     Engr.    \  Jun. 

(Weeks  &  Day),  933  Phelan  Bldg.,  San    l  Assoc. 

Francisco,  Cal )  M. 

Dunn,  Gang.     Pres.,  The  J.  G.  White  Eng.  Corporation,  117 

West  58th  St.,  New  York  City 

Gaylord,   Laurence   Timmerman.     Vice-Pres.,  ^ 

Atlantic,  Gulf  &  Pacific  Co.,  Park  Row    >.   Assoc.  M. 

Bldg.,     New     York     City      (Res.,      182    f  M. 

Christopher  St.,  Montclair,  N.  J. ) j 

Giaver,   Joachim   Gotsche.     Cons,   and   Structural   Engr., 

751   Ry.  Exchange  Bldg.,  Chicago,  111 

Heald,  Eugene  Hamilton.     Asst.  Div.  Contr.  Mgr.,  Am. 

Bridge  Co.,  208  South  La  Salle  St.,  Chicago,  111 

MacCrea,  Don  Alexander.     Cons,  and  Superv.  ^  Jun. 

Engr.     (Ford    &    MacCrea),    Room    338,    I  Assoc.  M. 

Gazette  Bldg.,  Little  Rock,  Ark )  M. 

Macintyre,   Robert   Wentworth.     Asst.    Engr.,   Dept.    of 

Rys.,  Govt,  of  British  Columbia,  Box  1290,  Victoria, 

B.   C,    Canada 

Montzheimer,  Arthur.     Chf.  Engr.,  Elgin,  Joliet  &  Eastern 

Ry.,  Joliet  National  Bank  Bldg.,  Joliet,  111 

PoucHER,  George  Edward.     Engr.,  Drawing  Room  No.   1, 

Ambridge  Plant,  Am.  Bridge  Co.,  Ambridge,  Pa 

Ripley,  Herbert  Spencer.     Res.  Engr.,  Calumet-Sag  Canal, 

Worth,  111 

Robertson,      Avalon      Graves.     Chf.      Engr.,   ^  Jun. 

Bocas  Div.,  United  Fruit  Co.,  Bocas  del    v  Assoc.  M. 

Toro,  Panama )  M. 

Stamm,  Norman  Leslie.     Harbor  Engr.,  Dept.  of  Wharves, 

Docks  and  Ferries,  City  of  Philadelphia,  3412  Race 

St.,   Philadelphia,   Pa 

Stevens,  Harold  Lyell.     Pres.,  H.  L.  Stevens 

&      Co.,      910     South     Michigan     Ave 

Chicago,  111 ) 

Strickler,  Thomas  .Johnson.     Engr.,  Kansas   i  Assoc.  M. 

Public  Utilities  Comm.,  Topeka,  Kans.  .    j"  M. 
Thompson,  Milton  Theodore.    324  Westview  Ave.,  Leonia, 

N.   J 


:i 


Assoc.  M. 
M. 


Date  of 
Membership. 

April  2,  1912 
Nov.     28,  1916 

Mar.  6,  1906 
Mar.  1,  1910 
Oct.   10,  1916 

Nov.  28,  1916 

Nov.  4,  1908 
Oct.   10,  1916 


Sept.  12,  1916 

June  23,  1916 

May  2,  1899 

Oct.  1,  1902 

Nov.  28,  1916 


Oct.  10,  1916 

Nov.  28,  1916 

Nov.  28,  1916 

Nov.  28,  1916 

Oct.  6,  1908 

Jan.  3,  1911 

Oct.  10,  1916 

Nov.  28,  1916 

April  6,  1909 

Nov.  28,  1916 

May  3,  1910 

Nov.  28,  1916 

Sept.  12,  1916 
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MEMBERS    (Conti)nir(])  Date  of 

Membership. 

Triana,  iliouKi..      P.  ().  Box  No.  5,  Bogota,  (^ilonihia Sept.    12,  1916 

White.    Robert    Culin.     Engr.,     M.    of     VV..  "^ 

Southern  Dist.,  Mo.  Pac,  Iron  Mt.  Rv.,    !    Assoc.  ^I.     June      4,   1913 

Room   20,    Union    Station,    Little    Rncl:,    {M.  Oct.      10,  1916 

Ark j 

Whitney,    Alfred    Rutgers,    Jr.     Pres.    and    Treas.,    The 

Whitney  Co.,  1  Liberty  St.,  New  York  City Sept.    12,   1916 

Zahniser,    George    Brown.     Civ.    and    Min.    Engr.,    Clen- 

denin  Blk.,  New  Castle,  Pa Nov.     28,  1916 

associate  members 

Ali.ee,     Orsino     Paul.     Vice-Pres.     and     Mgr..     Arkansas 

Bridge  Co.,  3414  Wyandotte  St.,  Kansas  City,  Mo.  .  .      May     31,   1916 

Ai.LEN,   Lucius   Ephraim.     Cons,   and   Const.   Engr.,   Bank 

of  Commerce  Bldg.,  Belleville,  Ont.,  Canada Nov.     28,  1916 

Bex.iamin,  William  Purdy.     Supt.  of  Constr.,  The  Babcock 

&  Wilcox  Co.,  Care,  J.  S.  Sneddon,  Barberton,  Ohio.  .  .     Mar.    14,   1916 

Bennett,  Harry.  Engr.  in  Chg.  of  Constr.  for  North- 
west Paper  Co.,  Brainerd,  Minn Nov.     28,   1916 

<"hekkington,  Frank  Willard.     Chf.  Engr.,  The  Jennison- 

Wright  Co.,  2463  Broadway,  Toledo,  Ohio Nov.     28,  1916 

Clarkson,   W'illiam,  Jr.     Asst.   Mgr.   and  Chf.  Engr.,   Oil 

City  Iron  Works,  Corsicana,  Tex Nov.     28,  1916 

CONARD,  Robert  Allen.     Supt.,  Sewer  Dept.,  Jacksonville, 

Fla May     31,   1916 

Davis,  Frank  Hill.     U.  S.  Engr.  Office,  Tuscaloosa,  Ala.  .  .     May     31,  1916 

Derrick,    John    Russell.     Asst.    Res.    Engr.,  ^   ^ 

Kf      e  Mi^     XT    ,    AUT    -r,        ,o.,   T>  ■       :  r  Jun.  May     28,  1912 

M.  of  W.,  N.  &  W.  Ry.,   723  Princeton  I    ^  ,,      „    ^      ,„'       ,^ 

A          Di     «  ij    .n'    T7  l  Assoc.  M.     Sept.    12,  1916 

Ave.,  Bluefield,  W.  Va )  ^ 

Ferguson,  Wilbur  Earle.  Estimating  Engr..  Robert  A. 
Keasbey  Co.;  Instr.,  Civ.  Eng.,  Cooper  LTnion, 
Cooper  Union,  New  York  City May     31,   1916 

Finch,    Frank    Hamilton.     Asst.    Engr.,    Designing    and 

Estimating  Eng.  Dept.,  McClintic-Marshall  Co.,  1508 

Hillsdale  Ave.,  Dormont,  Pa Nov.     28,   1916 

Foster,  Herbert  Bismarck.     Engr.  for  Comp-  \    ^ 

,     ,,     ,       ^^  ,,   .  !     r.  If       •  J""-  Sept.      3,   1907 

troller  s     Office,     Univ.     of     California,  ).    .  ,,      ^  , 

„,,,,'  f  Assoc.  M.     Oct.      10,   1916 

Berkeley,   Lai i 

Frank,  George  Stedman.  Asst.  Constr.  Supt.,  Common- 
wealth Acid-Phospate  Co.,  Medford,  Mass Nov.    28,   1916 

Frankland,  Frederick  Herston.  Bridge  Engr.,  Highway 
Dept.,  Calcasieu  Parish,  P.  O.  Box  610,  Lake 
Charles,  La May     31,  1916 

Grimm,  Claude  Irving.     Junior  Engr.,  U.  S.  Engr.  Office, 

Box   716,   Cincinnati,   Ohio Oct.      10,   1916 
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Membership. 
Grosvenor,   Asa   Waters,     Designing  and    Superv.   Engr., 

408  Bass  Blk.,  Fort  Wayne,  Ind Nov.     28,  1916 

Hart,  Samuel  Alexander.     La  Habra,  Cal Oct.      10,  1916 

Jun.  Sept.      4,  1905 


HoHL,  Leonard  Louis.     Sausalito,  Cal >    .  ,,      ^  ,.       ,^    ,„,^ 

'^  Assoc.  M.     Oct.      10,  1916 

Leeds,     Livingston     Allaire.     Asst.     Engr.,  )   ^                   ,,  -    ,„,. 

<^,.   .       ^.   ,              T.     .        ^       ,  ,          •  /  Jun.               May  6,  1914 

State     Highwav     Dept.,     Poiighkeepsie,  y.  ,,      ^^  no-mia 

,^    ,,          c.        .           f    '            e.         ^      '  f  Assoc.  M.     Nov.  28,  1916 

N.   Y ) 

Lewis,  Harold  MacLean.     With   Charles  W.   |   Jun.  Feb.       4,  1913 

Leavitt,  Loretto,   Pa <j  Assoc.  M.     Nov.     28,  1916 

McLaren,      Arthur      Anthony.     Supt.       of  ■)    .^  ^  oi    im^ 

^   '  ^   ,        .,^      .,,,,„  „  ^  /  Jun.  June  24,   1914 

Constr.,  Cedars  Rapids  Mfg.  &  Power  Co.,  y.  ^.^  ^  nn    ^n^o 

'  ,  r  Assoc.  M.  June  23,  1916 

Cedars,  Que.,   Canada J 

McVea,     John     Crane.     Asst.     City     Engr.,     City     Hall, 

Houston,   Tex Nov.    28,  1916 

Miller,  Benjamin  Franklin,  Jr.     City  Engr.,  721  Alden 

St.,  Meadville,  Pa June    23,  1916 

Nichols,  Allen  Eugene.     Designing  Engr.,  City  of  Chicago, 

5331   Woodlawn  Ave.,  Chicago,  111 Oct.      10,  1916 

Patterson,    Laurence.     435    Van    Cortlandt    Park    Ave., 

Yonkers,  N.  Y May     31,   1916 

Pitney,  John  James  Garfield.     Engr.  in  Chg.  of  Squad, 

Am.  Bridge  Co.,  Box  13,  Ambridge,  Pa Oct.      10,   1916 

Plump,   Erich  Moore.     401    Stuyvesant  Ave.,   )   Jun.  April  30,  1912 

Brooklyn,  N.  Y \  Assoc.  M.     Nov.    28,  1916 

Rohde,  Charles  Freeman.  Asst.  Engr.,  Public  Service 
Comm.,  City  of  New  York,  6830  Ridge  Boulevard, 
Brooklyn,  N.  Y May     31,  1916 

Rutherford,  Earl  Douglas.     709  Lyon  and  Healy  Bldg., 

Chicago,   111 Nov.    28,   1916 

Shaw,  Hobart  Doane.     City  Engr.,  Gulfport,  Miss Nov.    28,  1916 

SoRENSON,  Julius  Jennis.     Care,  "Valuation  Dept.,  L.   R. 

&  N.  Co.,  Shreveport,  La June    23,  1916 

Stimson,  Burt.     5265  Fifteenth  Ave.,  N.  E.,  Seattle,  Wash.     Sept.    12,  1916 

Thomas,  David  Ogle.     Belleville,  111 Oct.      10,  1916 

Wicker,  William  Somers.  Res.  Engr.,  Chester  &  Flem- 
ing, 29  East  Glenaven  Ave.,  Youngstown,  Ohio Oct.      10,  1916 

Winn,  Walter  Edward.     Chf.  Engr.,  The  Winn  Eng.  Co., 

211  Solomon  Bldg.,  Helena,  Ark Nov.     28,  1916 

associates 

Moots,  Elmer  Eabl.     Care,  Agricultural  Products  Co.,  Box 

396,  Tucson,  Ariz May     31,  1916 

Warren,    George    Copp.     Pres.,    Warren    Bros.    Co.,    142 

Berkeley  St.,  Boston,  Mass Nov.     28,  1916 
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Membership. 
Boi.AND,  Charles  Joseph.     Engr.,  C.  P.  Boland  &  Co..  228 

Eighth  St.,  Troy,  N.  Y Nov.     28,   1916 

Camp,  Ge»rge  Dashiell.     38  Westland  Ave.,  Boston,  Mass.     Sept.     12,  1916 
Canney,     Jay     Cassius.     Structural     Draftsman,     Bridge 
Dept.,    City    of    Seattle,    5034    Seventh    Ave.,    N.    E., 

Seattle,   Wash May     3 1 ,  1916 

Coombs,   Donald  Gladstone.     Asst.   to   Supt.   of   Constr., 

U.  S.  Reclamation  Service,  Meadow  Creek,  Wash.  ..  .      Sept.    12,   1916 
Davies,  Herdert  Arthxjb.     Care,  Virginia  Bridge  &  Iron 

Co.,   Roanoke,   Va Mar.    14,  1916 

Dupuy,  Alberto.     Apartado  No.  893,  Bogota,  Colombia.  .  .  .      Sept.    12,  1916 
LiBBEY.    Valentine    Brousseau.     240    Benefit    St.,    Provi- 
dence, R.   I Nov.     28,  1916 

Neff,  Henry  Conrad.     Civ.  Engr.,  Town  of  Adams,  First 

National  Bank  Bldg.,  Adams,  Mass May     31,   1916 

Stafford,  Harlowe  IMcVicker.  Field  Asst.,  Water  Re- 
sources Branch,  U.  S.  Geological  Survey,  Buck 
Meadows,  P.  0.,  Lake  Eleanor  (inn  Hetch  Hetchy 
Valley),   Cal Oct.      10,  1916 


CHANGES  OP  ADDRESS 

MEMBERS 

Baker,  Holland  Williams.     Cons.  Engr.,  Cambridge  PI.,  Station  A,  Colum- 
bus, Ohio. 
-Barr,  Joseph  Carroll.     Gen.  Mgr.,  Pittsburgh  Steel  Ore  Co.,  Riverton,  Minn. 

Brownell,  Ernest  Henry.     Civ.  Engr.,  U.  S.  N.,  Navy  Yard,  Portsmouth, 
N.  H. 

Burr,  William  Hubert.     Cons.  Engr.,  120  Broadway,  New  York  City. 

Cameron,  Harry  Frank.     Union,  Me. 

CoNABD,  Clarence  Knight.     Chf.  Engr.,  Davison  Sulphur  &  Phospate  Co., 
Hourruitiner  25,   Cienfuegos,  Cuba. 

Crownover,    Charles   Elmer.     Project   Engr.,   U.   S.   Reclamation    Service, 
North  Yakima,  Wash. 

Edwards,  James  Harvey.     Asst.   Chf.   Engr.,  Am.   Bridge   Co.,   30   Church 
St.,  New  York  City. 

Fitch,  Charles  Lincoln.     Cons.  Engr.,  314  Hennen  Bldg.,  New  Orleans,  La. 

Gates,  Horace  Delphos.     6052  Ross  St.,  Oakland,  Cal. 

Haines,  Henry  Stevens.     1154  Worthington  St.,  Springfield,  Mass. 

Hall,  Julius  Reed.     Mech.  Engr.,  Snyder  Elec.  Furnace  Co.,   1405  Monad- 
nock  Blk.,  Chicago,  111. 

Hammond,  Alonzo  John.     Prin.  Asst.  Engr.,  Chicago  Union  Station   Co.; 
Res.,  707  Michigan  Ave.,  Evanston,  111. 

Harrison,  Burr  Powell.     First  Asst.  Engr.,  Maryland  State  Road  Comm., 
218  East  Biddle  St.,  Baltimore,  Md. 
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Hawley,   William    Chauncey.     Chf.    Enp^r.   and    Gen.    Supt.,    Pennsylvania 

Water  Co.,  721  South  Ave.,  Wilkinsburg,  Pa. 
Heck,   Kirby  Scott.     1765  Atlantic  Ave..  Long  Beach,  Cal. 
Howard,    John    Lewis.     Asst.    to    Chf.    Engr.,    JVIetropolitan    Water-Works, 

1  Ashburton  PL,  Boston,  Mass. 
Jackson,   Edward  Sherman.     Snpt.   and  Chf.   Engr.,   Idaho   South.  R.  R., 

700  Kinnear  PI.,  Seattle,  Wash. 
Johnson,   Charles.     Asst.   Engr.,   Coventry   Land   &   Impvt.   Co.,   403    Ohio 

Boulevard   (Res.,  110  Russel  Ave.),  Akron,  Ohio. 
Khuen,  Richard,  Jr.      (Director.)      Gen.  Mgr.  of  Erection,  Am.  Bridge  Co., 

Frick  Bldg.,  Pittsburgh,  Pa. 
McGrew,  Anson  Burlingame.     U.  S.  Asst.  Engr.,  211   Farmers  Bank  Bldg., 

Pittsburgh,  Pa. 
Mathewson,  Thomas  Knight.     1919  Mulberry  Ave.,  Muscatine,  Iowa. 
MiNNiss,  George  Stewart.     Capt.,  74th  New  York  Infantry,  Pharr,  Tex. 
Newman,    Jerome.     Chf.    Engr.,    Board    of    State    Harbor    Commrs.,    1271 

Twelfth  Ave.,  San  Francisco,  Cal. 
Poi.K,  Armour  Cantrell.     Care,  Sanderson  &  Porter,  52  William  St.,  New 

York  City. 
Rowell,   George   Freeman.     Care,   Day  &   Zimmermann.   611    Chestnut   St., 

Philadelphia,  Pa. 
Rowland,  Walter.     Asst.  Engr.,  Chile  Exploration  Co.,  120  Broadway,  Room 

3523,  New  York  City. 
Schubig,    Ernest    George.     Supt.    of    Constr.,    U.    S.    Treasury    Dept.,    34 

Bishop  St.,  New  Haven,  Conn. 
Shepley,   Charles   Rogers.     Contr.   and   Engr.,   920   Germania   Life    Bldg., 

St.   Paul,  Minn. 
Stubtevant,  Carleton  William.     Cons.  Engr.,  110  Cathedral  Parkway,  New 

York  City. 
Thayer,  Russell.     Commercial  Trust  Bldg.,  Philadelphia,  Pa. 
Tuthill,  Job.     Michigan  Central  Terminal,  Detroit,  Mich. 
Walsh,  George  Scherzer.     2110  Garfield  St.,  Lincoln,  Nebr. 
Wolff,  Hans  Hermann.     Box  283,  Berkeley  Springs,  W.  Va. 
Yates,  William  Henry.     Cons.  Engr.,  Ill  Broadway,  New  York  City. 

associate  members 
Abbott,   Carl   Prescott.     Deputy   Commr.   of   Public   Works,    6   Grand   St. 

(Res.,  5  Rathbun  Ave.),  White  Plains,  N.  Y. 
Ackerman,  Alexander  Seymour.     64  Seminary  Ave.,  Rahway,  N.  J. 
AiKENHEAD,  James  Ray.     With  Henry  R.  Kent  &  Co.,  141   Broadway.  New 

York  City. 
Ancona,    John    Flinn.      Mech.     and    Architectural     Engr.,     Cutler     Bldg., 

Rochester,  N.  Y. 
Baker,  Ned  Duncan.     79  Rio  Vista  Ave.,  Oakland,  Cal. 
Bringhurst,  John   Henry.     Associate  in  Civ.   Eng.,  Johns  Hopkins  Univ., 

Baltimore,  Md. 
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Bryson,  Carlyle  Hugo.     22lil  West  31st  St.,  Los  Angeles,  Cal. 
BuRXETTE,  Frank  Rupert.     Engr.,  Coke  Plant,  Am.  Steel  &  Wire  Co.,  10517 

Churchill  Ave.,  Suite  8,  Cleveland,  Ohio. 
Campbell,  George  Raymond.     143  West  19th  St.,  Olympia,  Wash. 
Carhart,  Frank  Milton.     Care,  Idaho  Power  Co.,  Boise.  Idaho. 
Carlisle,    Orville    Berton.     4040    Kenmore    Ave.,    3d    Flat,    Chicago,    111. 
Carr,  Dean  Orrice.     644  East  50th  PI.,  Chicago,  111. 
Chittenden,  Albert  Friedricii.     4106  Burke  Ave.,  Seattle,  Wash. 
Cooper,    Gilbert   Kenyon.     Inspecting   Engr..    Chicago    Union   Station    Co., 

521  West  Adams  St.,  Chicago,  111. 
Crary,  Alexander  Patton.     1768  Columbia  Rd.,  Washington,  D.  C. 
DeGraff,   Carlton    Robb.     Asst.   Engr.,   Dept.    of   State   Engr.,   211    North 

Main  St.,  Jamestown,  N.  Y. 
Drowne,  Henry  Bernardin.     Engr.,  Lane  Constr.  Corporation,  35  Kimberly 

Ave.,  Springfield,  Mass. 
Eagleson,  Ernest  George.     Cons.  Engr.,  Boise,  Idaho. 
Elder,  Ernest  Hartwell.     P.  0.  Box  202,  San  Antonio,  Tex. 
Entenmann,  Paul  Max.     258  Harvard  Bldg.,  Los  Angeles,  Cal. 
Flick,  John  Kramer.     2609  Guilford  Ave.,  Baltimore,  Md. 
Flynn,   Harry   Franklin.     Junior   Engr.,  U.   S.   Engr.   Dept.,   U.   S.   Engr. 

Office,  Philadelphia,  Pa. 
Fogg,  Percival  Morris.     4001  West  35th  Ave.,  Denver,  Colo. 
Fox,    Charles    Louis.     Asst.    Supt.,    Pennsylvania    Water    Co.,    712    South 

Ave.,  Wilkinsburg,  Pa. 
FuLWEiLER,  Walter  Herbert.     With  Dept.  of  Tests,  United  Gas  Impvt.  Co. 

of  Philadelphia,  Wallingford,  Pa. 
Galvin,   James   Augustine.     Registered   Archt.,   28   Van   Derwerken    Ave.. 

Cohoes,  N.  Y. 
Gerwick,   Ben   Clifford.     Res.    Engr.,    California   Highway    Comm.,   Grand 

View,  Cal. 
GoLDBECK,  Albert  Theodore.     Engr.  of  Tests.,  U.  S.  Office  of  Public  Rds. 

and  Rural   Eng.,  Washington,   D.  C. 
Green,  Frederick  William.     Asst.  to  First  Vice-Pres.,  St.  L.  S.  W.  Ry., 

1704  Ry.  Exchange,  St.  Louis,  Mo. 
Greene,   Russell   de   Costa.     Care,   Am.    Cyanamid    Co.,    200    Fifth   Ave., 

New  York  City. 
Halsema,    Eusebius    Julius.     Care,    Bureau    of    Public    Works,    Manila, 

Philippine  Islands. 
Hamilton,  John   Andrew.     Constr.   Engr.,  Am.   Water-Works  &   Elec.   Co., 

50  Broad  St.,  New  York  City. 
Hamilton,  William  Edward.     Care,  Anniston  Steel  Co.,  Anniston,  Ala. 
Hardman,  Roy  Cordis.     Box  455,  Balboa  Heights,  Canal  Zone,  Panama. 
Harley,  George  Foster.     Sparta,  Ga. 
Heerlein,  Robert  William.     Contr.  Engr.,   Massillon  Bridge  &  Structural 

Co.,  Massillon,  Ohio. 
Hii  LMAN,   George   Waldo.     AVith    Ford,   Bacon   &    Davis,   4927    Perrier   St., 

New  Orleans.  La. 
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Hood,   Joseph    Nelson.     Care,   The    Foundation    Co.,    Ltd.,    Port    Colborne, 

Ont.,  Canada. 
Howe,  Herbert  Frank.     100  Payson  Rd.,  Belmont,  Mass. 
Hughes,  George  Leyburn.     Supt..  Constr.  Dept.,  U.  S.  Fidelity  &  Guaranty 

Co.,  908  Illuminating  BIdg.,  Cleveland,  Ohio. 
Jacoby,   Hurlbut   Smith.     Asst.    Chf.    Engr.,    Samuel   Austin    &    Son   Co., 

1825  Mannering  E,d.,  Cleveland,  Ohio. 
James,  Cleveland  Abbe.     Cons.  Engr.,  920  Fidelity  Bldg.,  Buffalo,  N.  Y. 
Jennings,   Percy  John.     Capt.;    Adjutant,    5th   Pioneers   Canadians    (late 

4th  Pioneers),  Care,  Army  Post  Office,  London,  England. 
KiBBEY,  Egerton  Wales.     305  Plymouth  Bldg.,  Minneapolis,  Minn. 
Kingman,  Edward  Dyer.     706  Sheridan  Rd.,  Chicago,  111. 
KiRKPATRiCK,  Ralph  Zenas.     Structural  Steel  Draftsman,  Bureau  of  Yards 

and  Docks,  Navy  Bldg.,  Washington,  D.   C. 
Langley,  John  Edward.     Supt.  of  Constr.,  Treasury  Dept.,  P.  0.  Extension, 

Huntington,  W.  Va. 
Lee,  John  Louis.     Valuation  Engr.,  Sierra  Ry.,  Jamestown,  Cal. 
Lehfelt,  Walt  Ferd.     532  East  5th  St.,  Los  Angeles,  Cal. 
McDonald,  Harry  L.     Asst.  Topographer,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C. 
McNiece,  Charles  Rex.     Engr.,  The  William  Dall  Co.,  1510  Marlowe  Ave., 

Lakewood,  Ohio. 
Marsh,  Charles  Reed.     Eng.  Asst.  to  Municipal  Archt.,  District  of  Columbia, 

104  District  Bldg.,  Washington,  D.  C. 
Miller,    Daniel    Chambers.     Civ.    and    Hydr.    Engr.,    426    South    Hudson 

Ave.,  Pasadena,  Cal. 
Nabstedt,  Arthur  Theodore.     138  West  Rock  Ave.,  New  Haven,  Conn. 
Palmer,    Wallace    Cromwell    Allen.     C  are.    Bureau    of    Public    Works, 

Manila,  Philippine  Islands. 
Park,  James  Caldwell.     Care,  Standard  Oil  Co.  of  California,  Richmond, 

Cal. 
Parker,  James  Lafayette.     24  West  75th  St.,  New  York  City. 
Pauls,  Arthur  Leonard.     Irrig.  Engr.,  Gen.  Land  Office,  418  Arthur  St., 

Caldwell,  Idaho. 
Philbeook,  Lee  Elmo.     1535  East  65th  St.,  Chicago,  111. 
PoE,  Harry  Tinker,  Jr.     339  Lewis  St.,  Memphis,  Tenn. 
Price,  Joseph.     Asst.  Supt.,  U.  S.  Lighthouse  Service,  120  West  11th  St., 

New  York  City. 
Ramsey,    Williaji    Everton,      (Ramsey    Eng.    Co.),    6605    Harvard    Ave., 

Chicago,  111. 
Rathjens,  George  William.     Vice-Pres.,  Twin  City  Brick  Co.,  St.  Francis 

Hotel,  St.  Paul,  Minn. 
Remsen,  Thomas  Richard.     283  Jefferson  Ave.,  Brooklyn,  N.  Y. 
Reussner,   George  Henry.     Care,  Master  Mechanic,   Lehigh   Plant,   Bethle- 
hem Steel  Co.  (Res.,  440  Cherokee  St.),  South  Bethlehem,  Pa. 
Sackett,  Arthur  Johnson.     Engr.,   Mason   &   Hanger   Co.,   52   Vanderbilt 

Ave.,   New  York   City. 


December.  1!H 6. 1    MEMBERSHIP — CHANGES   OF    ADDRESS  781 

ASSOCIATE  MKMiitKS    (Vontiyiiied) 
Sawyer,  Eknest  Walker.     54  Radnor  Rd.,  Harrow,  London,  England. 
Scrimshaw,   James    Frederick.     Vice-Pres.,    Salmond   Bros.    Co.,    526    Elm 

St.    (Res.,  837  Kearny  Ave.),  Arlington,  N.  J. 
ScuDDER,  Samuel  Osborne.     Cataldo,  Idaho. 

Sherman,  John  Rockwood.     Care,  Braden  Copper  Co.,  Rancagua,  Chili. 
Smoyer,   Lloyd   Isadoke.     Care,    Carrere   &   Hastings,    52   Vanderbilt   Ave,, 

New  York   City. 
Stone,  George  Carter.     With  Loekwood,  Greene  &  Co.,  Hurt,  Va. 
Taylor,  Alexander  Jenifer.     Civ.  Engr.,  E.  I.  du  Pont  de  Nemours  &  Co., 

60  Aberdeen  PI.,  Woodbury,  N.  J. 
Thayer,    Benjamin    Single.     Dam    Foreman,    Tallassee    Power    Co.,    Alcoa, 

Tenn. 
Tyler,  Richard  Gaines.     Adjunct  Prof,  of  Highway  and  San.  Eng.,  Univ. 

of  Texas,  University  Station,  Austin,  Tex. 
Va.xdemoer,  Nicholas  Corneilius.     1113   East   13th  Ave.,  Denver,  Colo, 
Warren,  Horace  Prettyman.     Care,  Alaskan  Eng.  Comm.,  Seattle,  Wash, 
Weaver,  Charles  Joseph.     Asst.  Engr.,  N.  Y.  C.  R.  R.,  Ravena,  N.  Y. 
Weeks,   Harry   Arthur.     Asst.   Engr.,   New    York    State   Highway    Comm,, 

49  Chestnut  St.,  Albany,  N.  Y. 
Weiss,  Herman   Otto.     Valuation   Insp.,   Equipment  Div.,   N.   Y.   C,   Lines, 

Room   17,  Monongahela  House,  Pittsburgh,   Pa, 
Wilson,  Harry  Percival.     968  Brush  St.,  Detroit,  Mich, 
Wood,  Benjamin  Russell.     U.  S.  Asst.  Engr.,  Care,  The  Board  of  Engrs., 

Army  BIdg.,  New  York  City. 

associates 
Belzner,  Theodore.     Insp.  of  Steel  and  Bridge  Insp.  of  Maintenance,  Queens- 

boro  Bridge,  Dept.  of  Plant  and  Structures,  305  East  60th  St.    (Res,, 

586  West  178th  St.),  New  York  City. 
Colby,     Safford     Kinkead.     Asst,     Gen.     Sales-    Mgr.,     Aluminum     Co.     of 

America,   120  Broadway,  New  York  City. 
Johnson,  Arthur  Augustine.     14  Wilson  Ave.,  Flushing,  N.  Y, 
Rowntkee,  Bernard.     The  Rowans,  Oradell,  N.  J. 

JUNIORS 

Baker,  Albert  Asa.     Civ.  Engr.,  U.  S.  N.,  Navy  Yard,  Norfolk,  Va. 

BoLiN,  Harry  William.  Draftsman,  H.  J.  Brunnier,  312  Sharon  Bldg., 
San    Francisco,    Cal. 

Carey,  Matthew  Laurence.     44  North  Allen  St.,  Albany,  N.  Y. 

Collier,  Ira  Leonard.  Asst.,  Dept.  of  Civ.  Eng.,  Univ.  of  Idaho,  Moscow, 
Idaho, 

de  Charms,  Richard,  Jr.  Structural  Draftsman,  B,  &  M.  R.  R.,  373  Broad- 
way, Cambridge,  Mass. 

Fischer,  Charles,  Jr.  Junior  Engr.,  Public  Service  Comm.,  First  Dist., 
720  West   181st  St.,  New  York  City. 

Hart,  Linton.  Dist.  Mgr.,  Raymond  Concrete  Pile  Co.,  316  Exchange  Bldg,, 
Boston,  Mass. 

Hazen,  Ralph  William.     85  Glenwood  Ave.,  Edgewater,  N.  J, 
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JUNIORS    (Cofitinued) 
Hersey,  Theodore  Schuyler.     Engr.,  Tests  and   Inspections,   Pacific   Coast 

Steel   Co.,  San   Francisco    (Res.,  536   South   D  St.,  San  Mateo),  Cal. 
HiGGiNs,   Thomas   Carol.     Care,    Cumberland   County    Power   &   Light   Co., 

Portland,  Me. 
HoLROYD,  George  McIntyre.     43  Hayes  St.,  Norwich,  N.  Y. 
Johnson,    Francis   Whittier.     Designing  Engr.,   Ambursen   Hydr.   Constr. 

Co.  of  Canada,  Ltd.,  822  New  Birks  Bldg.,  Montreal,  Que.,  Canada. 
Kable,  George  Wallace.     Agricultural  Engr.,  3135  T  St.,  Lincoln,  Nebr. 
McMuLLEN,  Ray  Webb.     50  Vanderbilt  Ave.,  New  York  City. 
Magor,    Stuart    Fabian.     Supt..    Brasher-Burns    Co.,    722    Bixel    St.,    Los 

Angeles,  Cal. 
Marrian,  Ralph  Richardson.     Draftsman,  Grade  Crossing  Dept.,  N.  Y.  C. 

R.  R.;  Res.,  25  Tibbitts  Ave.,  White  Plains,  N.  Y. 
Neuman,  David  Leonard.     Junior  Engr.,  Public  Service  Comm.   (Res.,  4210 

Broadway),  New  York  City. 
Peek,  Jesse  Hope.     Care,  Bethlehem  Steel  Bridge  Corporation,  South  Beth- 
lehem, Pa. 
Searight,  George  Peter.     With  The  Foundation  Co.,  Ltd.,  173  St.  James  St., 

North,  Hamilton,  Ont.,  Canada    (Res.,  Carlisle,  Pa.). 
Seib,  Charles  Bach.     Maintenance  Engr.,  New  York  State  Highway  Coram., 

280  Wall  St.    (Res.,  41   Lafayette  Ave.),  Kingston,  N.  Y. 
Stauffer,  Isaac  Yost.     Care,  Standard  Oil  Co.  of  New  York,  Penang,  Straits 

Settlements. 


DEATHS 

CuNTZ,    William    Cooper.     Elected   Associate,    September    6th,    1910;    died 

November  2d,   1916. 
Ellis,  John   Waldo.     Elected  Member,  July  3d,    1895;    died  October  29th, 

1916. 
IIOAG,    Sidney   Willett,    Jr.     Elected   Member,    September   2d,    1885;    died 

November   1st,   1916. 
Jaques,  William  Henry.     Elected  Member,  July  2d,   1890;   date  of  death 

unknown. 
Katigbak,    Jose    Petronio.     Elected    Associate    Member,    April    1st,    1914; 

died  May  16th,  1916. 
Rathmann,  Louis  Henry.     Elected  Member,  May  2d,  1911;   died  November 

17th,   1916. 
Ross,    Charles    Wilson.     Elected    Associate,    February    28th,    1911;     died 

April  nth,  1916. 
Roy,    Robert    Maitland.     Elected    Associate    Member,    October    3d,    1900; 

Member,  March   5th,   1907;    died  June  27th,    1916. 
Sinclair,     Frank    Oscar.     Elected    Member,    November     6th,     1901;     died 

November    15th,    1916. 


Total  Membership  of  the  Society,  December  jth,  1916, 
8  200. 
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MONTHLY  LIST  OF  RECENT  ENGINEERING  ARTICLES  OF 

INTEREST 

(November   2d  to   December   2d,   1916) 

Note. — 77m  list  is  published  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OP  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(2 
(3 
(4 
(5 
(6 

(7 

(8 

(9 

(II 

(12 

(13 

(14 

(15 

(16 

(17 

(18 
(19 

(20 
(21 

(22 

(23 

(24 

(25 

(26 

(27 

(28 

(29 


■  Proceedings,  Engrs.  Club  of  Phila., 
Philadelphia,  Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia, Pa.,  50c. 

Journal,  Western  Soc.  of  EJngrs., 
Chicago,  111.,  50c. 

Transactions,  Can.  Soc.  C.  E., 
Montreal,  Que.,  Canada. 

School  of  Mines  Quarterly,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Oesundheits  Ingenieur,  Mtinchen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
boken,  N.  J.,  50c. 

Engineering  Magazine,  New  York 
City,  25c. 

Engineering  (London), W.  H.  Wiley, 
432  Fourth  Ave.,  New  York  City, 
25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,  35c. 

Engineering  News,  New  York  City, 
i5c. 

Engineering  Record,  New  York 
City,  15c. 

Railway  Age  Gazette,  New  York 
City,  15c. 

Engineering  and  Mining  Journal. 
New  York  City,  15c. 

Electric  Railway  Journal,  New 
York  City,  10c. 

Railway  Review,  Chicago,   111.,   15c. 

ScientijUc  American  Supplement,  New 
York  City,  10c. 

Iron  Age,  New  York  City,  20c. 

Raihray  Engineer,  London,  Eng- 
land, Is.  2d. 

Iron  and  Coal  Trades  Review,  Lon- 
don,  England,  6d. 

Raihvny  Gazette,  London,  England, 
6d. 

American  Gas  Light  Journal,  New 
York  City,  10c. 

Railway  Mechanical  Engineer,  New 
York  City,  20c. 

Electrical  Review,  London,  Eng- 
land, 4d. 

Electrical  World,  New  York  City, 
10c. 

Journal,  New  England  Water- Works 
Assoc,  Boston,  Mass.,  $1. 

Journal,  Royal  Society  of  Arts, 
London,   England,    6d. 


Annales  des  Travaux  Publics  de 
Belgique,  Brussels,  Belgium,  4  fr. 

Annales  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Bruf?sels,   Belgium,   4  fr. 

Mimoires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de  France, 
Paris,  France. 

Le  Genie  Civil,  Paris,  France,  1  fr. 

Portefeuille  Economiques  des  Ma- 
chines, Paris,  France. 

Nouvelles  Annales  de  la.  Construc- 
tion, Paris,   France. 

Cornell  Civil  Engineer,  Ithaca.  N.  Y. 

Revue  de  Mecanique,  Paris,  France. 

Revue  G^nerale  des  Chemins  de 
Fer  et  des  Tramways,  Paris, 
France. 

Technisches  Gemeindeblatt,  Berlin, 
Germany,  0,  70m. 

Zentralblatt  der  Bauverwaltuna . 
Berlin,   Germany,   60'  pfg. 

Electrotechnische  Zeitschrift,  Ber- 
lin,  Germany. 

Proceedings,  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

Annales  des  Ponts  et  Chauss6e8, 
Paris,   France. 

Journal,  Military  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,  50c. 

Coal  Age,  New  York  City,  10c. 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,   3d. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,  Berlin,  Germany,  1, 
60m. 

Zeitschrift  fUr  Bauwesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  DUsseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie-Zeitung,  Riga, 
Russia,  25  kop. 

Zeitschrift,  Oesterreichlscher  In- 
genieur  und  Architekten  Verein, 
Vienna,  Austria,  70h. 

Transactions,  Am.  Soc.  C.  E.,  New 
York  City,  $12. 

Transactions,  Am.  Soc.  M.  E.,  New 
York  City,  $10. 
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(56)  Transactions,  Am.  Inst.  Min.  Engrs., 

New  York  City,  $6. 

(57)  Colliery     Guardian,      London,     Eng- 

land, 5d. 

(58)  Proceedinqs,    Engrs.'    Soc.    W.    Pa., 

2511     Oliver     Bldg.,     Pittsburgh, 
Pa.,  50c. 

(59)  Proceedings,  American  Water-Works 

Assoc,   Troy,   N.   Y. 

(60)  Municipal  Engineering ,  Indianapolis, 

Ind.,   25c. 

(61)  Proceedinqs.  Western  Railway  Club, 

225    Dearborn    St.,    Chicago,    111., 
25c. 

(62)  Steel  and  Iron,  Thaw   Bldg.,   Pitts- 

burgh,  Pa.,   10c. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,   England. 

(64)  Power,  New  York  City,  5c. 

(65)  Official  Proceedinqs,  New  York  Rail- 

road  Club,    Brooklyn,   N.  Y.,    15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,   6d. 
(67)'  Cement     and     Engineering     News, 
Chicago,  111.,  25c. 

(68)  Minitig    Jotirnal,    London,    England, 

ed. 

(69)  Der  Eisenbau,  Leipzig,  Germany. 

(71)  Journal,   Iron   and   Steel   Inst.,   Lon- 

don,  England. 
(71o)    Carnegie      Scholarship      Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  Ame7icaji     Machinist,     New     York 

City,   15c. 

(73)  Electrician,    London,    England,    J.8c. 

(74)  Transactions,      Inst,     of     Min.     and 

Metal.,  London,  England. 

(75)  Proceedings.   Inst,   of   Mech.   Engrs., 

London,  England. 

(76)  Brick,   Chicago,   111.,   20c. 

(77)  Journal,     Inst.    Elec.    Engrs.,     Lon- 

don, England,  5s. 

(78)  Beton    und   Eisen,   Vienna,    Austria, 

•1,   50m. 

(79)  Forscherarbeiten,    Vienna,     Austria. 

(80)  Tonindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fUr  Architektur  und   In- 

genieurwesen,      Wiesbaden,      Ger- 
many. 

(82)  Mining     and     Engineering     World, 

Chicago.   III..  10c. 

(83)  Gas  Age,  New  York  City,  15c. 

(84)  Le  Ciment,  Paris,  France. 

(85)  Proceedings,    Am.    Ry.    Eng.    Assoc, 

Chicago,    111. 

(86)  Engineering-Contractina.       Chicago, 

111.,  10c. 

(87)  Railicay       Maintenance       Engineer, 

Chicago,    111.,    10c. 


(88)  Bulletin   of    the    International    Ry. 

Congress    Assoc,     Brussels,     Bel- 
glum. 

(89)  Proceedings,   Am.    Soc.   for  Testing 

Materials,   Philadelphia,  Pa.,  $5. 

(90)  Transactions,       Inst.       of       Naval 

Archts.,    London,   England. 

(91)  Transactions,    Soc.    Naval    Archts. 

and     Marine    Engrs.,     New    York 
City. 

(92)  Bulletin,      Soc.      d'Encouragement 

pour  rindustrle  Nationale,  Paris, 
France. 

(93)  Revue  •   de       Metallurgie,       Paris, 

France,  4  fr.  50. 

(95)  International   Marine   Engineering. 

New  York  City,   20c. 

(96)  Canadian  Engineer,   Toronto,   Ont., 

Canada,   10c. 

(98)  Journal,   Engrs.    Soc.    Pa.,   Harris- 

burg.   Pa.,   30c. 

(99)  Proceedings,  Am.  Soc.  of  Municipal 

Improvements,  New  York  City,  $2. 

(100)  Professional     Memoirs,     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.  C,  50c. 

(101)  Metal  Worker,  New  York  City,  10c. 

(102)  Organ     filr     die    Fortschritte    des 

Eisenbahnwesens,  Wiesbaden,  Ger- 
many. ^ 

(103)  Milling    and   Scientific   Press,    San 

Francisco.   Cal.,   lOe. 

(104)  The   Surveyor    and   Municipal    and 

County    Engineer,    London,    Eng- 
land. 6d. 

(105)  Metallurgical     and    Chemical    En- 

gineering, New  York  City,  25c. 

(106)  transactions,  Inst,  of  Min.  Engrs., 

London,  England,  6s. 

(107)  Schvieizerische  Bauzeitung,  Ziirich, 

Switzerland. 

(108)  Iron  Tradesman,  Atlanta,  Ga.,  10c. 

(109)  Journal,  Boston  Soc.  C.  E.,  Boston, 

Mass.,  50c. 

(110)  Journal,  Am.   Concrete  Inst.,  Phil- 

adelphia.  Pa.,   50c 

(111)  Journal  of  Electricity ,  Power  and 

Gas,  San  Francisco,  Cal.,  25c. 

(112)  Internationale        Zeitschrift        fiir 

Wasser-Versorgung,  Leipzig,  Ger- 
many. 

(113)  Proceedinqs.  Am.  Wood  Preservers' 

Assoc,    Baltimore,    Md. 
CI  14)   Journal,    Institution    of    Municipal 
and    County    Engineers,    London, 
England.  Is.  6d. 

(115)  Journal,  Engrs.'  Club  of  St.  Louis, 

St.  Louis,   Mo.,  35c. 

(116)  Blast     Furnace    and    Steel     Plant, 

Pittsburgh,   Pa.,   15c 


LIST  OF  ARTICLES 
Bridges. 

Erection   of  an   Arched   Bridge.*      Walter   Smith.      (Extract   from   paper   read   before 

the   Inter.    Ry.   Foremans'   Assoc.)       (21)      Sept. 
Concrete  Viaducts  on  the  Chicago,   Milwaukee  and  St.  Paul.*      (23)      Sept.  29. 
Ferro-Concrete   Bridges   in   the   Turch   Valley,    Glamorganshire.*      (104)      Oct.    27. 
Erection  of  the  South  Cantilever  Arm  of  the  New  Quebec  Bridge.*      (12)      Oct.  27. 
Design  of  Symmetrical  Hingeless  Concrete  Arches.*    Victor  H.  Cochrane.     (58)     Nov. 
The  Quebec  Bridge.*      (21)      Nov. 

Arch  Centers  Suspended  from  Old  Plate  Girders.*      (13)    Nov.  2;    (87)    Dec. 
The  Bloor-Street  Viaduct,  Toronto.*      (12)      Nov.  3. 


*  Illustrated. 
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Bridges— (Continued). 

Special  Protection  for  a  Drawbridge.*      (15)      Nov.  3. 

Jacking  Up  a  Viaduct  ;  Buckling  Columns  Give  Trouble.*  (13)  Nov.  9  ;  (14)  Nov.  4. 
Proposed  Motor-Truck  Loads  for  Highway  Bridges.*  O.  W.  Childs.  (13)  Nov.  9. 
Construction    of    Two    Concrete    Arch    Bridges    at    Rosalia,    Wash.*      J.    F.    Pinson. 

(Abstract    from    paper    read    before  the   Am.    Ry.    Bridge    and    Building    Assoc.) 

(18)      Nov.  11. 
Novel   Method  of  Erection   Adopted  In  Raising  Longest  Highway  Arch  Span.*      (14) 

Nov.  11. 
Erection  Methods.  Bloor-Street  Viaduct,  Toronto.*      J.  Gordon  Jack.      (96)      Nov.  16. 
Quebec  Bridge  Disaster.*       (96)      Nov.  16. 
Viaduct   170    Ft.    High   Erected   Without   Falsework   by   Special   Steel    Struts.*      (14) 

Nov.   18. 
I-Beara  and  Concrete  Highway  Bridges  In  Adams  County,  Indiana.*    (86)      Nov.  22. 
A  4  700-Ft.  Concrete  Bridge.*      (86)      Nov.  22. 
Concreting  Plant  for  Construction  of  Rosalia,  Wash.,  Bridges  of  C,  M.  &  St.  P.  Ry.* 

(86)      Nov.   22. 
A  160-Ft.  Wide  Bridge  and  Some  Notes  on  the  Construction  Plant.*      (86)      Nov.  22. 
Slab-Deck  Concrete  Railway  Bridge  Over  Highway      (13)      Nov.  23. 
New  Bridge  at  Kiskiminetas  Junction,  Pa.      (15)      Nov.  21. 
Bascule  Bridge  for  Highway  Service  in  California.*      (14)      Nov.  2.5. 
Asbestos  Sheathing  Protects  Steel  Overhead  Bridge.*      (14)      Nov.  25. 
Maintenance  Painting  of  Bridges.*      W.  S.  Lacher.      (Paper  read  before  Maintenance 

of  Way  Master  Painters'  Assoc.)       (87)      Dec. 
Discuss    Illinois    Bridge    Specifications.      (From    Report    to    Chicago    Assoc,    of    Com- 
merce.)      (14)      Dec.  2. 
Grade  Crossing  Is  Eliminated  by  Special  Construction  Methods  to  Maintain  Traffic* 

(14)      Dec.  2. 
Difficult  Problems  Solved   in   Placing  New  Members  and   Larger  Pins  in  Drawspan.* 

(14)      Dec.  2. 
Note  sur  la  Resturation  du  Pont  de  Trilport.*      Wender.      (43)      Mar.-Apr. 
Fonts  a  Arcades,  Systfeme  Vierendeel  :  Nouvelle  Methode  de  Calcul  Approch6.*      (33) 

Oct.  21. 
Angenaherte  Berechnung  einer  Eingespannten  Eisenbetonbriicke.*      H.  Pilgrim.      (78) 

Oct.  3. 
Der  Montagenfall  beim  Bau  der  St.  Lawrence-Briicke  bei  Quebec,   am   11   September 

1916.*      (107)      Nov.  4. 

Electrical. 

Balancers  on  Three-Wire  System.*      H.  M.   Phillips.      (64)      Oct.  3. 

Central   Station  for  Power  in  Steel  Mills.      (Abstract  of  paper  read  before  Assoc,  of 

Iron  and  Steel  Electrical  Engrs.)       (64)      Oct.  3. 
Two-Speed  Alternating-Current  Elevator  Motors.*      (64)      Oct.  10. 
Expansion  Joints  in  Electric  Cables.*      (23)      Oct.  13. 
Synchronous   Converters.*      F.    A.    Annett   and   Gordon   Fox.      (64)      Serial   beginning 

Oct.  17. 
New  Type  of  Choke  Coll.*      (64)      Oct.  17. 
On     an     Unbroken     Alternating     Current     for     Cable     Telegraphy,      G.     O.     Squier. 

(Abstract  from  paper  read  before  the  Physical  Soc.  of  London.)       (73)      Oct.  20. 
Economy  of  Electricity  in  Small  Households.      W.  B.  Smith.      (Abstract  of  paper  read 

before  Greenock    Electrical   Soc.)       (73)      Oct.    20. 
A   New  Marconi   0.25   K.   W.   Installation.*      (73)      Oct.   20. 
New  Fremont,  Ohio,  Power  Plant.*      Warren  O.  Rogers.      (64)      Oct.  24. 
Possibilities    of    Stage    Lighting.*      Bassett    Jones.      (Abstract    of    paper    read    before 

Illuminating   Eng.   Snc.)       (73)      Oct.   27. 
Industrial    Lighting  by   Electricity.      Frederick   H.   Taylor.      (Paper   read   before   the- 

Junior  Inst,  of  Engrs.)       (47)      Oct.   27;    (26)    Oct.  27. 
Protection    of    Electrical    Installations    Against    Surges.*      (Abstract   of    Report   from 

Bulletin  No.  6  of  the  Schweizer.  Elektrotechc.   Verein.)       (73)      Oct.   27. 
Use    of    Ionised    Air    in    Agriculture.*      Ingvar    Jorgensen.      (26)      Serial    beginnings 

Oct.   27. 
Rational    Temperature    Guarantees    for    Large    A.-C.    Generators.*      F.    D.    Newbury. 

(42)      Nov. 
Cost  vs.  Upkeep  of  Direct-Current  Motors.      A.  M.  MacCutcheon.      (116)      Nov. 
Temperature    Distributions    in    Electrical    Machinery.*      B.    G.    Lamme.      (42)      Nov. 
Progress   of   Economic    Power   Generation    and    Distribution.*      Samuel    Insull.      (55) 

Nov. 
Quantitative   Measurements   at   Washington   on   the   Signals   from   the   German    Radio 

Stations  at  Nauen  and  Eilvese.*      L.  W.   Austin.      (3)      Nov. 
British  We.stinghouse  Rotary  Converters.*      (73)      Nov.  3. 
End-Rings.*      R.   Roberts.      (73)      Nov.   3. 
Electricity    Supersedes    Steam    for    Heating    Shoe    Machinery    in    Brockton     (Mass.) 

Factory.*      (27)      Nov.  4. 
Heat  Energy   and  Electricity.      E.   A.   Wilcox.      (Ill)      Nov.   4. 

♦  Illustrated. 
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New   Invention  for  Measuring  Currents  in  Cables.*      C.   B.  Merrick.      (Ill)      Nov.  4. 
Duplexing  in  the  Siiuier  System  of  Telegraphy.*      Louis  Cohen.      (73)      Nov.  10. 
Tests  to  Determine  Heating  of  Underground  Cables.*      Henry  A.   Cozzens,  Jr.      (27) 

Nov.    11. 
Standard    Electrical    Specifications.      H.    Conger    Bowers.      (Ill)    Nov.    11. 
New  Steam  Generating  Station  for  Cincinnati.      (27)      Nov.  11. 
Electric    Power   Transmission    in   Logging.      Allen    E.    Ransom.      (Ill)      Nov.    11. 
Developments    in    Meter    Testing    Methods    and    Apparatus.*      Otto    A.    Knopp.      (27) 

Nov.   11. 
Characteristics    of    Electric    Reversing    Mill.*      J.    E.    .Tefferies.      (Abstract   of    paper 

read  before  Assoc,  of  Iron  and  Steel  Elec.  Engrs.)       (?.7)      Nov.  11. 
Proper    Current    Densities.*      B.   B.    Hood.      (105)      Nov.    15. 
An    Analysis    of    Tank    Resistance    in     Electrolytic    Refining.*      Lawrence    Addicks. 

(105)      Nov.    15. 
Liquid    Rheostatic    Control    for    Large    Alternating    Current    Wound-Rotor    Motors.* 

(86)      Nov.  15. 
Direct  and   Indirect   Methods  of   Making   Nitric   Acid.      E.   Kilburn   Scott.      (Abstract 

of  lecture  delivered  at  University  College,  London.)       (73)      Nov.   17. 
An  Apparatus  for  the  Commercial  Testing  of  Permanent  Magnets.*      G.  B.  Betteridge. 

(73)      Nov.  17. 
Protecting  Manhole  Cables  Against  Explosions  of  Those  Adjacent.      Albert  F.  Honey. 

(27)      Nov.    18. 
Losses    in    Cables    Armored    with   Steel    Tape.*      W.    I.    Middleton    and    E.   W.    Davis. 

(27)      Nov.  18. 
Construction    and    Layout    of     High-Tension     Equipment.*      M.    M.     Samuels.      (27) 

Nov.  18. 
Theory  and  Operation  of  Split-Phase  Magnet.*      F.  Hymans.      (27)      Serial  beginning 

Nov.    18. 
Ventilation  of  Battery  Rooms.      M.  A.  Walker.      (64)      Nov.  21. 
Electric  Lighting  of  a  "Movie"  Studio.      W.  E.  Brewster.      (27)      Nov.  25. 
Installation   of   Electric    Heating   Apparatus.     E.    A.    Wilcox.      (Ill)      Nov.    25. 
Lighting  a  Small  Town.*      (Titusville,  Pa.)       (27)      Nov.  25. 
Shunt   Phase   Converter.*      W.    J.    Foster.      (64)      Nov.   28. 
Essex  Power  Station.*      (New  Jersey.)       (64)      Nov.  28. 
Motor-Operated  End-Cell   Switch.*      D.   P.   Orcutt.      (64)      Nov.   28. 
Induction  Voltage  Regulators.*      (64)      Nov.  28. 
Electrolytic    Hydrogen  :     A    Modern    Method    for    the    Technical    Production    of    aa 

Important  Gas.*      Harry  L.   Barnitz.      (19)      Dec.   2. 
Renseignements  Recueillis  au  Cours  d'un  Recent  Voyage  aux  Etats-Unis  sur  Quelques 

Applications   et   Tendancies   Nouvelles   dans   le   Domalne   de   la   Mecanique   et   de 

I'Electricite.      M.    K.    Sosnowski.      (32)      Apr.-.June. 

Marine. 

Twin-Screw  Motor-Ship  Ahelia.*      (11)      Serial   beginning  Oct.   20. 

Voltaic   Corrosion    and    Its    Prevention*    (Ship    metal).      Thomas    J.    Rogers.      (From 

International   Ma7-ine    Engineering.)       (47)      Oct.    20. 
Longitudinal  Stresses  of  Ships.*      Arthur  Liddell.      (12)      Oct.  20. 
Motor  Tank  Ship  Hamlet.*      (12)      Oct.  20. 
Large   Steel-Frame   Ship    Shed   Contains   Special   Trusses   Designed    for   Vertical    and 

Horizontal   Crane  Loading.*      (14)'      Nov.   4. 
Future    of    the    Marine    Oil    Engine.*      John    F.    Wentworth.      (From    International 

Marine  Engineering.)       (47)      Nov.   10. 
Our  Latest  Dreadnought,  the  Arizona.*      (46)      Nov.  25. 
Supplying  Water  to  River  and  Lake  Ships.*      (101)      Dec.  1. 

Mechanical. 

Mechanical  Coal  Stage,   Dairycoates,  Hull.*      (23)      Sept.  1. 

Commercial    Motor    Vehicles    for    Railway    and    Industrial    Purposes ;    Tilling-Stevens 

Petrol-Electric  Vehicles.*      (23)      Sept.   8. 
Use  of  Motor  Vehicles  in  Municipal  Works  ;  Mechanical  v.  Horse  Traction.     H.  Shaw. 

(104)      Serial  beginning  Sept.  15. 
Electric    v.     Horse    Haulage:     South    Shields    Statistics.      Leslie    Roseveare.      (104) 

Sept.  22. 
Boiler  Corrosion  by   Magnesium  Chloride.*      James  Scott.      (21)      Oct. 
Belt-Conveyor  Operating  Data.*      John  D.   Morgan.      (64)      Oct.   3. 
Largest   Boilers    for   Ford    Co.*      J.    P.    Badenhausen.      (64)      Oct.    3. 
Effect  of  Water  Upon  Carbon.     Glenn  Warren.      (64)      Oct.  3. 
Handling  Coal  and  Ashes  at  Grundy  Plant.*      Henry  J.  Edsall.      (64)      Oct.  3. 
Vibration  in  Steam  Turbines.      H.  A.  Fisher.      (64)      Oct.  3. 
Motor-Driven    Compressor   at   Britannia    Colliery.*      (22)      Oct.    6. 
Testing  Absorption   Plants.*      Julian   C.   Smallwood.      (64)      Oct.   10. 
Clinkering  of  Bituminous  Coal.*      F.  C.  Hurley.      (64)      Serial  beginning  Oct.  10. 

•  Illustrated. 
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Stoking  Small  Antliraeite  Coal.*      Warren  O.  Rogers.      (64)      Oct.   17. 
Mechanical   Design  of  Turbo-Generators.     William  Knight.      (64)      Oct.  17. 
Carburetion  with  Different  Grades  of  Fuel.*      E.  N.  Percy.      (64)      Oct.  17. 
Twenty   Years'    Progress    in    Die   Malcing   and   Using.*      Edward   Dean.      (72)      Serial 

beginning  Oct.   19. 
High    Pressure   .\ir-Compressors.*      Joseph    M.    Ford.      (Paper    read   before   Greenock 

Assoc,  of  Shipbuilders  and  Engrs.)       (II)      Serial  beginning  Oct.  20. 
Coke    Handling   Plant.     A.    B.    Walker.      (Abstract   of   paper    read   before   the    North 

of  England  Gas  Managers'  Assoc.)       (57)      Oct.  20. 
Reducing    Foundry    Costs    by    Analysis.*      R.    E.    Kennedy.      (Paper    read    before   the 

Am.  Foundrymen's  Assoc.)       (47)      Oct.   20. 
Gas  Burners  for  Industrial  Work.*      (12)      Oct.  20. 
Electricity   and   the   Economical   Use  of   Coal.      R.   A.    Chattock.      (Abstract  of   paper 

read  before  Birmingham  Assoc,  of  Mech.  Engrs.)  (12)  Oct.  20. 
Modern  Steam  Laundry  Machinery.*  (12)  Serial  beginning  Oct.  20. 
Pressure  Oil  Film  Lubricating.      H.  T.  Newbigin.      (Abstract  of  paper  read  before  the 

British  Assoc,   Section  G.)       (26)      Oct.  20. 
Tests  of  Lubricating  Oils.      J.  L.  Kauffman.      (Abstract  from  Journal,  Am.  Soc.  Naval 

Engrs.)       (47)      Oct.  20. 
Diversified  Service  for  Diesel  Engines.*      (64)      Oct.  24. 
Gas    Fire    Construction.      Harold    Hartley.      (From    paper    read    before    the    Scottish 

Junior   Gas   Assoc,   Eastern   Dist.)       (66)      Oct.    24. 
Heavy  Work  in  an  Hawaiian  Shop.*      (72)      Oct.  26. 
Manufacturing   a    Top    Plate   for   a   Typewriter.*     Frank   A.    Stanley.      (72)      Serial 

beginning  Oct.   26. 
A  Petrol   Scraper  Shovel.*      (12)      Oct.   27. 
Use  of   Titanium   in    Steel   Castings.      W.   A.   Janssen.      (Paper   read   before  the   Am. 

Foundrymen's  Assoc.)       (47)      Oct.  27. 
Use  of  Borings  in   Cupola  Operations.      James  A.  Murphy.      (Paper   read   before  the 

Am.  Foundrymen's  Assoc.)       (47)   Oct.  27;   (22)   Oct.  6. 
Centrifugal    Boiler    Feed    Pumps.*      Otto    Haentjens    and    Edward    F.    Barrett.      (64) 

Oct.    31. 
Selection  of  Electrical  Apparatus  for  Cranes.*        R.  H.   McLain   and   J.   A.   Jackson. 

(Abstract   from   General  Electric  Revieto.)      (73)      Oct.   27. 
Notes   on    Purification.*      W.    C.    Jones.      (Paper   read   before   the   Midland    Assoc,    of 

Gas  Engrs.  and  Mgrs.)       (66)      Oct.  31. 
Review  of  Some  Ammonia  Explosions.*      Charles  H.  Bromley.      (64)      Oct.  31. 
Some    Notes    on    Benzol    Recovery    and    Rectification.*      P.    D.    Walmsley    and    H.    A. 

Morfey.      (Paper     read     before     the     Inst,     of     Gas    Engrs.,     Manchester    Dist.) 

(66)      Oct.    31;    (22)      Nov.    10. 
Proposed    Code    of    Safety    Standards    for    Operation    of    Cranes.      (Abstract.)       (55) 

Nov. 
Liquid   Measuring  Pumps.      F.   J.   Schlink.      (Abstract   from   U.   S.   Bureau  of   Stand- 
ards  Technologic  Paper  No.   81.)       (3)      Nov. 
Use  of  Grinding  Wheels  in  the  Saw  Mill.*      C.  E.  Gillett.      (108)      Nov. 
Internal-Combustion   Motor  for  Traction   Engines.*      A.   A.    Potter   and   W.   A.    Buck. 

(Abstract.)       (55)      Nov. 
Water  for  Steam  Boilers — Its  Significance  and  Treatment.      Arthur  C.  Scott  and  J.  R. 

Bailey.      (Abstract.)       (55)      Nov. 
The    Proportioning    of    Surface    Condensers.      George    A.    Orrok.      (Abstract.)       (55) 

Nov. 
Utilization    of    Waste    Heat    for    Steam-Generating    Purposes.*      Arthur    D.     Pratt. 

(Abstract.)       (55)      Nov. 
More  Data  on  Test  of  Montreal  Centrifugal  Pump.      A.  Peterson.      (13)      Nov.  2. 
Machining  a  Gas-Motor  Crank  Case.*      Fred  F.  Bowen.      (72)      Nov.  2. 
Inverted  Drilling  of  Shell  Blanks.*      A.  F.  Menzies.      (72)      Nov.  2. 
American  Tests  on  Fish  Bolts.      (22)      Nov.   3. 
Tests    of    Williams    &    Robinson    Condensers.*      (73)    Nov.    3;     (26)     Nov.    3;     (12) 

Nov.    3. 
Friction    Clutches.      William    G.    Gass.      (Paper    read    before    Manchester    Assoc,    of 

Engrs.)       (47)      Nov.    3, 
Jigging  Conveyor  Underground  and  Methods  of  Working.*      W.  A.  Machin.      (Paper 

read  before  the  National  Assoc  of  Colliery  Mgrs.)       (22)      Nov.   3. 
How   to   Gate   and    Head    Steel    Castings    Properly.*      Ralph    D.    West.      (Abstract   of 

paper  read  before  Am.   Foundrymen's  Assoc.)       (47)      Nov.  3. 
Coal-Face  Conveyors  Employed  in  the  United  Kingdom.*      Sydney  F.  Walker.      (45) 

Serial  beginning  Nov.  4. 
Elquipping  Motor  Trucks  for  Central   Station   Service.*      (27)      Nov.  4. 
Oxy-Acetylene  Welding  Rapidly  Taking  Its   Place  in  Distribution  Work  as   a  Means 

by   Which   Many   Things   Hitherto   Considered   Impossible   can    be   Accomplished. 

Charles    Wilde.      (Abstract    from    paper    read    before    the    Am.    Gas    Institute.) 

(24)      Nov.   6. 
Industry  Needs  a  Flexible  Tubing  in  Which  it  Will  be  Safe  to  Allow  the  Gas  Pres- 
sure to  Remain   at  All  Times.*      (Abstract  of  paper  read  before  the  Am.   Gas 

Institute.)      (24)      Nov.   6. 

•  Illustrated. 
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Kiln  Arches.*      Earl  E.  Libmaii.  (76)      Nov.  7. 

Windsor  Street   Installation  of  Woodall-Duckhara  Vertical   Retorts.*      G.  C.   Pearson. 

(Paper  read  before  the  Midland  Junior  Gas  Assoc.)       (66)      Nov.  7. 
Gas  Analysis  Applied  to  Brick  Kilns.     P.  D.  Harger.      (76)      Nov.  7. 
Continuous  Drilling.*      W.  G.   Groocock.      (72)      Nov.  9. 

Construction  of  Machinery  for  Laundries.*      Frank  4-  Stanley.      (72)      Serial  begin- 
ning Nov.  9. 
Measuring  the  Flow  of  Compressed  Air.*      Thomas  G.  Estep.      (20)      Nov.  9. 
Determination    of    Foundry    Costs.      Clinton    H.    Scovell.      (Abstract    of    paper    read 

before   Am.    Foundrymen's   Assoc.)       (47)      Nov.    10. 
Electrically-Driven  Floating  Cranes.*      (73)      Nov.  10. 
Uniflow   Engines.*      W.   Trinks.      (Abstract  of  paper   read    before   the   Am.   Assoc,   of 

Iron  and   Steel   Electrical  Engrs.)       (47)      Nov.   10. 
Twin  Engineering  Works  of  the  Fiat  San  Giorgio  Company.*      (11)      Nov.  10. 
Electric  Vans  for  Laundry  Work.      (26)      Nov.  10. 
Aerial   Tramway  at   Niagara   Falls.*      (17)      Nov.   11. 
Machinery    for   Mitchell    Type   of    Rectangular    Coke   Oven.*      H.    V.    Schiefer.      (45) 

Nov.  11. 
Motor-Truck  Legislation  Advocated  in  Michigan.      (Extract  from  Report  to  Board  of 

County    Road    Commrs.)       (14)      Nov.    11. 
Centrifugal   versus   Reciprocating  Boiler  Feed   Pumps.*      M.   William   Bhrlich.      (27) 

Nov.  11. 
Overhauling  Turbine  Unit  and  Its  Auxiliaries.      (27)      Nov.  11. 
Ability  of  Artificial  Fibre  Mantle  to  Withstand  Shocks  After  Long  Period  in  Service 

Little  Less  Than  it  was  Originally.*      E.  L.  Knoedler.      (Abstract  of  paper  read 

before  Joint  Meeting  of  Illuminating  Eng.   Soc.   and  Am.  Electro-chemical   Soc.) 

(24)      Nov.  13  ;    (105)    Dec.  1. 
Considerable   Reliance   may   be   Placed   on    Cracking   Data    as   Furnishing   a    Correct 

Means    Valuating   Gas    Oils.*      R.    C.    Downing   and    E.    F.    Pohlman.      (Abstract 

from  paper  read  before  Am.  Gas  Institute.)  (24)  Nov.  13. 
Briquetting  Plant  at  the  Smethwick  Gas-Works.*  (66)  Nov.  14. 
Refractory  Materials.      (Discussion  at  Meeting  of  the  Faraday  Soc.)       (66)   Nov.  14; 

(47)   Serial  beginning  Nov.  16;    (22)   Nov.  10;   (57)   Nov.  10;   (11)   Nov.  10. 
Excess  Air  in  Fuel  Combustion.*      Morgan  B.  Smith.      (64)      Nov.  11. 
Town  Gas  as  a  Fuel  for  Furnaces.      E.  P.  Tandevin.      (Abstract  of  paper  read  before 

Midland  Junior  Gas  Assoc.)       (66)      Nov.   14. 
Compression  from  a  Mechanical  Point  of  View.*      F.  R.  Law.      (64)      Nov.  14. 
The  Brass  Foundry.      E.  A.   Barnes.      (Paper  read  before  the  Am.   Inst,   of  Metals.) 

(105)      Nov.   15. 
Apparatus  and  Operations  in  By-Product  Recovery.*      (83)      Nov.  15. 
Lubrication  of  Bearings.     William  Knight.      (72)      Nov.  16. 
Safety    Around   Coke   Ovens.      Kenneth    M.    Burr.      (Paper    read   before   the   National 

Safety   Council.)       (20)      Nov.   16. 
System  of  Special  Holders  with  Inserted  Cutters.*      Earl  L.  Liddell.      (72)      Nov.  16. 
Thermal     Reactions    of    Cast    Iron.*      Thomas    Turner.      (Paper    read    before    Am. 

Foundrymen's   Assoc.)       (47)      Nov.  17. 
Overhead  Expense  Items  for  Steam  Fitters.      (101)      Nov.   17. 
The  Flying  Service,  from  a  Medical  Point  of  View.     Hardy  U.  Wells.      (Abstract  of 

paper  from  Journal  of  Royal  Naval  Medical  Service.)       (19)      Nov.   18. 
Testing  of  Automobile  Motors.*      Ferdinand   Jehle.      (From  Sibley  Journal   of  Engi- 
neering.)      (19)      Nov.   18. 
Truck  with  Steel  Tires  Solves  Difficult  Haulage  Problem.*      (14)      Nov.   18. 
Draft  and  Its  Application  to  the  Steam  Boiler.      B.  A.  Uehling.      (64)      Nov.  21. 
Ford  Gas-Steam   Plant.*      Thomas  Wilson.      (64)      Nov.   21. 
Cast-iron  Pipe  Manufacture   in  the  South.*      Y.   A.   Dyer.      (20)      Nov.   23. 
Electric  Motor  in  the  Steel  Mill.*      H.  F.  Stratton.      (20)      Nov.  23. 
Manufacture  of  Punchings.*      C.  W.  Starker.      (72)      Nov.  23. 

Operations   on   Sugar   Machines    in    Honolulu.*      Frank   A.    Stanley.      (72)      Nov.    23. 
Analysis  of  Various  Types  of  Irrigation  Pumps.*      R.  H.   Gates.      (Ill)      Nov.  25. 
Concrete  Tipple  in  Ohio.*      William  G.  Burroughs.      (45)      Nov.  25. 
Surface    Combustion    Affords    Efficient    Means   of    Converting    Coal-Fired    Brick    Bake 

Ovens  to  Gas.*      Henry  L.  Read.      (24)      Nov.  27. 
Electric-Arc    Welding.*      (From    Report   to   Assoc,    of    Ry.    Electrical    Engrs.)       (64) 

Nov.  28. 
Electric  Ovens  in  an  Automobile  Plant.*      (20)      Nov.  30. 
An  Automatic  Notching  Die.*      Frank  A.  Stanley.      (72)      Nov.   30. 
Double-Helical  Gear  Cutter.*      (72)      Nov.  30. 
Screw  Machine   Equipment.*      Oskar  Kylin.      (20)      Nov.   30. 
Clinching  8-In.  Shells.*      H.  V.   Halght.      (72)      Nov.  30 
Commercial  Sampling  and  Analysis  of  Producer  Gas.*    Philip  W.  Swain.     (Abstract.) 

(55)      Dec. 
Analysis  of  Marine  Safety  Valves.*      E.   F.  Maas.      (Abstract.)      (55)      Dec. 
The  Talbot  Boiler.*      Paul  A.  Talbot.      (Abstract.)      (55)      Dec. 
Standardization  of  Machine  Tools.*      Carl  G.  Barth.      (Abstract.)       (55)      Dec. 

•  Illustrated. 
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Graphic  Methods  of  Analysis  in   the  Design   and  Operation  of  Steam  Power  Plants.* 

R.    J.   S.    Pigott.      (Abstract.)       (55)      Dec. 
Power    Plant    Effloienoy.*      Victor    J.    Azhe.      (Abstract.)       (55)      Dec. 
A   Gas   Producer   for   Bituminous  F^iel.*      O.   C.    Berry.      (Abstract.)       (55)      Dec. 
Determination  of  Light  Oils  in  Coal  Gas  and  Description  of  Still  for  Separating  the 

Light  Oils  from  the  Absorbing  Oil.*      D.  H.  Duvall.      (105)      Dec.   1. 
Note    a,   Propos   de   la   Communication   de   M.    S.    Perlsse :    Experiences   et   Etudes   de 

Charles    Weyher    les    Tourbillon    Aeriens    et    sur    I'Ether.      P.    Juppont.      (32) 

Apr. -June. 
Feuerungsaulagen  mit  kiinstlichem  Zug.*      (107)      Oct.  7. 

MeUillurKlcal. 

Ideal  Electrical  Furnace  for  the  Steel  Foundry.*      F.  J.  Ryan,  E.  E.  McKee,  and  W. 

D.    Walker.      (Abstract    of    paper    read    before    the    Am.    Foundrymen's    Assoc.) 

(22)      Oct.   6. 
Electric    Furnace    Practice    in    the    Manufacture    of    Steel    Castings.*      T.    S.    Quinn. 

(Abstract  of  paper  read  before  the  Am.   Foundrymen's  Assoc.)       (22)      Oct.   13. 
Late    Progress    in    Hot    Blast    Stove    Design.     Arthur    J.    Boynton.      (116)      Serial 

beginning  Nov. 
Pulverized    Coal    as    a    Metallurgical    Fuel.      James    Wheeler    Fuller.      (Paper    read 

before  the  Am.  Iron  and  Steel  Institute.)       (116)      Nov.;    (20)   Nov.  2. 
Duplexing    as    Practised    at    Lackawanna.*      George    B.    Waterhouse.      (Paper    read 

before  the  Am.  Iron  and  Steel  Institute.)       (116)      Nov. 
Design  of  Mills  for  Flat  Flanged  Beams.*      Fr.  Denk.      (116)      Serial  beginning  Nov. 
Saving  on  Slag  through  Efficient  Crushing.*      H.  V.  Schiefer.      (116)      Nov. 
Heat   Treatment  for^Special   Alloy   Steels.*      Robert   R.   Abbott.      (Paper   read   before 

the   Penn.   Section,    Soc.   of  Automobile   Engrs.)       (62)      Nov. 
Thermoelectric    Measurement    of    the    Critical     Ranges    of    Pure     Iron.     George    K. 

Burgess   and    H.    Scott.      (Abstract    from    U.    S.    Bureau    of    Standards   Scientific 

Paper   No.    296.)       (3)    Nov.;    (11)    Oct.    20. 
Chemical    and    Physical    Properties   of   Foundry    Irons.*      J.    A.    Johnson,    Jr.      (105) 

Serial  beginning  Nov.   1. 
Gronwall-Dixon  Electric  Melting  and   Refining  Furnace.*      John   A.   Cowley.      (Paper 

read  before  Am.  Foundrymen's  Assoc.)       (22)      Nov.  3;    (22)      Nov.  3. 
Electric    vs.    Converter    Steel.      Peter    Blackwood.      (Abstract    of    paper    read    before 

Am.  Foundrymen's  Assoc.)       (22)      Nov.  3. 
Flotation  Tests  on  an  Antimony  Gold  Ore.      Earl  R.  Pilgrim.      (16)      Nov.  4. 
Determining  Carbon  in  Steel  by  Combustion.*      Jacob  W.  Barbey.      (20)      Nov.  9. 
Influence    of    Copper    in    Corrosion    of    Steel    Sheets.      E.    A.    Richardson    and    L.    T. 

Richardson.      (Abstract    of    paper    read    before    the    Am.    Electrochemical    Soc.) 

(101)      Nov.   10. 
Alaska  Has  One   Up-to-Date  Flotation   Plant — the   Kennecott.      Henricus   J.    Stander. 

(82)      Nov.   11. 
Milling  and  Cyaniding  Costs  at  Grass  Valley  and  Nevada   City,   California,   In   1915. 

R.    E.    Tremoureux   and   F.   A.    Vestal.      (103)      Nov.    11. 
Importance  of  Efficient   Settling  of  Slime.*      Paul  W.   Avery.      (103)      Nov.    18. 
Advancements   and    Present   Status   of   Preferential   Flotation.      Henricus   J.    Stander. 

(82)      Nov.   18. 
Bisulphite  Process.*      (16)      Nov.  18. 

Nevada  Wonder  Mill.*      Arthur  C.   Daman.      (16)      Nov.   25. 
Flotation.      Henricus  J.  Stander.      (Paper  read  before  Am.   Mining  Congress.)       (82) 

Nov.    25. 
Strontium  Nitrate — A  New  Industry.*      Donal  F.  Irwin.      (103)      Nov.  25. 
Present  Status  of  the  Ore  Flotation  Process.      D.  A.  Lyon  and  O.  C.  Ralston.      (Paper 

read  before  Am.  Mining  Congress.)       (82)      Nov.  25. 
Winona  Copper-Leaching  Test  Plant.      (16)      Nov.   25. 
Electrolytic    Zinc    Dust.      Harry    J.    Morgan    and    Oliver    C.    Ralston.      (Paper    read 

before  Am.   Electrochemical   Soc.)       (103)      Nov.   25. 
Flotation    at    the    Calaveras    Copper — A    Simple    Flow-Sheet.*      Hallet    R.    Robblns. 

(103)      Nov.  25. 
Design    of    Acid-Resisting    Iron    Apparatus.*      Norman    Swindin.      (From    Chemical 

Trade  Journal  and  Chemical  Engineer.)       (105)      Dec.  1. 
Mechanical     Property    of     Certain     Magnetized     Bodies.*      E.     F.     Northrup.      (105) 

Dec.    1. 
On  the  Formation  of  Columnar  and  of  Free  Cry.stals  During  Solidification.*     Henry 

M.  Howe.      (405)      Dec.  1. 
Aarganische    und    schweizerische    Eisenproduktion    in    Vergangenheit    und    Zukunft.* 

A.    Trautweiler.      (Paper    presented    at    the    34th    meeting    of    the    G.    E.    P.    in 

Baden.)       (107)      Serial  beginning  Oct.  28. 

Military. 

Railway  Supply-Cities  for  Feeding  the   Firing  Line   in   France.*      (23)      Sept.   15. 

Two   Years   of   Submarine   Warfare.      (12)      Serial   beginning   Oct.    20. 

Submarine  Mine  Wharf  at  Fort  Armstrong,  T.  H.*      Charles  J.  Taylor.      (100)      Nov. 

•  Illustrated. 
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Military— (Continued). 

Torpedo  Screen  for  Ships  Under  Way.*      John   B.   Flowers.  (46)      Nov.   4. 

Engineers  for  the  OfBcers'  Reserve  Corps.      A.  H.  Babcoclt.  (103)      Nov.  18. 

When    Fulton   Suggested   Submarine   Warfare.*      (46)      Nov.  18. 

Plants     of     Remington     Arms     Co.*      Hugh     M.     Wharton.  (72)      Serial     beginning 

Nov.   23. 

Inspection   and   Tests  of   Lewis   Machine   Guns.*       (46)      Nov.  25. 

IVllnIng:. 

Some  Properties  of  Water  in  Coal.*  H.  C.  Porter  and  O.  C.  Ralston.  (Abstract 
from   Technical  Paper,  U.  S.   Bureau  of  Mines.)       (22)   Oct.  6;    (57)    Nov.  10. 

Electric  Signalling  in   Collieries.*       (22)      Oct.   13. 

Iron  Pyrites  and  the  Oxidation  of  Coal.  T.  J.  Drakeley.  (From  Journal  of  the 
Chemical  Soc.)       (57)      Oct.  20. 

Grinding   Stone   Dust  at  Caeran  Colliery.*      (22)      Oct.   20. 

Mine  Tar  Design.*  Marcus  L.  Hyde.  (From  Canadian  Mining  Institute  Bulletin.) 
(57)      Oct.  27. 

Extraction  of  Coal  by  Solvents.      F.  Fischer  and  W.  Glund.      (57)      Oct.  27. 

Triplicate  Sampling  of  Coal.*      W.  D.  Stuckenberg.      (64)      Oct.   31. 

New  Methods  for  Mining  Bituminous  Coal  as  Practiced  by  the  H.  C.  Frick  Coke 
Company.*      Patrick   Mullen.      (58)      Nov. 

Model  of  a  Remarkable  Gold  Dredge.*      (72)      Nov.  2. 

Effects  of  Oxygi^n  Deficiency  on  Small  Animals  and  on  Men.  George  A.  Burrell  and 
G.  G.  Oberfell.  (From  Technical  Paper  No.  122,  U.  S.  Bureau  of  Mines.)  (22) 
Nov.   3. 

Hydraulic  Packing  at  Ballarpur  Colliery,  Central  Provinces.*  R.  S.  Davies.  (From 
Transactions,  Mining  and  Geological   Inst,  of   India.)       (57)      Nov.  3. 

New  Belgian  Coal  Washer.*      (57)      Nov.  3. 

Coal  Mine  Dynamometer  Car.*      (45)      Nov.  4. 

Measuring  with  the  Steel  Tape  in  Mine  Surveying.*  Walter  Scott  Weeks.  (103) 
Nov.   4. 

Improved  Magnetic  Separator.*      August  F.  Jobke.      (16)      Nov.  4. 

Sinking   the   Wallenberg    Shaft.*      Lloyd   D.    Cooper.      (16)      Nov.    4. 

Coal  Dust  Experiments  in  the  Derne  Gallery.*      (From  Gliickauf.)       (57)      Nov.  10. 

Extra-Lateral    Right — Shall    it   be   Abolished?     William   E.    Colby.      (103)      Nov.   11. 

Estimating   Construction    Costs.      Frederick   W.   Fnote.      (16)      Nov.    11. 

Ore-Sampling  Conditions  in  the  West.*  T.  R.  Woodbrldge.  (Abstract  from  Tech- 
nical Paper  86  of  U.  S.  Bureau  of  Mines.)      (103)      Nov.  11. 

Old  Ohio  Mine  Without  Railroad  Connections.*  Wilbur  G.  Burroughs.  (45) 
Nov.    11. 

Britannia  Mine  and  Mill.*      T.  A.  Rickard.      (103)      Nov.  11. 

Reducing   Air-Drill   Repair  Costs.*      Frank   Ayer.      (16)      Nov.    11. 

Most   Powerful   Gold   Dredge  Afloat.*      Robert  Sibley.      (Ill)      Nov.   11. 

Comparative  Costs  of  Mine  Haulage  by  Horses  and  Compressed  Air.  (From  Com- 
pressed Air  Magazine.)       (86)      Nov.  15. 

Pithead  Baths  in   Some  Foreign   Collieries.*      .Tohn  Y.   Dunlop.      (101)      Nov.   17. 

G-E  Miners'  Lamp  Approved  by  the  U.  S.  Bureau  of  Mines.*      (82)      Nov.  18. 

Efficiency  with  New  Mine  Cars.*      Fred   M.   Heidelberg.      (16)      Nov.   18. 

Use  of  Signboards  and  Signals  in  Mines.  D.  J.  Parker  and  E.  Steidle.  (82> 
Nov.  18. 

Flat  Top   Coal-Washing  Plant.*      J.   G.   Hanlin.      (45)      Nov.   18. 

Salt-Wells  of  Tzuliutsing.     H.  K.  Richardson.      (19)      Nov.  18. 

Zinc  Mines  of  Tonkin    (China).      (16)      Nov.   18. 

The  Cost  of  Coal.  George  Otis  Smith  and  C.  E.  Lesher.  (Paper  read  before  the 
Am.  Mining  Congress.)       (105)      Dec.  1. 

Electric  Shovel  at  Granby  Mine,  Phoenix,  B.  C*      C.  M.  Campbell.      (16)      Dec.  2. 

Testing  Mine  Rescue  Apparatus.*  C.  E.  Pettibone.  (Abstract  of  paper  read  before 
National    Safety    Council.)       (16)      Dec.    2;    (45)    Nov.    25. 

Valuation  of  Bedded  Mineral  Land.      F.  A.   Guignon.      (16)      Dec.  2. 

Le  Charbon  et  le  Fer  en  Hoilande.      (33)      Nov.  4. 

La  Production  du  Tungsten   en  Europe.      {33)      Nov.    11. 

Miscellaneous. 

The  Checking  of  Estimates  and  Costs.      (23)      Serial  beginning  Sept.   1. 
Engineering  Society — Its   Past,   Present  and   Future  Activities.      Ernest   McCullough. 

(4)      Oct. 
The   Principle  of   Similitude   in    Engineering   Design.      T.    E.    Stanton.      (Paper    read 

before  Section  G  of  the  British  Assoc.)       (12)      Oct.  20. 
Deterioration  of  Leather  Used  in  Gas  Meters.      M.  C.  Lamb.      (From  Journal  of  Soc. 

of  Chemical   Industry.)       (66)      Oct.   24. 
Administration  :    Its    Principles    and    Their    Application.     Wm.    Hemphill    Bell.      (3) 

Nov. 
The  Ratio  of  the  Specific  Heats  and  the  Coefllcient  of  Viscosity  cf  Natural  Gas  from 

Typical   Fields.      Robert  F.   Earhart.      (Abstract.)       (55)      Nov. 

♦  Illustrated. 
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Miscellaneous— (Continued). 

Accurate   Appraisals   by   Short   Methods.      John   G.    Morre.      (Abstract.)       (55)      Nov. 
Productive  Capacity   a  Measure  of  Value  of  an  Industrial   Property.*      H.   L.   Gantt. 

(Abstract.)       (55)      Nov. 
The  Sales  Engineer  and  his  Relation  to  Production   and  Machine  Design.*     Arthur 

J.    Baker.      (55)      Nov. 
Continuous    Inventories:    Their    Preparation    and    Value.     Harry    E.    Carver.      (42) 

Nov. 
Effect   of   Recent   Decisions   on   the   Work  of   Inventory   and   Appraisal.      (42)      Nov. 
Public  Service  Regulation.     J.  L.  Schley.      (100)      Nov. 
Growth  and  Depreciation.*      Julian  Loebenstein.      (42)      Nov. 
Development  of  Our  Potash  Industry.      F.  M.  de  Beers.      (Paper  read  before  the  Am. 

Meat  Packers'  Assoc.)       (105)      Nov.  1. 
Cracking   of   Paraffin    Base   Oils  ;    Time    Factor   and    the   Temperature   Factor    Under 

Pressure.      Gustav  Egloff,  Thomas  Twomey,  and  Robert  J.  Moore.     (105)     Nov.  1. 
Population    Studies    by    Moore    Expectancy    Curve.*      George    Holmes    Moore.      (13) 

Nov.  2. 
Obsolescence  in  Appraisals  for  Rate  Making.      C.  C.  Harshman.      (13)      Nov.  2. 
Works    Organization.*      A.    D.    C.    Parsons,    Edwin    L.    Orde,    and    G.    H.    Tweddell. 

(Paper  read  before  the  North-east  Coast  Institution  of  Engrs.  and  Shipbuilders.) 

(47)      Serial  beginning  Oct.  27;    (73)   Nov.  3. 
Making  a  Cost  Profile.*      P.   L.  Mathews.      (45)      Nov.   4. 
Specifications  and   Standard  Definitions.*      H.   B.   Twyford.      (17)      Nov.  4. 
Is  Utility  Regulation  on  the  Right  Basis?     J.  D.  Galloway.      (14)      Nov.  4. 
Functional    versus    Geographical    Plan    of    Organization.*     T.    L.    Hinckley.      (96) 

Nov.  9. 
X-Ray  Spectrum  :  How  They  Are  Formed  and  Consequences  of  the  Present  Theory.* 

A.  W.  Hull.      (19)      Nov.  11. 
Process   of   the    Organic    Chemical    Industry    as   Used    In    the    Manufacture   of    Inter- 
mediate Products.*      A.  H.  Ney  and  D.  J.  Van  Marie.      (105)      Nov.  15. 
Principles  of  Industrial  Organization.*      H.  N.   Stronck.      (105)      Nov.   15. 
Guayule  and  Industrial  Preparedness.      Andrew  H.  King.      (105)      Nov.  15. 
Electric  vs.  Steam  Logging.*     W.  D.  Peaslee.      (Paper  read  before  the  Pacific  Coast 

Logging  Congress.)       (Ill)      Nov.   18. 
U.    S.    Office    of    Public    Roads    Reorganized.    (Organization.)*     L.    W.    Page.      (14) 

Nov.  18. 
Protecto  Ammonia  Helmet.      (64)      Nov.  21. 
Diagram    for    Obtaining    Number    Feet    B.    M.    in    Various    Timbers.*     W.    R.    Roof. 

(86)      Nov.  22. 
Valuation  of   Industrial   Properties  vs.  Valuation   of   Industrial   Methods.     Walter  N. 

Polakov.      (Abstract.)      (55)      Dec. 
Relation   between    Perpetual    Inventory   Value    and    Appraisal   Value.     Charles    Piez. 

(Abstract.)      (55)      Dec. 
Flow  of  Air  and  Steam  Through  Orifices.*     Herbert  B.  Reynolds.      (Abstract.)      (55) 

Dec. 
Spontaneous  Ignition  Studied  by  Means  of  Photographic  Plates.*      Frederick  J".  Hoxie. 

(Abstract.)       (55)      Dec. 
Inadequacy    and    Inconsistency    of    Some    Common    Chemical    Terms.     Carl    Hering. 

(105)      Dec.  1. 
Manufacture  of  Potassium   Chlorate.      Anson   G.   Betts.      (105)      Dec.   1. 
Influence  de  la  Pression  sur  I'lnflammation  Electrique  du  Methane.      (33)      Oct.  21. 
Formule  Generale  de   Salaires  Modernes.*      (33)      Nov.   4. 
Moyen   de  Developper  en   France   I'lndustrie  Chimique  :    Creation   de  Laboratoires  de 

Recherches   Industrielles.      (33)      Nov.   4. 
L'Organizatifin    du    Travail    dans    les    Usines    Automobiles    Ford    aux    Etats-Unis.* 

(33)      Nov.   11. 

Municipal. 

Economical   Snow   Removal:   The   Sutclifle   Plough.*      (104)      Nov.    10. 

Some  Details  of  New  Street  Lighting  System  of  Pocatello,  Idaho.*      (86)      Nov.  22. 

Park  Grading  by  Day  Labor.*      (13)      Nov.  2?,. 

Ideen-Wettbewerb  fiir  einem  Bebauungsplan  der  Gemeinde  Bozingen.*     (107)     Nov.  4. 

Railroads. 

Atchison,  Topeka  and  Santa  Fe  Steel-End  Box  Wagons.*      (23)      Sept.   1. 
New   2-10-2   Type  Locomotives.*      (N.  Y.,   Ontario   &  Western    Ry.)       (23)      Sept.    1. 
Completing  the  Mount  Roval  Tunnel   into  Montreal.*      (23)      Sept.  1. 
Rpfrieerator  Cars  for  the  Santa  Fe.*      (23)      Sept.   8. 

4-Cylinder   Express   Locomotive — Norwegian   State   Railways.*      (23)      Sept.    8. 
Equipment   of   Signal   Boxes.*      (23)      Sept.   8. 

Practical   Method   for  the  Adjustment   of   Curves.*      W.    F.    Rench.      (23)      Sept.    15. 
Superheater  Goods   Locomotive — Great   Eastern   Railway.*      (23)      Sept.    15. 
New   Alternating-Current   Signal   Installation   on   the   Grand   Trunk   Railway.*      (23) 
Sept.   15. 

•  Illustrated. 
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Railroads— (Continued) . 

Pulverized  Fuel   tor   Ix)comotives.*      J.  E.   Muhlteld.      (23)    Sept.  22;    (55)    Dec. 

Baldwin  Narrow  Gauge  Locomotives.*      (23)      Sept.  22. 

The  "lutensifore"   Lubricator  for  Locomotives.*      (23)      Sept.   22. 

Train  Control  on  the  East  Indian  Railway.*      (23)      Sept.   22. 

Modern  Terminal  Passenger  Yard.*      (23)      Sept.  22. 

Canadian  Northern  Steel  Frame  Passenger  Cars.*      (23)      Sept.  29. 

Four  Cylinder  4-8-0  Type  Locomotive,  Norwegian  State  Railways.*      (23)      Sept.  29. 

American  Type  Two-Cylinder  Locomotives  on  the  Eastern  Railway  of  France.*      (21) 

Oct. 
The  Montreal  Locomotive  Works,   Ltd.*      (23)      Oct.   6. 

Cab  Signals  and  Automatic  Stop.s  on  the  Western  Pacific  Railroad.'"      (23)      Oct.  6. 
Electrification  of  the  Chicago,  Milwaukee  &  St.   Paul  Railway.*      (23)      Oct.   13. 
Locomotive  Smokeboxes  and  Fittings.      Victor  T.  E.  Barnes.      (Abstract  of  paper  read 

before  Inst,  of  Locomotive  Engrs.)       (23)      Oct.  13. 
Wheel  Turning  in  Railway  and  Locomotive  Shops.      (23)      Serial  beginning  Oct.  20. 
Southern  Railway,  U.  S.  A.,  High-Capacity  Dynamometer  Cars.*      (23)      Oct.  20. 
Locomotive   Superheating.      (23)      Serial    beginning   Oct.    20. 
Locomotive  Performance  on  the  London  and  North-Western   Railway.      (12)      Serial 

beginning  Oct.  20. 
Canadian  Pacific  Mountain  Type  Locomotives.*      W.  H.  Winterrowd.      (23)      Oct.  20. 
Placing  Concrete  Lining  in   Tunnels  by  Compressed  Air.*      (12)      Oct.  20. 
Ah-Steel  Railway  Coaches  for  India.*      (12)      Oct.  27. 

Michigan  Central  New  Passenger  Terminal,  Detroit.*     (23)     Serial  beginning  Oct.  27. 
Industrial  Trucks  on  the  Pennsylvania.*      T.  V.  Buckwalter.      (23)      Oct.  27. 
Powdered  Coal  in  Engine  Service.*      C.  W.  Corning.      (Paper  read  before  the  Smoke 

Prevention  Assoc.)       (25)      Nov. 
Clasp    Brakes    for    Heavy    Passenger    Equipment    Cars.      T.    L.    Burton.      (Abstract.) 

(55)      Nov. 
Mechanical   Design   of   Electric   Locomotives.      A.    F.    Batchelder.      (Abstract.)       (55) 

Nov. 
History  of  Locomotive  Development.*      (Baldwin  Locomotive  Works.)       (2)      Nov. 
British  Express  Locomotives.*      E.   C.   Poultney.      (25)      Nov. 
Electric  Welding  in   Railroad  Shops.*      (25)      Nov. 
Oiling  Ralls  and  Fastenings  to  Prevent  Corrosion.*      (13)      Nov.  2. 
Engineering  Contractor  Talks  on  Earth  Shrinkage.      S.  P.  Baird.      (13)      Nov.  2. 
Drawbridge-Type  Locomotive   Turntable   100   Ft.  Long.*      (13)      Nov.  2. 
The  Channel   Tunnel   and   Other   Projects.*      (12)      Serial   beginning   Nov.   3. 
Progress   on  the   New   Chicago   Union   Station.*      (15)      Nov.   3. 
Gage  Measures  Rail  Wear  on   Sharp  Curves.*      J.  T.   Bowser.      (14)      Nov.   4. 
Maintenance    of    Shop    Lighting    Equipment.      (Abstract    from    Report    to    Am.    Ry. 

Electrical  Engrs.  Assoc.)       (17)      Nov.  4. 
Rules  and  Instructions  Governing  the  Application  of  Counterbalance  to  Locomotives, 

Southern  Pacific  Co.*      (18)      Nov.  4. 
First  Complete  Railway- Valuation  Reports  Filed.      (13)      Nov.   9. 
Position-Light  Signals  on  the  Pennsylvania  R.  R.*      (13)      Nov.  9. 
Economical    Signalling   of    a    Colonial    Railway.*      A.    C.    Rose.      (Paper    read   before 

Inst,  of  Ry.  Signal  Engrs.)       (23)      Nov.  10. 
An   Interurban   Freight  Line  in  the  Farthest  Northeast.      (17)      Nov.   11. 
Interstate  Commerce  Commission   Makes  Its  First  Two  Tentative  Valuation   Reports. 

(14)      Nov.  11. 
Pennsylvania   Freight   Terminal   at   Chicago   Striking   in    both    Size   and   Appearance. 

(14)      Nov.   11. 
Fuel  Economy  and   Boiler  Design.*      J.  T.  Anthony.      (Paper  read  before  New  Eng- 
land Railroad  Club.)       (18)      Nov.  11. 
Freight  Locomotives  for  the  South  Shore  Lines.*      (17)      Nov.  11. 
New  Type  of  Rail- Joint.*      (86)      Nov.  15. 
New  Type  Standardized  Light  Locomotive.*      (86)      Nov.  15. 
Dumping  Trestles  Seen  on  the  Southern  Ry.*      (13)      Nov.  16. 

Electric  Track  Tampers  on  the  New  York  Central.*    G.  W.  Vaughan.     (13)     Nov.  16. 
Hawaiian  Railroad  Repair  Shop.*      (72)      Nov.  16. 

Pneumatic  Mixer  Lines  Railway  Tunnel  Under  Traffic*      (13)      Nov.   16. 
30-Mile   Railway  Tunnel   Under   the  Cascade  Mountains.*      H.   M.   Chittenden.      (13) 

Nov.   16. 
Refrigeration   of  Perishable   Freight   in    Transit.*      M.    E.    Pennington.      (Paper   read 

before  the  Traffic  Club  of  Chicago.)       (15)    Nov.   17;    (25)    Nov.;    (18)    Nov.   4. 
New  Union  Passenger  Facilities  at  Dallas.      (15)      Nov.  17. 

Queen  &  Crescent  Has  Carried  Out  Extensive  Program  to  Improve  Drainage  of  Road- 
bed.*     J.  T.   Bowser.       (14)      Nov.  18. 
Methods  of  Holding  Soft  Roadbed,  C.  M.  &  St.  P.  Ry.      (18)      Nov.  18. 
Intakes   and    Intake   Lines    in    Railway   Water    Service.*      (From   Report   to   the   Am. 

Ry.  Bridge  and  Building  Assoc.)       (18)      Nov.  18. 
Cable  Inclines  on  the  Sao  Paulo  Ry.  in  Brazil.*      F.  A.  Molitor.      (13)      Nov.  23. 
Freight  Car  Utilization  and  M.  C.   B.   Rules.      N.  D.   Ballantine.      (Abstract  of  paper 

read  before  Car  Foremen's  Assoc.)       (15)      Nov.  24. 

•  Illustrated. 
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Railroads— (Continued) . 

Mechanical    Features    of    the    Chicago,    Milwaukee    &    St.    Paul    Ry.'s    Electric    Loco- 
motives.*     A.  F.   Datchelder.      (18)       Nov.  25. 
Soil   Bearing  Tests  Determined  Loading  on   Chicago  Track  Elevation  Work.*      R.   H. 

Ford.      (14)      Nov.  25. 
Illumination  of  Railroad  Yards.*      (From  Report  to  Assoc,  of  Ry.  Electrical  Engrs.) 

(18)      Nov.  25. 
Varied  Uses  of  a  Pneumatic  Tamping  Outfit.*      Charles  Brennan.      (17)      Nov.  25. 
Concrete  Post  Plant  on  the  Lackawanna.*      (87)      Dec. 
L.  &  N.  Timber  Treating  Plant.*      (87)      Dec. 
Design    of   Special    Track    Work :    Outlining   Fundamental    Principles    of    Design    and 

Emphasizing  the  Importance  of  Uniform  Standards.*      H.  F.  Heyl.      (87)      Serial 

beginning  Dec. 
Improvement  of  an  Old  Line.      B.  B.  Shaw.      (Abstract  from  a  thesis  presented  at  the 

University  of  Illinois.)       (87)      Dec. 
Hospital  Train  for  the  United  States  Army.*      (IS)      Dec.  1. 
Repairing  Flood  Damage  on  the  Southern.*      (IS)      Dec.  1. 
Switch  Engines  for  the  Louisville  &  Nashville.*      (15)      Dec.  1. 
Electrification  of  Steam  Railroads.*      George  Gibbs.      (46)      Dec.  2. 
Notice  sur  les  Galeries  Drainantes  Executees  aux  Abords  de  la  Station  de   Meailles, 

sur  la  Section  de  St.-Andr6  a  Annot  de  la  Ligne  de  Digne  a  Nice.*     A.  Perrlssoud. 

(43)      Mar. -Apr. 
Le  Tunnel  sous  la  Manche.*      (33)      Oct.  21. 

Halles  a  Marchandises  a  Etage  pour  Gares  de  Chemins  de  Fer.*      (33)      Oct.  28. 
Les  Chemins  de  Fer  Projetes  dans  la  Russie   Septentrionale  :   Le   Chemin   de  Per  de 

Petrograd  a  la  Cote  Mourmane.*      (33)      Nov.  11. 
Die  Lokomotiven  der  Turkabahn.*      (107)      Oct.   14. 
Geneller  Erweiterungs-Entwurf   fiir  den  Hauptbahnhof  Ztirich   der  S.   B.   B.*      (107) 

Nov.   11. 

Railroads,  Street. 

New  Surface  Traverser,  G.  I.  P.  R.*      (23)      Oct.  6. 

War  Checks  the  Growth  of  Calgary  Street  Railway.*      (17)      Nov.  4. 

Initial  Resistance  to  Car  Motion.      D.  D.  Ewing.      (17)      Nov.  4. 

Two-Story  Concrete  Car  Barn  in  Vancouver  Designed  with  Steel  Columns.*  (14) 
Nov.   11. 

Rail  Corrugation  Studied  in  Chicago.*      (17)      Nov.   11. 

Overhead  Charges  in  Valuation-Examples  of  Percentages  Allowed  in  Various  Wei! 
Known  Appraisals.      (86)      Nov.  15. 

Subway  Steelwork  Kept  20  Ft.  Behind  Heading.*      George  D.  Fried.      (16)      Nov.  16. 

Car  Weight  Reduced  by  Steel  Construction.*      (17)      Nov.   18. 

Electric  Railway  Operating  Under  Steam  Road  Conditions.*  A.  Swartz.  (17) 
Nov.  18. 

Boston  Elevated  Completes  Pressure  Wood  Preserving  Plant.*  Edgar  W.  Bright. 
(17)      Nov.  18. 

Giving  Local  100  Per  Cent.  Service.      H.  S.  Cooper.      (17)      Nov.  18. 

Lowering  a  Tunnel  Under  the  Chicago  River.*      (13)      Nov.  23. 

New  Bonding  Methods  Developed  for  150-Lb.  Third-Rail.*      (17)      Nov.  25. 

Projet  de  Boulevard  et  de  Chemin  de  Fer  Electrique  de  Paris  a  la  Foret  de  Saint- 
Germain.*      (33)      Oct.  21. 

Roads  and  Pavements. 

Paving  by  Direct  Labor  versus  Contract  Work.      Charles  A.   Mullen.      (60)      Nov. 
Resurfacing  Old  Concrete  with  a  New  Concrete  Wearing  Surface.      Edward  N.  Hines. 

(From  Report  of  Wayne  County  Highway  Commission.)       (60)      Nov. 
What  are  the  Road  Maintenance  Costs  in  New  York?      Daniel  T.  Pierce.    (86)    Nov.  1. 
Necessity  for  Limiting  the  Loads,  Speed  and  Size  of  Vehicles.*      (86)      Nov.  1. 
Surfacing  Old  Brick  Pavement  with  Sheet  Asphalt.      (86)      Nov.  1. 
A  Low  Cost  Reinforced  Concrete  Pavement.*      (86)      Nov.  1. 
New  Traffic  Code  of  Columbus,  Ohio.      (86)      Nov.   1. 
The  Sand  and  Asphaltic  Oil  Road.s  of  Massachusetts.      (86)      Nov.  1. 
Method  of  Protecting  Highway  Embankments.*      (86)      Nov.  1. 
Country  Road  and  House  Numbering  System.*      (86)      Nov.  1. 
Color  Scheme  of  Designating  Highway  Routes.      (86)      Nov.  1. 

Experience  in  Paving  Roads  of  Washington  County.      David  H.  White.      (13)      Nov.  2. 
Asphalt- Joint  Filling  Machine.*      J.  S.  Bright.      (13)      Nov.  2. 
Resurfacing  Macadam  Roads  with  Small  Brick  Cubes.      (13)      Nov.  2. 
More  Details  of  Sioux  City  Concrete  Paving  Practice.      (13)      Nov.  2. 
Traffic-Census  Methods  and  Some  Results;  St.  Louis.*    William  Holden.    (13)    Nov.  2. 
Portable  Plant  Makes  Bituminous-Pavement  Patches.*    Samuel  H.  Lea.     (14)     Nov.  4. 
Heavy  Street  Grades  Cut  Down  in  San  Francisco.*      (14)      Nov.  4. 
Old  Roads  Maintained  with  Roller  and  Scarifier.*      George  E.  Martin.      (14)      Nov.  4. 
New  Monolithic  Brick  Roads  in  Illinois  County.*      (76)      Nov.   7. 
Alignment  and  Drainage  of  Rural  Highways.*      H.  E.  Bilger.      (13)      Nov.  9. 

•  Illustrated. 
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Roads  and  Pavements— (Continued). 

Effects  of  Exposure  on  Tar  Products.      Charles  S.  Reeve  and  Benjamin  A.  Anderton. 

(Abstract  from  paper  by  L.  W.  Page.)       (96)      Nov.  9. 
Laboratory    Tests    for    Road    Building    Materials.      (From    Public    Service    Bulletin.) 

(96)      Nov.  9. 
A  Note  ou  Cart  Wheels  and  Tyres.      T.  Salkield.      (Paper  read  before  All-India  Sani- 
tary Conference.)       (104)      Nov.  10. 
Arizona  Experiments  with  Oiling  of  Roads.      (14)      Nov.  11. 
Rock    Work    on   the   Storm    King    Highway.    Cornwall,    N.    Y.*      H.    L.    Hicks.      (86) 

Nov.  15. 
Sheet  Steel  for  Paving.*      (13)      Nov.  16. 
Begin   Studies  to  Find  Cause  of  Concrete-Road  Cracks.      William   M.   Kinney.      (14) 

Nov.  18. 
Highway  Condition.s  in  Pioneer  Good-Roads  State  Unsatisfactory.      Harry  Meixell,  Jr. 

(From  Report  to  New  Jersey  State  Chamber  of  Commerce.)       (14)      Nov.  18. 
Porous  Brick  by  Use  of  Sawdust.      B.  T.  Sweely.      (76)      Nov.  21. 
Street  Traffic   Problems.      Nelson  Peter  Lewis.      (Abstract  of  paper  read  before  Am. 

Roadbuilders  Assoc.)       (96)      Nov.   23. 
Monolithic  Brick  Paving  for  Wide  Streets.*      William  Robert  Paige.      (13)      Nov.  23. 
Road  Building  Methods  of  New  York  State  Criticised  ;  Deputy  Commissioners  Reply. 

D.  T.  Pierce,  H.  E.  Breed  and  F.  W.  Sarr.      (14)      Nov.  25. 
How   Office   Machinery   for   Spending  a   $1500  000   County   Road   Bond    Issue   Works. 

(14)      Dec.  2. 
Relay  Brick  Pavement  on  Wet  Concrete  Cushion.      (14)      Dec.  2. 
Essais    de    Resistance    au     Roulement    d'une    Voiture    Automobile    sur    Difl^rentes 

Chaussees.      (33)      Oct.  28. 

Sanitation. 

Insanitary  Gully.      J.  T.  Neech.      (Paper  read  before  the  Royal  Sanitary  Inst.)     (104) 

Sept.   8. 
Sewage  Disposal  and  Water  Supply  in  Canada.      (From  the  Toronto  Contract  Record.) 

(104)      Sept.  8. 
Disposal   of   Excreta   in   the    Tropics.     Angus   Macdonald.      (From   Journal   of  State 

Medicine.)       (104)        Sept.  15. 
Eastville  Refuse  Destructor,   Bristol.*      (104)      Sept.  15. 
Notes  on  the  Sewage  Disposal  and  Purification  Works  at  Sutton.      (Abstract  of  paper 

read  before  Assoc,  of  Managers  of  Sewage  Disposal  Works.)       (104)      Sept.  22. 
Chlorination  of  Water.      J.  Race.      (104)      Sept.  22. 
Activated  Sludge  Process  in  Treatment  of  Tannery  Wastes.     Harrison   P.  Eddy   and 

Almon  L.  Fales.      (104)      Sept.  29. 
Economical  Sewage  Filter-Bed  Construction.*      (104)      Sept.  29. 
Vacuum  Heating  Systems.      Charles  L.  Hubbard.      (64)      Oct.  3. 
University    of    Toronto    Central    Heating    and    Power    Plant.*      L.    M.    Arkley.      (64) 

Oct.  10. 
Utilization  of  House  Refuse.      Reginald  Brown.      (104)      Oct.  27. 
Activated  Sludge  Process.      (From  Annual  Report  of  Manchester  Rivers  Committee.) 

(104)      Oct.  27. 
Testing    of     House-Heating     Boilers.*      L.     P.     Breckenrldge     and     D.     B.     Prentice. 

(Abstract.)       (55)      Nov. 
Chicago's  Norwood  Park  Sewer;  Methods  of  Construction.*      (60)      Nov. 
Selection,  Training  and  Care  of  the  Horse  for  Street  Cleaning  Work.      (86)      Nov.  1. 
Street  Dirt  and   Cleaning  not   Measurably   Unhealthful.      (From   Report  to  the  Am. 

Public  Health  Assoc.)       (13)      Nov.  2. 
Slaughter-House  Sewage  Test  Plant,  Buenos  Aires.      Waldo  S.  Coulter.     (13)     Nov.  2. 
Revising  Some  Plumbing  Traditions.*      W.  Goettling.     (101)     Serial  beginning  Nov.  3. 
Trunk  Main  Makes  Successful  Furnace  Job.*      (101)      Nov.  3. 

Amount  of  Heat  in  Water  and  Steam.  W.  B.  Gray.  (101)  Serial  beginning  Nov.  3. 
Reports  on  Year's  Operation  of  Fitchburg  Sewage  Works.     F.   W.  Jones.      (Extracts 

froih  Report  to  Sewage  Disposal  Commission.)       (14)      Nov.  4. 
Results   and    Conclusions   from   a   Year's   Operation   of  the   Activated   Sludge    Sewage 

Treatment  Plant  at  Milwaukee.      (86)      Nov.  8. 
A  Novel  Reinforced  Concrete  Sewer  Viaduct.*      Frank  C.   Perkins.      (86)      Nov.  8. 
Garbage  Collection  and  Disposal  by  a  Small  City.      (86)      Nov.  8. 
Sewage  Treatment  Plants  in  Ohio.      (86)      Nov.  8. 

Activated-Sludge  Novelties  at  Hermosa  Beach,  Cal.*  A.  M.  Brosius.  (13)  Nov.  9. 
Unlined  Sewer  Tunnel  in  Rock  at  Rochester.*  Charles  L.  Raymond.  (13)  Nov.  9. 
Proposed  Code  for  the  Sanitary  Control  of  Waterways.      (Prom  Report  to  Am.  Public 

Health  Assoc.)       (13)   Nov.  9;    (14)  Nov.  11. 
Compound  Elbows  in  Rectangular  Piping.*      (101)      Nov.   10. 
Terms  Used  in  Sewerage  and  Sewage  Disposal.      (From  Report  to  Am.  Public  Health 

Assoc.)       (104)      Nov.  10. 
State  Supervision  of  Sewage  Works  Construction  and  Operation  in  America.    (Extracts 

from  Report  to  Am.  Public  Health  Assoc.)       (104)      Nov.  10. 

•  Illustrated. 
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Sanitation— ( Contin  ued ) . 

Finds    Electrolytic    Sewage    Treatment    Little    Better    than    Lime    Alone.*      Edward 

Bartow.      (14)      Nov.  11. 
Reaeration  Held  to  be   Important  in   Self-Purlflcation  of  Streams.     Earle   B.  Phelps. 

(Paper  read  before  Am.  Chemical  Soc.)       (14)      Nov.  14. 
Method  and  General  Cost  of  Rock  Excavation  for  the  Inlet  Swamps  Drainage  District, 

Illinois.      (86)      Nov..  15. 
Vitrified  Pipe  with  Asphaltic  Joints  Used  as  Force  Main.     John  B.  Hawley.      (Paper 

read  before  Texas  Eng.  Soc.)       (14)      Nov.  18. 
Activated-Sludge    Experiment.s    at    University   of    Illinois.*      Edward    Bartow,    F.    W. 

Mohlman  and  J.  F.  Schnellbach.      (From  Report  to  Illinois  State  Water  Survey.) 

(13)      Nov.  23. 
Method   of  Making   Drainage   and    Improvement   Assessments.      Percy   Cupper.      (13) 

Nov.  23. 
Horse  or  Motor  for  Collecting  City  Garbage.     B.  F.  Miller.      (13)      Nov.   23. 
Vapor  Heating  System  in  Jefferson  Apartments  (Valparaiso,  Ind.).*      (101)      Nov.  24. 
Furnaces  Heat  Houses  Built  in  Blocks.*      J.  Wilmore.      (101)      Nov.  24. 
Bottom  of  Pipe  Perforated  for  Air  Distribution.      (14)      Nov.  25. 
Recommend    Isolated    Sewage-Treatment   Plants    for   Lake   Cities    North    of   Chicago.* 

John    W.    Alvord,    Harrison    P.    Eddy    and    George    W.    Fuller.      (Extracts    from 

Report  to  Waukegan  Waterworks.)       (14)      Nov.  25. 
Manhattan  State  Hospital's  Central  Heating  Plant.*      G.  B.  Nichols.      (64)      Nov.  28. 
Forced  Circulation  for  Greenhouse  Heating.*      (101)      Dec.  1. 
L'Epuratlon  des  Eaux  d'Egout.      H.  Verriere.      (43)      Mar. -Apr. 
Elektrische    Warmwasserbereitungsanlagen,    kombiniert    mit    der    Zentralheizung    fiir 

Winterbetrieb.      O.  Hasler.      (107)      Oct.  21. 
Betrachtungen  iiber  mechanische  Liiftung.     Konrad  Meier.      (107)      Nov.  11. 

Structural. 

Forestry  and  the  Future  Timber  Supply.*      N.  R.  McNaughton.      (98)      Sept. 

Comparative  Designs  of  Office  Buildings.*      Fred  Ruchti.      (4)      Oct. 

Correction    of    Echoes    and    Reverberation    in    the    Auditoriunl    at    the   University    of 

Illinois.*      F.  R.  Watson  and  J.  M.  White.      (From  Bulletin  No.  87,  University  of 

Illinois  Eng.  Experiment  Station.)       (11)      Oct.  20. 
Influence  of  Speed  on  Endurance  Tests.*      W.  C.  Popplewell.      (12)      Oct.  20. 
Corrosion  of  Steel  Sheets.      E.  A.  Richardson,  Warren  and  L.  T.  Richardson.    (Abstract 

of  paper  read  before  the  Am.  Electrochemical  Soc.)      (47)      Oct.  27. 
Heat  Transmission  Through  Various  Types  of  Sash   and   the   Causes  and   Prevention 

of      Internal      Condensation      in      Double-Glazed      Sash.*      Arthur     N.     Sheldon. 

(Abstract.)       (55)      Nov. 
Partition  of  the  Load  in  Riveted  Joints.*     Cyril  Batho.      (3)   Nov.;   (96)   Nov.  16. 
Combustion    and    Fireproofing    of    Wood :    Some    Minute    Reactions.*      James    Scott. 

(21)      Nov. 
Ottawa  Public  Comfort  Station.*      H.  L.  Seymour.      (96)      Nov.  2. 
Experience  of  41  Railways  in  Small  Concrete  Jobs.      (13)      Nov.  2. 
Chinese  Build  Reinforced  Concrete  Warehouses.*      E.  Park.      (14)      Nov.  4. 
Formulas    for    Width    of    Base    of    Gravity    Retaining    Walls.*      T.    A.    Smith.      (14) 

Nov.  4. 
Run   of   1 200   Yards    In    Twenty   Hours   Made   with    Conveyor    System    for    Concrete 

Aggregates.*      (14)      Nov.  4. 
New    Formula    for    the    Crown    Thickness    of    Arches.*      Joseph    P.    Schwada.      (13) 

Nov.  9. 
Tensil   Strength   of  Asbe.stos   Rope  When   Exposed   to   Fire.*     J.    Bobaricoff   and   W. 

Mramomoff.      (11)      Nov.   10. 
Abolition  of  Wood  Shingle  Justified.     T.  W.  Haney.      (Abstract  of  paper  read  before 

the  Inter.  Assoc,  of  Fire  Engrs.)       (101)      Nov.  10. 
New  Tables  to  Aid  Design  of  Concrete  Form  Supports.    Ernest  McCullough.     (Extract 

of  Report  to  Illinois  Dept.  of  Factory  Investigation.)       (14)      Nov.   11. 
Tests  Apparently  Substantiate  the  Theoretical  Formula  for  Strength  of  Outstanding 

Flanges.*      Raymond  J.  Roark.      (14)      Nov.  11. 
Ratio  of  Electrically-Caused  Fires  to  Those  Due  to  Gas  in  Ten  States  Slightly  Over 

2V2   to  1.      Robert  French  Pierce.      (24)      Nov.  13. 
Fire  or  Explosion  Wrecks  Part  of  Concrete  Warehouse.*      (13)      Nov.  16. 
Hollow  Reinforced-Concrete  Columns  for  Ford  Plant.*      (14)      Nov.   18. 
The    Hollow-Ware   Machine   Which    does   not   Depreciate.     Ernest   W.    Knapp.      (76) 

Nov.  21. 
Bad  Effects  from  the  Use  of  Salt  Water  in  Reinforced  Concrete  Structures  Built   in 

Tropical  Countries.*      J.  L.  Harrison.      (86)      Nov.  22. 
Comparative   Costs    for    Concrete    and    Timber    Factory    Buildings.     F.    E.    Davidson. 

{Technical   Letter  of  National   Lumber  Manufacturers'   Assoc.)       (86)    Nov.  22  ; 

(13)   Nov.  9. 
Formwork  Tables  for  Reinforced  Concrete  Buildings.      (From  23d  Annual  Report  of 

the  Chief  State  Factory  Inspector  of  Illinois.)      (86)      Nov.  22. 
Cost  Keeping  Methods  for  Concrete  Construction.      (86)      Nov.  22. 


*  Illustrated. 
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Structural— (Continued). 

A  Material  Handling  Plant  for  Difficult  Construction  Conditions.      (86)      Nov.  22. 

ITnderpinning  with  Hollow  Piles  Driven  with  Point.*      G.  L.  Knight.      (13)      Nov.  23. 

Construction   Features  Used  by  Concrete  Building   Firm.*      (13)      Nov.   23. 

Hollow  Columns  and  Roof  Ducts  to  Ventilate  Concrete  Building-Floors  Water- 
proofed.*     (14)      Nov.    25. 

Influence   Lines   as  Deflection   Diagrams.*      D.   B.   Steinman.      (14)      Nov.   25. 

Elevator  Pits  and  Machinery  Floors  in  Concrete  Buildings.*  Albert  M.  Wolf,  Assoc. 
M.  Soc.  C.  E.      (86)      Nov.  26. 

Making  Sheet  Metal   Chimney  Tops.*      L.  S.   Bonbrake.      (101)      Dec.  1. 

Vole  d'Essai  sur  Plaques  en  Beton  Arme  des  Chemins  de  Fter  de  I'Etat  Normandie.* 
(33)      Nov.   4. 

Verbesserungsfahige  Einzelheiten  des  Eisenbetonbaues.*  Paul  Frei.  (78)  Serial 
beginning  Oct.   3. 

Die  Vorausberechnung  des  Wasserzusatzes  gleich  feuchter  Betone  fiir  Laboratoriums- 
versuche.*      Josef  Schustler.      (78)      Oct.  3. 

Die   Konservenfabrik   "Helvetia"    in    Gross-Gerau.*      Stelnberger.      (78)      Oct.    3. 

Topographical. 

Photogrammetry  for  Taking  Topography  of  Watershed.*      Douglag  H.   Nelles.      (13) 

Nov.  9  ;    (96)    Nov.  16. 
Planetable  Facilitates  Making  Station  Maps.      R.  E.  Davis.      (14)      Dec.  2. 
Proportional   Drawing:   Some  Geometrical   Problems  of  Value   to  Draughtsmen.*      L. 

A.   Brown.      (19)      Dec.  2. 

Water  Supply. 

Lake  View   Pumping   Station.*      Thomas   Wilson.      (64)      Oct.    10. 

The  Impact  Tube.*      Sanford  A.  Moss.      (Abstract.)       (55)      Nov. 

Scotch  Method  of  Cleaning  Water  Mains.*      (60)      Nov. 

How  Wilmington  Set  10  000  Water  Meters.*      S.   N.   Van   Trump.      (60)      Nov. 

New   Water   Supply   and   Other   Municipal   Works   at   Watford.*      David   Waterhouse. 

(114)      Nov. 
Developing  More  Water  Power  on  Genesee  at  Rochester.*      (13)      Nov.  2. 
Experiments  with   Submerged  Orifices   and  Tubes.*      T.   C.    Rogers   and   T.   L.   Smith. 

(13)  Nov.   2. 

Drainage-Pump  Foundation  Design  is  Dam  Problem.*      H.  L.  Hutson.     (13)     Nov.  2. 
Waters     and    Water-Powers     (Canada).      Leo    G.     Denis.      (From     Seventh     Annual 

Report  of  Commission  of  (Conservation.)       (96)      Nov.  2. 
Water- Works  Improvements  at  Sioux  Falls,  S.  D.      (13)      Nov.   2. 
Water  Powers  of  Canada.      (From   Series  of  Reports  by  Minister  of  the  Interior  to 

Panama-Pacific   Exposition.)       (11)      Nov.    3. 
Tests    of    Irrigation    Pumping    Plants    Supplied    by    the    Southern    California    Edison 

Company.*      R.  H.  Gates.      (Ill)      Serial  beginning  Nov.  4. 
Construction   Costs  of  Certain   Rapid  Sand  Filter  Plants.      (86)      Nov.   8. 
The   Graphical   Representation  of  the  Capacity  of   Main  Water   Pipes.*      Charles   W. 

Sherman.      (86)      Nov.   8. 
Estimated  Costs  of  Hydroelectric  Plants  on  Winnipeg  River.      (86)      Nov.   8. 
Gravel  Grading  Machine  Used  at  Grand  Rapids,   Mich.,  Filter  Plant.*     (86)     Nov.  8. 
Report  on  Cause  and  Repair  of  Cracks  in  Winnipeg  Aqueduct.*      (86)      Nov.  8. 
Some    Design    Features    of    the    3  500  000    Gal.    Reinforced    Concrete    Reservoirs    for 

Lansing,   Mich.*      (86)      Nov.  8. 
Battle  Over  the  Miami  Flood-Prevention  Plans.*      H.  M.  Chittenden.      (13)      Nov.  9. 
Roughness    of    Steel    Pipe    After    22    Years    of    Service.*      W.    L.    Reynolds.      (13) 

Nov.  9. 
Six-Post  Water-Tower  Tank.*      (13)      Nov.  9. 
Southern    Rain's!    and    Floods   of   July,    1916,    Exhibited.*      Alfred    J.    Henry.      (From 

Monthly  Weather  Review.)       (13)      Nov.  9. 
Change   from  Alum   to   Iron   at   Clarksburg  Water   Filters.      Perkins   Boynton.      (13) 

Nov.  16. 
On  the  Contractor's  End  of  the  Yadkin  Development.*      (13)      Nov.  16. 
Three  31  000-H.p.  Turbines  for  Yadkin  Plant.      (13)      Nov.  16. 
Famous  Yadkin  Development  Nearing  Completion.*      (13)      Nov.  16. 
Gravity    Water    Supply     Scheme    for    Calgary.*      George    W.    Craig.      (Abstract    of 

Report  to  City  Council.)       (96)      Serial  beginning  Nov.  16. 
Modern   Turbines   and   New   Power  House  Replace   Earlier   French   Design   of  Yadkin 

River  Power  Project.*      (14)      Nov.   18. 
Hurters  Suspended  from  Timbers  in  Concreting  Dam  Foundation.*      Karl  H.  Schriver. 

(14)  Nov.  18. 

Coal  Tar  Helps  Maintenance  of  Metal  Flumes.  Fred  D.  Pyle.  (From  Reclamation 
Record.)       (14)      Nov.  18. 

Engineers  Condemn  Montreal  Aqueduct  Scheme.  (From  Report  to  Board  of  Com- 
missioners, Montreal.)       (96)      Nov.   23. 

Disinfection  and  Other  Progress  in  Municipal  Water  Supplies.  (Extract  from 
Report  to  Am.  Public  Health  Assoc.)      (96)      Nov.  23. 

*  Illustrated. 
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Water  Supply— (Continued). 

Restoring  Flood-Wrecked  Well  and  Pumping  System.    A.   C.  Francis.     (13)     Nov.  23. 

Sensitive  Water-Level   Recorder.*      E.  J.  Hoff.      (13)      Nov.   23. 

$600  000   Washington    Irrigation   Project,   Financed   by   Landowners,    Completed   in   a 

Year.'      .T.   C.   Stevens.      (14)      Nov.   25. 
Periods  of  Filter  Service  Increased   250  Per  Cent.*      J.  W.  Ellms  and  S.   J.  Hauser. 

(Paper  read  before  Am.  Chemical  Soc.)       (14)      Nov.   25. 
Mammoth   Water  Turbines   in   Yadkin   River  Station.*       (27)      Nov.   25. 
South   American   Laws   Regulating  Hydro-Electric  Enterprises.      Ludwig  W.  Schmidt. 

(64)       Nov.    28. 
A  Reservoir  That  Will   Float:  A  German   Solution  of   the   Difficulties  of  Subaqueous 

Concrete  Work.*      J.  F.  Springer.      (46)      Dec.  2. 
Forty  Million  Horse  Power  Wasted  ;  A  Plea  for  the  Utilization  of  Our  Water  Powers.* 

Hugh  L.   Cooper.      (46)      Dec.   2. 
Note  sur  la  Stabilisation  des  Conduites  d'Eau  de  Grand  Diametre.*     J.  Dejust.     (32) 

Apr.— June. 
Neuer   Beobachtungen   iiber  die   kritischen   Umlaufzahlen    von    Wellen.*      A.    Stodola. 

(107)      Serial  beginning  Oct.  28. 

Waterways. 

Large  Modern  Lock  Gates.*      Malcolm   Elliott.      (4)      Oct. 

Results  of  Experiments  Looking  to  the  Development  of  a  Form   of  Subaqueous  Con- 
crete Revetment  for  the  Protection  of  River  Banks  Against  Scour  or  Erosion.* 

E.   M.   Markham.      (100)      Nov. 
Submarine  Mine  Wharf  at  Fort  Armstrong,  T.  H.*      Charles  J.  Taylor.      (100)     Nov. 
Effect  of  Channel  on  Stream  Flow.*      Nathan   C.  Grover.      (109)      Nov. 
Retaining  Wall  Failure  at  Lock  No.  13,  Kentucky  River.*     H.  G.  McCormlck.     (100) 

Nov. 
Improvement  of  the  Mouth  of  the  Columbia  River.*     Gerald  Bagnall.      (100)      Nov. 
Improvement  of  Livingstone  Channel,  Detroit  River,  Dry  Excavation.*      C.  Y.  Dixon. 

(100)    Nov.  ;   (86)   Nov.  15. 
Who    Built    Panama    Canal,    If    Not    Its    Civilian    Force?     C.    O.    Simmons.      (Prom 

Public  Ledger,  Sept.  6th,  1916.)       (2)      Nov. 
Concrete  Wharf  Supports  in  Salt  Water.      Thomas  S.  Williams.      (Paper  read  before 

the  Am.  Assoc,  of  Port  Authorities.)       (96)      Nov.  2. 
Cloudburst  on  Cabin  Creek.      Josiah  Keely.      (45)      Nov.  4. 
San  Francisco  Will  Protect  Beach  with  Bleachers.*      (14)      Nov.  4. 
Flexible    Floating   Pumping   Plant   on    Calument-Sag    Channel.*      (86)      Nov.    8. 
Falls   and   Rapids  on  the  St.   Maurice  River,   Quebec.      (From   Report  of   the   Quebec 

Streams  Commission.)       (96)      Nov.  9. 
Surges    for    16    Miles    from    Pedro    Miguel    Lockages.*      R.    Z.    Kirkpatrick.      (14) 

Nov.  11. 
Electric  Power  to  Dredge  a  Relocated  River  Channel.*      .1.  H.  Walter.     (14)     Nov.  11. 
Divert  Flow  of  White  River,  Washington,  to  Tacoma.*      (14)      Nov.   11. 
Revolving  Pile  Driver.*      (86)      Nov.  15. 

Quebec  Harbor  Improvements.*      C.  V.  Johnson.      (96)      Nov.  16. 
Vancouver  Harbor  and   Its   Improvements.      C.   E.   Cartwright.      (96)      Nov.   16. 
New  York  Barge  Canal ;   Its  Relation   to  Other  Waterways  and  Outlying  Territory. 

(19)      Nov.  18. 
Modern   Methods  of  Driving  Wooden   Piles.*      (From   Report  to  the  Am.   Ry.   Bridge 

and   Building  Assoc.)       (18)      Serial  beginning  Nov.   18. 
New   Dock  of  Buffalo   Rochester  &   Pittsburgh   Ry.,   at  Buffalo   Creek,    N.   Y.*      (18) 

Nov.    18. 
Inverted  Hammers  Pull  72-Ft.  Sheeting  at  New  York  Pier.*      C.  W.  Staniford.      (14) 

Nov.  18. 
Useful  Type  of  Cribwork.*      A.  E.  Eastman.      (96)      Nov.   23. 
United   States  Lighthouse  Service — Its  History,   Growth  and   Methods.      (19)      Serial 

beginning  Nov.  25. 
"Panama  Canal  Slides  Will  be  Overcome  for  All  Time" — General  Goethals.     George 

W.  Goethals.      (From  Report  of  Panama  Canal.)       (14)    Nov.  25;    (13)   Nov.  23. 
Giant   Among   Tunnels :    Where  the   Marseilles   Canal   Goes    Through   the   Mountain.* 

(46)      Nov.  25. 
Corrosion  Develops  at  Panama  Lock  Gates  and  Valves.     George  W.  Goethals.     (Ftom 

Report  of  Panama  Canal.)      (14)      Dec.  2. 
Develop  Four  Types  of  Bank  Protection  in  Washington.*      (14)      Dec.  2. 
Tidal    Lock    with    Special    Safety    Devices    for    Large    Dock    at    Chemulpo,    Korea.* 

Henry  Goldmark.      (14)      Dec.  2. 
Les  Resultats  d'Exploitation  du  Canal  de  Panama.      (33)      Oct.  28. 
Les  Ports  Francais  et  la  Guerre:   Nantes  et  la  Ix)ire  Maritime.*      (33)      Nov.  4. 
Les  Ports  Frangais  et  la  Guerre:  Saint  Nazaire.*      (33)      Nov.  11. 

*  Illustrated. 
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Associate  Member,  406. 

Brown,  Harvey  Foreman. — Elected 
an  Associate  Member,  244. 

Brown,  William  Edwin. — Elected  a 
Member,  405. 

Brow'N,  ^^'ILLIAM  N. — Statement  by. 
Relative  to  Government  Compe- 
tition in  Engineering,  410,  446. 

Bryson,  Carlyle  Hugo. — Trans- 
ferred to  Grade  of  Associate 
Member,  648. 

Buck,  R.  S. — Resolutions  by.  On 
Mobilization,  etc.,  of  Resources 
of  the  Country.  69.  105. 

Buck,  Ross  Judson. — Transferred  to 
Grade  of  "Associate  Member,  757. 

Buck,  Walter  Van. — Transferred  to 
Grade  of  Associate  Member,  757. 

Buckwalter,  Harris  Daniel. — 
Elected  an  Associate  Member, 
406. 

BuEL,  A.  W. — Discussion  by,  405, 
649. 

BuELL,  William  Elijah,  Jr. — Trans- 
ferred to  Grade  of  Associate 
Member,  313. 

Building  Committee  of  United  Engi- 
neering Society. — Appointment 
of,  469. 

Burd,  Edward  Morris. — Elected  an 
Associate  ^Member,  694. 

Burke,  John  Ryan. — Elected  a  Mem- 
ber, 646. 

Burke,  Ralph  Haney. — Transferred 
to  Grade  of  ^Member,  648. 

Burnell,  William  Victor. — Elected 
an  Associate  Member,  406. 

Burnette.  Frank  Rupert. — Elected 
an  As-sociate  Member,  244. 

Burns,  Howard  Edward. — Elected 
an  Associate  Member,  646. 

Burr,  W.  H. — Discussion  by,  248. 

Burt,  Aaron  Moulton. — Elected  a 
Member,   405. 


BURTON. 

Burton.  William  Arthur. — Trans- 
ferred to  Grade  of  Associate 
Member,  696. 

Bush,  Lincoln. — Elected  Treasurer, 
74,  113. 

Bush,  Philip  Lee. — Transferred  to 
Grade  of  Member,  407. 

Butler,  Arthur  Gray. — Elected  a 
Junior,  412. 

Cadwallader,  Wallace  Laird. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  408. 

Cain,  William. — Paper  by,  75;  On 
Committee  to  Recommend  the 
Award  of  Prizes,  698. 

Caldwell,  Charles  Adolphus. — 
Death  announced,  649. 

Cambria  Steel  Company. — Appropria- 
tion by.  For  Work  of  Special 
Committee  to  Report  on  Stresses 
in  Railroad  Track.  697. 

Camp,  George  Dashiell. — Elected  a 
Junior,  647. 

Canady,  Curtis  Marion. — Elected  a 
Member,  694. 

Canfield,  Edward.  —  Death  an- 
nounced,  592. 

Canney,  Jay  Cassius. — Elected  a 
Junior,  407. 

Cantley,  John. — Elected  an  Asso- 
ciate Member,  244. 

Cappelen,  F.  W. — On  Nominating 
Committee,  68,  82. 

Carey.  Matthew  Laurence.  — 
Elected    a   Junior.    71. 

Carey,  William  Nelson. — Elected 
an  Associate  Member,  244. 

Carpenter,  R.  C. — Paper  by,  405; 
Discussion  by,  405. 

Carr,  Walter  Frank. — Death  an- 
nounced,  192. 

Carroix,  James  Edward. — Elected  a 
Member,  411. 

Carson,  Harry  Young.— Elected  a 
Junior,  245. 

Carson,  John. — Elected  a  Member, 
646. 

Carter,  Evlane  Kemper. — Elected 
an  Associate  Member,  70. 

Cartlidge,  Charles  Hopkins.  — 
Death  announced,  411.  447. 

Case,  Montgomery  Babcock.  — 
Elected   a   Member,   754. 

Casler,  Melvin  David. — Transferred 
to  Grade  of  Member,  312. 


VIII 


CASTILLO   V   GRAU. 


CLAPP. 


Castillo  y  Grau,  Antonio. — Trans- 
ferred to  Grade  of  Associate 
Member,  648. 

Castleman,  Francis  Lee. — Elected  a 
Member,  41 L 

Catlin,  Harold  Burd.- — Transferred 
to  Grade  of  Associate  Member, 
246. 

Cattell,  W.  a. — Presides  at  Meet- 
ing, 404. 

Cattell,  William  Clark. — Elected 
an  Associate  Member,   70. 

Cebrian,  Harry  de  Laveaga.  — 
Elected  a  Junior,  245. 

Cefalu,  Frank  Dominic. — Trans- 
ferred to  Grade  of  Associate 
jMember,  696. 

Cerny,  James. — Elected  an  Associate 
Member,  694. 

Cerny,  John  William. — Elected  an 
Associate  Member,  70. 

Chamblin,  Elqa  Ross. — Elected  an 
Associate  Member,  70. 

Chandler,  John  Henry. — Elected  an 
Associate  Member,  411. 

Chappel,  Milford  Edward. — Elected 
an  Associate  Member,   755. 

Chase,  Edward  Sherman. — Elected 
an  Associate  Member,  406. 

Cheatham,  James  Leslie. — Elected 
a  Junior,  648. 

"Chemi-Hydrometry  and  Its  Applica- 
tion to  the  Precise  Testing  of 
Hydro-Electric  Generators,"  pre- 
sented and   discussed,    1. 

Cherrington,  Frank  Willard. — 
Elected  an  Associate  Member, 
755. 

Childs,  James  Alanson. — Elected  an 
Associate  Member,   311. 

Chin,  Kee  Ham. — Elected  a  Junior, 
756. 

Chittenden,  Albert  Friedrich. — 
Elected  an  Associate  Member, 
244. 

Church,  Howard  Emerson. — Elected 
an  Associate,  647. 

Cissel.  .Tames  HARLAN.^Elected  an 
Associate   ^lember,   406. 

"City  Planning,"  Informal  Discussion 
on,   697. 

Civil  Engineers,  Special  Committee 
to  Investigate  the  Conditions  of 
Employment  of,  and  Compensa- 
tion    of. — Progress     Report     of, 


69,  103;  Minutes  of  Meetings  of, 
148,   708. 

Clapp,  Otis  F, — Elected  a  Director, 
74,  113;  On  Finance  Committee, 
78;   Resolution  by,  310,  343. 

Clark,  George  H. — On  Committee  of 
Arrangements  for  Annual  Meet- 
ing,   759. 

Clark,  Howard  Foster. — Trans- 
ferred to  Grade  of  Associate 
Member,  648. 

Clark,  Ludlow  Victor. — Death  an- 
nounced, 73,  111. 

C  larkson,  William,  Jr. — Elected  an 
Associate  Member,  755. 

C  i.AUSNiTZER,  John. — Transferred  to 
Grade  of  Associate  Member,  313. 

Cleveland,  John  Abell. — Elected  an 
Associate   Member,  244. 

Cleveland  Association. — Abstract  of 
Minutes  of  Meeting  of,  763. 

( i.ossoN,  Edgar  Stone. — Transferred 
to  Grade  of  Member,  73. 

"Coal  Piers  on  the  Atlantic  Sea- 
board," Awarded  the  James 
Laurie  Prize,  68,  81. 

(  obb,  Louis  Reno. — Ejected  a  Mem- 
ber,  646. 

Cobb.  William  Richard. — Elected  a 
Junior,   245. 

Cock,  Calvin  Earnest. — Elected  an 
Associate  Member,   755. 

CoE,  Edward  Kirk. — Elected  a  Mem- 
ber,  646. 

Coffin,  Amory. — Death  announced, 
408. 

Coffin,  William  Carey. — Elected  a 
Member,   694. 

(  OHEN,  Isadore. — Elected  a  Member, 
244. 

"Cohesion  in  Earth:  The  Need  for 
Comprehensive  Experimentation 
to  Determine  the  Coefficients  of 
Cohesion,"  presented  and  dis- 
cussed, 75. 

Cole.  William  Weeden. — Death  an- 
nounced,  2. 

Coleman,  J.  F. — On  Publication 
Committee,  78;  Discussion  by, 
310,  335. 

Coleman,  Lester  Lyman. — Death 
announced,   696. 

(  ollier,    B.    C. — Discussion    by,    191. 

Collingwood  Prize.- — -Award  of,  68,  81. 

Collins,  Clarke  Peleg. — Trans- 
ferred to  Grade  of  Member,  73. 


IX 


COLORADO. 

Colorado  Association. — Abstract  of 
ilinutes  of  Meetings  of,  145,  195, 
251.   347.   652,   762. 

"Colorado  River  Siphon,"  Awarded 
the    Collingwood    Prize,    68,    81. 

Committee  of  Arrangements  for  An- 
nual Convention. — Appointment 
of,  74.  76,   111. 

Committee  of  Arrangements  for  An- 
nual Meeting. — Appointment  of, 
759. 

Committee  of  Board  of  Direction  on 
Special  Committees. — Report  of, 
414. 

Committee  on  A  National  Water 
Law. — Progress  Report  of,  68. 
97;  Resolution  of  Board  of 
Direction  Relative  to  Re-Organi- 
zation of,  416. 

Committee  on  Concrete  and  Rein- 
forced Concrete. — Progress  Re- 
port of.  69,  97;  Minutes  of  Meet- 
ings of,  256,  353,  481;  Discus- 
sion Relative  to  Discliarge  of, 
409.  433. 

Committee  on  Engineering  Educa- 
tion.— Progress  Report  of,  69,  97. 

Committee  on  Extension  of  U.  S. 
Weather  Bureau  Service. — Re- 
port of,  314;  Members  of,  314. 

Committee  on  Finance. — Appoint- 
ment of,  78. 

Committee  on  Floods  and  Flood  Pre- 
vention.-— Progress  Report  of,  69, 
97;  Discussion  Relative  to  Con- 
tinuation of,  69,  102;  Publica- 
tion of  Discussion  on  Report  of. 
Authorized,  69,  103;  Resolution 
of  Board  of  Direction  Rehxtive 
to    Discharge   of,    416. 

Committee  on  Library. — Appoint- 
ment of,   78. 

Committee  on  Materials  for  Road 
Construction. — Progress  Report 
of,  68,  85;  Discussion  of  Pro- 
gress Report  of,  85 ;  Minutes  of 
Special  Meetings  for  Discussion 
of  Report  of,  74,  75;  Minutes  of 
Meetings  of.  353,  482.  655,  709, 
768;  Special  Meetings  for  Dis- 
cussion of  Report  of,  Authorized. 
698. 

Committee  on  Nominations. — Report 
of  Tellers  Appointed  to  Canvass 
Suggestions     for,      68,      76,      81; 


COMMITTEE. 

Presents  List  of  Nominees,  650, 
697. 

Committee  on  Proposed  Reserve 
Corps  of  Engineers, — Progress 
Report  of,   77. 

Committee  on  Publications. — Ap- 
]iointment  of,  78. 

Committee  on  Resolutions  Relative 
to  Mobilization,  etc.,  of  the  Re- 
sources of  the  Country. — Ap- 
pointment of,  78. 

(  oiiiniittee  on  Sequence  of  Annual 
Conventions. — Report  of,  697, 
699. 

Committee  on  Steel  Columns  and 
Struts. — Minutes  of  Meetings  of, 
9,  198,  354,  599,  708,  769; 
Progress  Report  of,  69,  97;  Ap- 
propriation by  Bethlehem  Steel 
Company  for  Work  of,  416, 

Committee  on  the  Licensing  of  Archi- 
tects, etc.— Report  of.  77,  140; 
Members  of.    141. 

Committee  on  Valuation  of  Public 
Utilities. — Progress  Report  of, 
69,  101;  Minutes  of  Meetings  of, 
149,   355,   483,   709. 

Committee  to  Codify  Present  Practice 
on  the  Bearing  Value  of  Soils  for 
Foundations,  etc. — Progress  Re- 
port of,   69,   103. 

Comnnttee  to  Consider  Proposed 
Movement  of  Society  Head- 
quarters.— Report   of,   77,    130. 

Committee  to  Investigate  the  Condi- 
tions of  Employment  of,  and 
Compensation  of,  Civil  Engineers. 
— Progress  Report  of,  69,  103; 
Minutes  of  Meetings  of,  148,  708. 

Committee  to  Recommend  the  Award 
of  Prizes.— Report  of,  68,  76,  80; 
Appointment  of.   698. 

Committee  to  Report  on  Stresses  in 
Railroad  Track. — Progress  Re- 
port of,  69,  103;  Minutes  of 
Meetings  of,  352.  482;  Appro- 
priation by  Bethlehem  Steel 
Company  for  Work  of.  416;  New 
Member  Appointed,  416;  Appro- 
priation by  Cambria  Steel  Com- 
pany  for   Work   of,   697. 

Committee  to  Represent  Society  at 
Water  Power  Development  Con- 
ference.— Appointment  Author- 
ized, 698. 


COMMITTEES. 


CORLETT. 


Committees    of    the    Society. — Resolu- 
tion of  Board  of  Direction  Rela- 
tive to  Membership  of  President 
on,  416. 
Committees  of  the  Society.     See  also 

Joint  Committees. 
Committees,  Special. — Minutes  of 
Meetings  of,  9.  148,  198,  256, 
352,  481,  599,  655,  708,  768,  769; 
Appropriations  by  Board  of  Di- 
rection for  Work  of  314;  Re- 
port of  Committee  of  Board  of 
Direction  on,  414. 
CoNARD,   Robert   Allex. — Elected   an 

Associate   ^lember,    406. 
Concrete     and     Reinforced     Concrete, 
Special  Committee  on. — Progress 
Report    of,    69,    97;    Minutes    of 
Meetings  of,  256,   353,  481;    Dis- 
cussion Relative  to  Discharge  of, 
409,   433. 
Conference  Committee  of  Engineering 
Societies.      See   Joint    Conference 
Committee    of     Engineering    So- 
cieties. 
CoNKLiNO,    Claud    Clifford.— Death 

announced,   404. 
CoNLEY,      Clyde      Greyson. — Trans- 
ferred to  Grade  of  Member,  407. 
CoNLON.    Frank   Jcsetii. — Death   an- 
nounced, 592. 
CoNNELL,     WiLLiA^r     H. — DiscussioH 

by,    75. 
Connelly.  Joseph  A.  A. — Discussion 

by,  649. 
CoNNET,  Oliver  Weston. — Elected  a 

Member.    311. 
Constitution.  Proposed  Revision  of. — 
Report   of   Tellers    Appointed    to 
Canvass      Ballot     on      Questions 
Relative  to,  310. 
"Control    of    the    Colorado    River    as 
Related     to     the     Protection     of 
Imperial    Valley."    presented   and 
discussed,  591. 
CoNWAY%  Clarence  Dexter. — Elected 

a   Junior,    756. 
Conway,    NoR^rAN    Butler. — -Elected 

an  Associate  Member,  70. 
Cook,  Paul  Darwix. — Transferred  to 

Grade  of  Member.  412. 
CooLEY,  M.   E. — On  Library   Commit- 
tee,  78. 
Coo  M  B  s  ,     Donald     Gladstone. — 
Elected   a  Junior,   648. 


Corlett,  William  Greenfield. — 
Transferred  to  Grade  of  Asso- 
ciate   Member,    408. 

CoRTELYOU,  Frank  Morgan. — Elected 
an   Associate   Member,    244. 

CoRTHELL,  Elmer  Lawrence. — 
Elected  President,  74,  113;  Ad- 
dress by,  74,  114;  On  Committee 
on  Resolutions  Relative  to  Mobil- 
ization, etc.,  of  the  Resources  of 
the  Country,  78 ;  Presides  at 
Meeting,  191;  Discussion  by, 
191,  248,  310,  322;  Death  an- 
nounced. 403,  414;  Telegram 
from  District  of  Columbia  As- 
sociation Relative  to  Death  of. 
403;  Resolution  Relative  to 
Death  of.  404,  410,  414,   445. 

Cotter,  Carl  Henry. — Elected  a 
Junior,    756. 

Cotton,  William  Owen. — Elected  a 
Junior,   72. 

Cottrell,  Frederick  William. — 
Elected  an  Associate  Member,  406. 

CowDEN,  Stanley  Demalayne. — 
Elected  an  Associate  Member,  694. 

CowiE,  Harry  James. — Transferred 
to   Grade   of   Member,   412. 

CowiN,  James. — Elected  an  Asso- 
ciate  Member,   244. 

Cox,  John  Joseph. — Elected  an  As- 
sociate Member,  311. 

Cox,  Leonard  M. — Discussion  by,  405. 

Cbandall,  Carl. — Transferred  to 
Grade  of  Associate  Member,  757. 

Craven,  Alfred. — Elected  a  Vice- 
President,  74,  113;  On  Finance 
Committee,  78 ;  Presides  at 
Meeting,   403,    696. 

Crawford,  George  Lenox. — Death 
announced,  247. 

Creager,  William  P. — Paper  by,  2. 

Cresson,  B.  F.,  Jr. — On  Joint  Pan- 
American  Engineering  Commit- 
tee,   142,    314. 

Crocker,  H.  S. — On  Library  Com- 
mittee, 78;  Discussion  by,  310. 
341 ;  On  Committee  on  Exten- 
sion of  U.  S.  Weather  Bureau 
Service,   314. 

Croes  Medal.— Award  of,  68.  81. 

Crooks,  Harold  Joseph. — Elected  an 
Associate   Member,    406. 

Crosby,  W.  W. — Presents  Progress 
Report  of  Special  Committee  on 
Materials  for  Road  Construction, 


XI 


CROSS. 


DAVIS. 


68.  85;  Presides  at  Meetings,  74, 
75;   Discussion  by,  75. 

Cross.  Hardy. — Elected  an  Asso- 
ciate  ^leniber,   311. 

Crowley,  Charles  James. — Elected 
a   Member,   094. 

CuMMiNGs.  Robert  A. — Presents 
Progress  Report  of  Special  Com- 
mittee to  Codify  Present  Prac- 
tice on  the  Bearing  Value  of 
Soils  for  Foundations,  etc.,  69, 
103;  On  Local  Committee  of  Ar- 
rangements for  Annual  Conven- 
tion. 74,   76.   111. 

CuJiMiNS,  Charles  Albert. — Elected 
an  Associate  Member,  646. 

Cunningham,  David  West. — Death 
announced.  408. 

Cunningham,  Max  Lee. — Trans- 
ferred to  Grade  of  Member,  695. 

CuNTZ,  William  Cooper. — Death  an- 
nounced, 754. 

Current  Engineering  Literatvire,  37, 
161,  214.  279,  374,  527,  616,  673, 
727,  783. 

Currey,  John  Waggoner. — Trans- 
ferred to  Grade  of  Associate 
^Member,  757. 

Currie,  Thomas  Austin,  Jr. — Elected 
an  Associate  Member,   646. 


Dading,  Charles  Henry. — Elected 
an  Associate  Member,  646. 

Daniels,  Arthur. — Elected  an  Asso- 
ciate Member,  70. 

Danzilli,  Alfred  Michael. — Elected 
a  Junior,  72. 

Darling,  W.  L. — Nominated  as  Di- 
rector, 650. 

Dater,  Philip  Herrick.- — Trans- 
ferred to  Grade  of  Member,  245. 

Davidson,  ^^'ILLIAM  Clarence. — 
Elected  an  Associate  ^lernber,  70. 

Davies.  Herbert  Arthur. — Elected  a 
Junior.   245. 

Davies,  J.  Vipond. — On  Library 
Committee,  78;  Appointed  Repre- 
sentative of  Society  in  United 
Engineering  Society,  460,  469 ; 
Appointed  Representative  of  So- 
ciety on  Library  Board  of  United 
Engineering  Society,  G97. 

Davis,  Arthur  P. — Is'ominated  as 
Director,   650. 


Davis,  Chandler. — On  Joint  Pan- 
American  Engineering  Commit- 
tee, 142,  314. 

Davis,  Daniel  Elias. — Transferred 
to  Grade  of  Associate  Member, 
72. 

Davis,  Frank  Hill. — Elected  an  As- 
sociate Member,  406. 

Davis,  Frederick  Augustus  Wil- 
liam.— Elected  a  Junior,  312. 

Davison,  Allen  Stewart. — Trans- 
ferred to  Grade  of  Associate 
Member,    757. 

Davison,  George  S. — On  Local  Com- 
mittee of  Arrangements  for 
Annual  Convention,  74,  76,  111; 
Presides  at  Meeting,  409,  418; 
Announcements  b}%  411,  447. 

Dawson,  William  Edward. — Elected 
an  Associate  Member,  646. 

Day,  Charles  Ivan. — Elected  an  As- 
sociate ^Member,  755. 

Day,  William  Peyton. — Transferred 
to  Grade  of  Member,  695. 

Dedicke,  Ernest  Charles. — Elected 
a   Junior,    756. 

Degnon,  Norman  George. — Elected 
an  Associate  Member,  694. 

DE  LA  GuARDiA,  GuiLLERMO. — Elected 
a  Junior,  312. 

De  La  Mater,  Stephen  Trues  dell. 
— Transferred  to  Grade  of  Mem- 
ber, 73. 

DE  Lara,  Frank  Belasco. — Elected 
an  Associate  Member,  694. 

Delson,  Isidore. — Elected  an  Asso- 
ciate Member.  244. 

De  Moss,  Samuel. — Elected  a  Jun- 
ior, 756. 

Dennis,  Thomas  Henry. — Elected  an 
Associate  Member,  70. 

Densler,  Frank  Haskell. — Trans- 
ferred to  Grade  of  Associate 
Member,    757. 

Dent,  Elliott  J. — Paper  by,  405. 

Derickson,  Donald. — Transferred  to 
Grade  of  Member,  408. 

Derr,  Homer  Munro. — Transferred 
to  Grade  of  Member,  73. 

Derrick,  John  Russell. — Trans- 
ferred to  Grade  of  Associate 
IMember,   648. 

'"Designing  an  Eartli  Dam  Having  a 
Gravel  Foundation,  with  the  Re- 
sults    Obtained     in     Tests    on     a 


XII 


DETROIT. 


ECKERT. 


Model,"  presented  and  discussed, 
309. 

Detroit  Association  of  Members. — 
Constitution  Approved,  698. 

DiMMLER,  Charles  Louis. — Trans- 
ferred to  Grade  of  Associate 
Member,  313. 

Dingle,  James  Hervey. — Transferred 
to   Grade   of  Member,   756. 

Dingman,  Charles  Francis.  — 
Elected  an  Associate  Member, 
755. 

District  of  Columbia  Association. — 
Telegram  from,  Relative  to 
Death  of  Elmer  Lawrence  Cor- 
thell,  403;  Constitution  Ap- 
proved, 417. 

Dodge,  Frank  Earle. — Transferred 
to  Grade  of  Associate  Member, 
413. 

Dodge,  Grenville  Mellen. — Death 
announced,  2. 

Dougherty,  Edward  James. — Elected 
a   Junior,    312. 

Doughty,  Frank. — Elected  an  Asso- 
ciate Member,  244. 

Dow,  Hezekiah  Shailer. — Elected  a 
Junior,  312. 

Downing,  Carl  E. — Transferred  to 
Grade  of  Associate  Member,  72. 

Driscoll.  William. — Elected  an  As- 
sociate Member,  646. 

Drowne.  H.  B. — Discussion  by,  75. 

Duck,  Allen  Douglas. — Elected  an 
Associate  Member,  646. 

Dudley,  Frederic  Leslie. — Elected  a 
Member,  694. 

Dunn,  Daniel  Burke. — Death  an- 
nounced, 248. 

Dunn,  Gano. — Elected  a  Member,  754. 

Dupuy,  Alberto. — Elected  a  Junior, 
648. 

DuRANT,  William  Bullabd. — Trans- 
ferred to  Grade  of  Associate 
Member,  648. 

Dubfee,  Joseph  Jay. — Transferred  to 
Grade  of  Associate  Member,  72. 

Durham,  H.  W.— Discussion  by,  75. 

Duryea,  Edwin,  Jr. — Elected  a  Di- 
rector, 74,  113. 

Easton,  Russell  Burns. — Trans- 
ferred to  Grade  of  Associate 
Member,    757. 

Eckersley,  J.  0. — Presides  at  Meet- 
ing,  192. 


Eckert,  Otto  Elis. — Elected  an  As- 
sociate Member,  694. 

Edwards,  George  Garrett. — Elected 
an  Associate  ^Member,  70. 

Edwards,  Hugh  Robert. — Elected  a 
Member,  694. 

Edwards,  Llewellyn  Nathaniel. — ; 
Transferred  to  Grade  of  Member, 
73. 

Edwards,  Raymond  Arden. — Trans- 
ferred to  Grade  of  Associate 
Member,    757. 

Elder,  James  Harry. — Elected  an 
Associate  Member,  694. 

Elliott,  Malcolm. — Discussion  by, 
309;  Transferred  to  Grade  of 
Member,  412. 

Ellis,  George  Henry. — Paper  by, 
243. 

Ellis,  John  Waldo. — Death  an- 
nounced, 697. 

Ellis,  Nathan  Randall. — Elected  a 
Member,  411. 

Ellison,  Alexander  Hall. — Elected 
a  Junior,  245. 

Ellms,  Joseph  W.,  and  John  S. 
Gettrust. — Paper  by,  192. 

Ellsworth,  Emory  Alexander. — 
Death  announced,  2. 

Ei.tinge,  Orville  Lamont. — Trans- 
ferred to  Grade  of  Associate 
Member,  408. 

Ely,  Theodore  Newel. — Death  an- 
nounced, 697. 

Embury,  Aymar,  2d. — Elected  an 
Associate   Member,   755. 

Enger,  Arthur  Ludwig. — Transferred 
to  Grade  of  Associate  Member, 
648. 

Engh,  Arthur. — Elected  an  Associate 
Member,  72. 

"Engineering  Education,"  Address  on, 
69,   98. 

Engineering  Education,  Special  Com- 
mittee on. — Progress  Report  of, 
69,  97. 

"Engineering  Fallacies,"  Address  on, 
404. 

Engineering,  Government  Competi- 
tion in. — Statement  Relative  to, 
410,  446. 

Engineering  Societies,  Joint  Confer- 
ence Committee  of. — Appoint- 
ment of  Representatives  on,  Au- 
thorized, 76;  Appointment  of 
Representatives  on,   142;    Resolu- 
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ENGINEERING. 

tiona  of  Hoard  of  Direction  Rela- 
tive to  Increase  in  Menibersliip 
of,  315;  Resolution  of,  Relative 
to  Development  of  Country's 
Water  Power,  470. 

Engineering  Societies.  See  also  Na- 
tional Engineering  Societies. 

Engineers,  Reserve  Corps  of.  See 
Reserve  Corps  of  Engineers. 

Engstrom,  Frans.  —  Death  an- 
nonncerl,  313. 

Everett,  Frederic  Elwin.— Elected 
an    Associate    Member,    70. 

Everett.  Ralph  Rurrow.s.— Elected 
a  Junior,  756. 


Fahy.  Joseph  Augustine. — Elected 
an  Associate  jMeniber,  311. 

FAinLEY,  Lloyd  Harrison. — Trans- 
ferred to  Grade  of  Associate 
Member,  408. 

Faris,  Robert  Lee. — Elected  a  Mem- 
ber, 244. 

Faude,  Frederic  Morris. — Elected  an 
Associate  Member,  70. 

Fawcett,  Luther  Thomas. — Elected 
an  Associate  Member,  411. 

Fawcett,  Philip  Norrison. — Elected 
an  Associate  Member,  646. 

Feild.  Julian  Clarence. — Elected 
an  Associate  Member,  72. 

Fenno,  Edward  Kimball. — Elected 
an  Associate,  647. 

Ferguson,  Harry  Foster. — Elected 
a   Junior,  412. 

Ferguson,  Wilbur  Earle. — Elected 
an  Associate  Member,  406. 

Ferry',   Charles  A. — Paper  by,   753. 

Fiebeger,  G.  J. — On  Committee  to 
Recommend  the  Award  of  Prizes, 
698. 

Fiesel,  Richard  A. — Discussion  by, 
191. 

Finance  Committee.  —  Appointment 
of,  78. 

Finch,  Frank  Hamilton. — Elected 
an  Associate  Member,   755. 

Fitch,  Asa  Betts.  —  Death  an- 
nounced, 248. 

Fitch,  Squire  Earnest. — Trans- 
ferred to  Grade  of  Member,  73. 

FitzGerald,  Desmond.  —  Presents 
Progress  Report  of  Special  Com- 
mittee on  Engineering  Educa- 
tion, 69,  97. 


FITZGERALD. 

l-'rizoERALD,  Walter  Lewis. — Trans- 
ferred to  Grade  of  Member,  412. 

FnvGERAi.D,  William  Edward. — 
Elected   a  Junior,   407. 

FixEN,  Victor  Leroy. — Elected  an 
Associate  Member,  646. 

Fleischmann,  Leon. — Elected  an  As- 
sociate Member,  694. 

Flinn,  Alfred  D. — On  Joint  Con- 
ference Committee  of  Engineer- 
ing Societies,  142;  Nominated  as 
Director,  650;  Appointed  Repre- 
sentative of  Society  on  Library 
Board  of  United  Engineering 
Society,  697;   Discussion  by,  754. 

Floods  and  Flood  Prevention.  Special 
Committee  on. — Progress  Report 
of,  69,  97;  Discussion  Relative 
to  Continuation  of,  69,  102;  Pub- 
lication of  Discussion  on  Report 
of.  Authorized,  69.  103;  Reso- 
lution of  Board  of  Direction  Re- 
lative to  Discharge  of,  416. 

Floy,  Henry. — Death  announced, 
408. 

Flynn,  Harry  Franklin. — Elected 
an  Associate  TNIember,  70. 

P'oGG,  Alden  Knowlton. — Elected  a 
Junior,  71. 

Follett.  William  W. — Death  an- 
notmced.   73,   111. 

Forbes,  James  Hyde. — Elected  a 
Junior,  695. 

FoRSTER.  Alexander  Sylvester. — 
Elected  an  Associate  Member, 
406. 

Fort,  E.  J. — On  Nominating  Com- 
mittee,  68,   81. 

Fortney,  Camden  Page. — Trans- 
ferred to  Grade  of  Member,  648. 

Foster,  Herbert  Bismarck. — Trans- 
ferred to  Grade  of  Associate 
Member,  696. 

Foster,  Norman. — Elected  an  Asso- 
ciate  Member,   694. 

Foster,  Walter  Linder. — Elected  an 
Associate  Member,  406. 

FouHY,  James  F. — Discussion  by, 
649. 

FouiLHOux,  Jacques  Andre. — Trans- 
ferred to  Grade  of  Member,  695. 

Fox,  Abraham  Manuel. — Elected  a 
Junior,  756. 

Fox,  William  Frederick. — Trans- 
ferred to  Grade  of  Associate 
Member,  313. 
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FRAME.  GIDLEY. 

Frame,    Stanley    Howard. — Elected    Gidley,    Albert     Benedict. — Elected 

an  Aa-sociate  Member,  411.  an  Associate  Member,  72. 

Frank,     George     Stedman. — Elected    Giesen,    Walter    Edward.  —  Elected 

an  Associate  Member.   755.  an   Associate  Member,   755. 

Frankland,    Frederick    Herston. —   Gilfillan,    George    Aiken.  —  Death 

Elected    an    Associate    Member,  announced,  248. 

406.  GiLLEN,    Francis     Fair. — Elected    a 

Fraser,    Lee. — Elected    an    Associate  Member.  405. 

Member,  311.  '  Gillen,  W.  J. — Discussion  by,  248. 

Frazier,   F'orrest  Fay'e. — Elected  an   Gillis,    Ridgway   Mills. — Elected   a 

Associate  Member,  406.  Member,  311. 

French,    James    B. — Discussion    by,  Gilman,  Edgar  Dow. — Transferred  to 

753.  Grade  of  Associate  Member,  648. 

Frick,  Orlando  Henry. — Elected  an    Gilman,    James    Moseley.  —  Elected 

Associate  Member,  72.  an  Associate  Member,  244. 

Friedman,    Harry    Bayard. — Elected    Godfrey,    Edward.  —  Discussion    by, 

an  Associate  Member,  244.  247. 

Friend,    Fred    Foraker. — Elected   an    Godfrey,    Stuart    Chapin.  —  Trans- 
Associate  Member,  311.  ferred     to     Grade     of     Associate 
Frisbie,     Henry     Charles.  —  Trans-           Member,  648. 

ferred     to     Grade    of    Associate   Goodman,  Frank  Raymond. — Elected 

Member,  696.  an   Associate  Member,  411. 

Frost,     Edward    Murray.  —  Trans-   Goodman,    Joseph.  —  Transferred    to 

ferred     to     Grade     of     Associate  Grade  of  Member,  695. 

Member,  413.  Goodrich,  E.  P. — Discussion  by,  75. 

Fuller,     George     W. — Presides     at    Goodrich,     Ralph     Dickinson.  — 

Meeting,     1;     Discussion    by,     1,  Elected  a  Member,  694. 

192;   On  Finance  Committee,  78.    Gotwals,    John    Carl. — Transferred 

to    Grade    of   Associate    Member, 
757. 
Gaby,    Frederick    Arthur. — Elected   Gowdy,    Roy    Cotsworth.  —  Trans- 

a   Member,   694.  ferred  to  Grade  of  Member,  73. 

Gallogly,     Alexander     Vincent. —  Gram,   Lewis   Merritt. — -Transferred 

Elected     an     Associate     Member,  to  Grade  of  ]\lember,  756. 

646.  Gray,  Harold  Farnsworth. — Trans- 

Gamble,  Neil  McAdory. — Elected  an  ferred     to     Grade     of     Associate 

Associate   Member,   755.  Member,  246. 

Garcia,  Pedro. — Elected  a  Junior,  71.    Gray,   Samuel  M. — Address  by,  409, 
Gaylord,    Laurence    Timmerman. —  429. 

Transferred    to    Grade    of    Alem-   Greacen,      John      Lyle. — Elected    a 

ber,  695.  Junior,   412. 

Gebhardt,  John  Frederick  William.    Greely,    Frank    Stickney. — Elected 

—Transferred  to  Grade  of  Asso-  an  Associate  Member,  311. 

ciate  Member,   757.  Green,  P.  E. — Discussion  by,  75. 

Gelston,  William  Richard. — Elected    Green,     Theodore.  —  Transferred    to 

an  Associate  Member,  640.  Grade  of  Member,  408. 

Gelwix,     Daniel    Edmund. — Elected   Greenough,  W.  B. — Discussion  by,  75. 

an  Associate  Member,  694.  Greenway,  John  Owen. — Elected  an 

George,  Sidney'  Howard. — Elected  an  Associate  Member,   72. 

Associate   Member,    755.  Gregory,    John    H. — Discussion    by, 

Gerber,    Winfred    Dean. — Elected    a  192. 

Member,  694.  Gregory,      W.     B. — On     Nominating 

Gettrust,  John   S.,   and  Joseph   W.  Committee,  68,  84. 

Ellms. — Paper  by,   192.  Greiner,  J.   E. — Awarded   the  James 

GiAVER,    Joachim    Gotsche. — Elected  Laurie  Prize,  68,  81;  On  Publica- 

a  Member,  646.  tion   Committee,  78. 
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ORIEST. 


HAMMOND. 


Hrikst.    ^Maltrick.  —  Discussion    by. 

(iKKius,  Theodore  Gilman. — Elected 
an  Associate  JNIember,  694. 

Grigsisy.  Walter  Berton. — Elected  a 
Junior.  695. 

Grimm,  Carl  Robert.  —  Death  an- 
nounced. 248. 

GRiM>r,  Claude  Irving. — Elected  an 
Associate  ^Member.  694. 

Groat,  Bex.jamin  F. — Paper  by,  1 ; 
Discussion  by,  1. 

Gross,  Daniel  Wingerd.  —  Trans- 
ferred to  Grade  of  Member,  412. 

Gross,  Frederick  Henry. — Elected  a 
Junior,  407. 

Grosvenor,  A.sa  Waters. — Elected  an 
Associate    Member,    755. 

Grove,  William  Garrett. — Elected 
an  Associate  Member,  311. 

Grover,  William  Albert.  —  Elected 
an  Associate  Member,  646. 

Grunsky,   C.   E. — Discussion  by,  309. 

Guerdrum,  George  Hagbart.  — 
Elected  an  As.sociate  Member, 
406. 

Guinotte.  John. — Elected  an  Asso- 
ciate ^Member,  411. 

Gunther,  Herman  Dietrich,  — 
Elected  a  Junior,  695. 

Guppy',  John  Lechmere. — Elected  an 
Associate  Member,  646. 

Gutman,  David. — Discussion  by,  75. 

GuYTON,  Moses  Josiah. — Elected  an 
Associate  Member,  244. 


Hadwen.  Theodore  Lovel  Donner. 
— Transferred  to  Grade  of  ]Mem- 
ber,    246. 

Hall.  George  Foden  Rooking. — 
Elected  a  Junior,  71. 

Hall,  Henry  Arthur. — Death  an- 
nounced,  592. 

Hall,  Herman. — Elected  a  Member, 
244. 

Hall,  Julius  Reed. — Transferred  to 
Grade   of   Member,   73. 

Hall,  William  Norman. — Elected 
an   Associate  ^lember,    70. 

Hallett,  James  Hendricks.  — 
Elected  an  Associate  Member, 
411. 

Hamilton,  Peter  Davidson  Gunn. 
— Transferred  to  Grade  of  As- 
sociate ]\Iember.  648. 


Hammond,  Henry  Dennis. — Elected 
an   Associate   Member,   244. 

Hanink,  Herman  Henry. — Elected 
an   Associate   Member,   646. 

Hapgood,  Frederic  Herbert.  — 
Elected  a  Junior,  245. 

Hardaway',  Benjamin  Hurt,  Jr. — 
Elected  a  Junior,  648. 

Hardesty,  8hortridge. — Transferred 
to  Grade  of  Associate  Member, 
246. 

Hare,  Harlan  Tylee. — Elected  an 
Associate  Member,  646. 

Harrington,  Walton. — Elected  a 
Junior,  648. 

Hart,  Laurance  Hastings. — Trans- 
ferred to  Grade  of  Associate 
Member,  413. 

Hart,  Samuel  Alexander. — Elected 
an  As.sociate  Member,  694. 

Harte,  Charles  Rufus. — Discussion 
by,  649. 

Hartung,  Paul  August. — Trans- 
ferred to  Grade  of  Member,  312. 

Harwood,  George  A. — On  Library 
Committee,  78;  Appointed  Rep- 
resentative of  Society  on  Library 
Board  of  United  Engineering 
Society,   697. 

Haskins,  Charles  Arthur. — Elected 
an  Associate  Member,   411. 

Hastings,  Hudson  Bridge. — Trans- 
ferred to  Grade  of  Associate 
Member,  246. 

Hastings,  Russell  Platt. — Trans- 
ferred to  Grade  of  Associate 
]\Iember,   408. 

Hathaway,  Clifford  Murray.  — 
Transferred  to  Grade  of  Asso- 
ciate Member,  247. 

Hatch,  Fletcher  Ames. — Elected  an 
Associate   Member,    70. 

Hattori,  Seizo. — Elected  an  Asso- 
ciate Member,  72. 

Hauke,  Charles  Royce. — Trans- 
ferred to  Grade  of  Associate 
Member,   648. 

Haupt,   L.  M. — Discussion  by,  405. 

Havens,  William  Louis. — Elected  a 
Junior,  695. 

Hayden,  Beauford  Emmett.  — 
Elected  an  Associate  Member, 
70. 

Hayden,  Frank  Demetrius.  — 
Elected  an  Associate  Member, 
406. 
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llAYDOCK. 


HEYSER. 


Haydock,  Charles. — Transferred  to 
C4r:ule  of  Associate  Member,  757. 

Hayes,  Harry  Riddel. — Transferred 
to  Grade  of  Associate  Member, 
247. 

Hays,  James  B. — Paper  b_y,  309. 

Hazen,  Allen. — Awarded  the  Nor- 
man Medal,  68,  80. 

Heald,  Eugene  Hamiltox. — Elected 
a  Member,  411. 

Hedges,  Samuel  H. — On  Committee 
on  Extension  of  U.  S.  Weatber 
Bureau   Service,  314. 

Heerleix.  Robert  William.  — 
I'^lected  an  Associate  Member, 
40(5. 

Heffelfinger,  John  jMilton,  Jr. — 
Elected  a  Junior,   412. 

Heilbronxer,  Leon  Cohen. — Ti-ans- 
ferred  to  Grade  of  Associate 
Member,  408. 

Helling,  Harry  ALBERTUs.^Trans- 
f  erred  to  Grade  of  Associate 
IVrember,  247. 

Henning,  Charles  Sumner,  Jr. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  72. 

Henry,  P.  W. — On  Joint  Pan-Amer- 
ican Engineering  Committee, 
142,  314. 

Herbold,  Carl  jAMES.^Elected  an 
Associate   Member,    G4(i. 

Hereford,  Lewis  Stirling. — Elected 
an  Associate  Member,  72. 

Herschel,  Clemens. — On  Committee 
to  Consider  Proposed  Movement 
of  Society  Headquarters,  77;  On 
Finance  Committee,  78;  Discus- 
sion by,  191,  248;  Presides  at 
Meeting,  309,  317,  409,  431;  Ad- 
dress by,  409,  430;  Becomes 
President,  414;  Appointed  Rep- 
resentative of  Society  in  United 
Engineering  Society,  460.  469; 
On  John  Fritz  Medal  Board  of 
Award,  698. 

Herzig,  Solon.  —  Transferred  to 
Grade  of  Associate  Member,  413. 

Heslop,  Paul  Loveridge. — Elected  a 
Junior.  412. 

Hewes.  V.  H. — Presides  at  Meeting, 
313. 

Hew'ett,  Freeman  Reginald.  — 
Elected  an  Associate  Member, 
4n. 


Heyser,      Estill     Samuel. — Elected 

an  Associate  Member,  694. 
HiDER,     Arthur. — Death    announced, 

592. 
Hidinger,    Leroy    Lemoyne.— Trans- 
ferred to  Grade  of  Member,  73. 
Hiesiger,  Charles  Milton.— Elected 

an   Associate   Member,   411. 
Higgins,  Charles  H. — Discussion  by, 

405. 
HiLES,  Elmer   Kirkpatrick. — Elected 

a  Member,  411. 
ITiLL.     James     Jerome. — Deatii     an- 
nounced,  408. 
Hill,     Nicholas      Snowden,     Jr. — 

Elected  a  Member,   694. 
Hill,     William     R. — Nominated     as 

Director,  650. 
IIilpert,    Meier    George. — Elected    a 

Member,  646. 
Hilt,      Fred      Keating. — Elected     a 

Member,  754. 
HiNGSBURG,     Frederick     Charles. — 

Elected     an     Associate     Member, 

400. 
HiRAl,    KiKUMATSU. — Transferred    to 

Grade  of  Associate  Member,  408. 
Hitchcock,      Walter      Andrew.   — 

Elected     an     Associate     Member, 

244. 
Hitt,    Henry    Collins. — Transferred 

to    Grade    of    Associate    Member, 

313. 
HoAD,  W.   C. — On  Special   Committee 

on  A  National  Water  Law,  416. 
HoAG,    Sidney    Willett,    Jr. — Death 

announced,  754. 
Hoar,  Allen. — Distussion  by,  405. 

HOCHENDEL,        ChARLES        ANTHONY. 

Elected  an  Associate  Member, 
400. 

HoDGE,  Henry  W. — On  Joint  Con- 
ference Committee  of  Engineer- 
ing Societies,   142. 

Hogan,  J.   P.- — Discussion  by,   754. 

Hohl.  Leonard  Louis. — Transferred 
to  Grade  of  Associate  Member, 
696. 

HoLBROOK,  Frederick  William 
Doane. — Death   announced,   313. 

HoLMBOE,  Lawrence  Scofield.  — 
Elected  a  Junior,  312. 

IIoLSTMAN,  Frederick  Albert.  — 
Elected  an  Associate  Member, 
311. 
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HOcn'ER.                          .  HUNT. 

Hoover,      Frederick     Ruthrauff. —  Representative     of      Society      in 

Elected  an  Associate  Member,  70.  United  Engineering  Society,  4G0, 

HoPKiNSON,       George       Martin.   —  469;    On  Building  Committee  of 

Elected     an     Associate     Member,  United  Engineering  Society,  409; 

640.  Appointed   Representative  of   So- 

HoRTON,    Charles    Kaapke. — Elected  ciety  on  Library  Board  of  United 

an   Associate   Member,   412.  Engineering     Society,     ()97 ;      On 

HOTCHKiss,        Charles        \Yilcox. —  Committee   of   Arrangements   for 

Death   announced,   697.  Annual  Meeting,   759. 

HouK,   Ivan   Edgar. — Elected  an  As-  Hunt,    Loren    Edward. — Death    an- 

sociate   Member,   244.  nounced,  73,  111. 

Howard,    Gerald    Branch. — Elected  Hunter,    Harry    Griffith. — Elected 

a  Junior,  648.  an  Associate  Member,  406. 

Howard,  J.  W. — Discussion  bj%  75.  Hunter,    Walter    Gladden. — Trans- 

Howard,    James    E. — Discussion    by,  f erred  to  Grade  of  Member,  408. 

192.  Huntley,    Grant. — Elected    an   Asso- 

Howard,   John    Spence. — Elected   an  ciate  Member,  694. 

Associate  Member,   647.  Huntsman,     Frank    C. — Transferred 

Howe,    Frank   Ray. — Traiisferred    to  to    Grade    of   Associate    Member, 

Grade  of  Associate  Member,  649.  247. 

Howe,  Herbert  Frank. — Transferred  Hurlbut.    Charles    Chase.— Trans- 

to  Grade  of  Member,  756.  ferred  to  Grade  of  Member,  246. 

Howe,    Walter   Clark. — Transferred  Husson,       William       Moragne.  — 

to  Grade  of  Member,  756.  Elected  a  Junior,  412. 

Howes,    Benjamin   Alfred. — Elected  Hutton,    Murray    Lee. — Elected    an 

an  Associate  Member,  72.  Associate  Member,  412. 

Rowland,  Leon   David. — Transferred  Hyjean,   Arjhur  David. — Elected   an 

to    Grade    of   Associate    Member,  Associate   Member,   647. 

408. 

Hoyt,    William    Edwin. — Death    an-  Iakisch,  John  Rudolph. — Elected  an 

nounced,   248.  Associate   Member,   311. 

Hubbard,     Prevost. — Discussion    by,  Ibarguen    y    Pi,    Alberto    Angel. — 

75.  Elected  an  Associate  Member,  412. 

HuiE,    Irving    Van    Arnam. — Trans-  Ibarra      Cerezo,      Jose      Maria. — 

ferred     to     Grade     of     Associate  Elected  an  Associate  Member,  412. 

Member,  408.  Ignelzi,    Plinio. — Elected    a    Junior, 

Humphreys,   Alexander  C. — Elected  245. 

a  Director,  74,  113;   On  Publica-  Illinois       Association.  —  Constitution 

tion    Committee,    78;    Discussion  Approved,   417. 

by,   191;    Resolution  by,  Relative  Illuminating       Engineering.  —  Letter 

to     Death     of     Elmer     Lawrence  Relative    to    Lecture    Course    on, 

Corthell,   404.  411,   447. 

Humphreys,   Ewing  Sloan. — Elected  International    Engineering    Congress. 

a  Junior,  72.  — Final    Appropriation    for,    416. 

Humphry,    .jAjrES,    Jr. — Elected    an  Irons,  H.  M. — Address  by,  409,  419. 

Associate  Member,  406.  Irvin,        Richard. — Transferred       to 

Hunt,   Charles   Warren. — On   Cora-  Grade  of  Associate  Member,  72. 

mittee      to      Consider      Proposed  Irwin,    William    Clark. — Elected    a 

Movement   of   Society   Headquar-  Junior,  648. 

ters,    77;    Nominated    for    Secre- 
tary,  78;    Elected  Secretary,   78;  Jackson,        Charles        Thomas.    — 

On    Library    Committee,    78;    On  Elected  an  Associate  Member,  70. 

Committee   on   Resolutions   Rela-  Jackson,  Joseph  Frederick. — Trnns- 

tive   to    Mobilization    of   the    Re-  ferred  to  Grade  of  Member,  413. 

sources  of  the  Country,  78;   Dis-  Jacob,     Elmer     Acred. — Elected     an 

cussion  by,   310,   317;    Appointed  Associate  Member,  694. 
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JACOBS.  JONAH. 

Jacobs,    Charle.s    Clifford. — Elected  neers    Relative   to,    77  ;    Appoint- 

a  Member,   70.  ment  of  Representatives  on,  Au- 

Jacobs,    Robert    H. — Discussion    by,  thorized,    77,    142;    Appointment 

645.  of  Representatives  on,  142,  314. 

Jacobus,   D.   S. — Discussion   by,   310,    Jonah,   Frank  G. — Elected  a  Direc- 

329.  '  tor,    74,    113;    On    Finance    Com- 

Jacques,   Henry  Louis. — Elected   an  mittee,    78;    Discussion   by,    310, 

Associate  Member,  70.  337. 

Jamieson,       Richard       Harvey.  —   Jones,  Edward  Lindley. — Elected  an 

Elected     an     Associate     Member,  Associate  Member,  647. 

755.  Jones,      Fred     Atwood. — Elected     a 

Janni,  a.  C. — Paper  by,  247.  Member,  70. 

■Jaques,      \Yilliam      Henry. — Death    Jones,    Harry    Edward. — Elected    a 

announced,    757.  Junior,  412. 

Jasienski,  John  Frank. — Elected  an   Jonson,     Ernst     F. — Discussion     by. 

Associate  Member,  70.  192,   247,  248. 

Jenkins,       Charles       Melville.  —   Joseph  Jacob. — Elected  a  Junior,  71. 

Elected     an     Associate     Member,    Justin,    Joel    DeWitt. — Transferred 

244.  to  Grade  of  Member,  246. 

•Jenkins,  James  Edgar. — Transferred 

to  Grade  of  Member,  246.  Kaestner,      Albert      Carl. — Trans- 

Jenkins.     Jenks     Bltffum. — Elected  ferred     to     Grade     of     Associate 

a   Member,   311.  Member,  408. 

Jessop,    George    Augustus. — Elected    Kahn,     Moritz. — Elected     an     Asso- 

an   Associate  Member,   406.  ciate  Member,  244. 

Johannesson,    Sigvald. — Transferred   Kaminsky,  Bennett. — Transferred  to 

to  Grade  of  Member,  246.  Grade  of  Associate  Member,  696. 

JoftNSON,  A.  N. — Discussion  by,  75.      Kane,     Irving     Patterson. — Elected 
Johnson,    Charles. — Transferred    to  an  Associate  Member,  71. 

Grade  of  Member,  246.  Katigbak,     Jose     Petronio. — Death 

Johnson,       Francis       Whittier.  —  announced,   757. 

Elected  a  Junior,  648.  Keith,    Herbert    C. — Discussion    by. 

Johnson,       Granville. — Transferred  753. 

to  Grade  of  Member,  73.  Kell,  Ralph   Long. — Elected  an  As- 

Johnson,    Louis    Raub. — Elected    an  sociate  Member,  244. 

Associate   Member,   70.  Kelley,    Earl    Foster. — Elected    an 

Johnson,   Nathan   Clarke. — Elected  Associate   Member,   647. 

an  Associate  Member,  647.  Kelley,     George     Norbert.— Trans- 

JoHNSTON,      John      Howard. — Death  ferred     to     Grade     of     Associate 

announced.    192.  Member,  757. 

Joint    Committee   on   Metric    System.    Kelly,  Hugh  Ambrose. — Transferred 

— Appointment      of     Representa-  to    Grade    of    Associate   Member. 

tives  on,  416.  408;   Discussion  by,  697. 

Joint  Conference  Committee  of  Engi-    Kent.   Zed   Wilber. — Elected   an   As- 

neering     Societies. — Appointment  sociate  Member,  406. 

of    Representatives    on,    Author-    Kercher,    Henry. — Elected    an   Asso- 

ized,   76;    Appointment  of  Repre-  ciate  Member,  311. 

sentatives    on,    142;    Resolutions    Khachadoorian,      Harootun      Hov- 

of    Board    of    Direction    Relative  hannes. — Transferred    to    Grade 

to    Increase    in    Membership    of,  of  Associate  Member,  696. 

315;    Resolution    of.    Relative   to    Khuen,    Richard. — On    Local     Com- 

Development  of  Country's  Water  mittee      of      Arrangements      for 

Power,  470.  '  Annual  Convention,  74,  70,   111; 

Joint       Pan-American       Engineering  Elected  a  Director,  74,  113. 

Committee. — Letter    from    Amer-    Kibbey,     Egerton     Wales. — Elected 

ican  Institute  of  Electrical  Engi-  an  Associate  Member.  244. 


XIX 

KIENLE.  LARSON. 

KiKNLK.     JoHX     AspiN. — Transferred  Lakson,   I^ouis  J. — Elected  a  Junior, 

to    Grade    of    Associate    Member,  407. 

♦>96.  Lasker,    Julius. — Elected    an    Asso- 
KiLHY,       Charles       Christopher. —  ciate  Member.   694. 

Transferred    to    Grade    of    Asso-  l^u,   Percy  Mapes.— Elected  an  As- 

ciate  Member.  72.  sociate  Member,  647. 

Kilkenny.    Tobias    Dillon.— Elected  j^^y.yie  Prize.— Award  of,  68,  81. 

an   Associate   Member    694.  L^^.jg     Fred.— On    Joint    Pan-Amer- 
KiNG.     RoYCE     Daniel.— Elected     an  j^an       Engineering       Committee. 

Associate   Member,    755.  j42    314 

Kinnaird.  Rohert  NEWELL.-Elected  i^^^^on,    Frederick   TYLER.-Elected 

an   Associate  Member,   71  ^^  Associate  Member,  412. 

Kinney,   ^\illiam   Morton. — Discus-  ,  t^      xt      /-,      \t      ■     j.- 

sion     by.      75:      Transferred     to  '^^™^°'  .  E-     N.-On     Nominating 

Grade  of  Associate  Member,  696.  ,       Committee,  68,  84. 

KiRBY,    George    Leslie.— Elected    an  T^eavitt,    Erasmus    Darwin.— Death 

Associate  Member.  71.  announced,  248. 

KiRTLAND,    Elmour    Fitch.— Elected  T^eckie,     Alexander    Ross.— Elected 

an   Associate  Member.   604.  an  Associate  Member,  647. 

Kittredge.     George    W.— Nominated  Lee,    Alonzo    Church.— Elected    an 

as  Vice-President,   650.  Associate  Member,  412. 

Klein,    William    Ignatius. — Elected  Lee,  Arthur  Carl.— Elected  an  As- 

a  ]\Iember.  405.  ,      sociate  Member,  755. 

Kniskern,       Philip       Wheeler.  —  Leeds,   Livingston  Allaire. — Trans- 
Elected  a  Junior,  647.  ferred     to     Grade     of     Associate 
Knowles,    Morris. — On    Local    Com-            Member,  757. 

mittee      of      Arrangements      for  Leffert,  David  Lessing. — Elected  an 

Annual  Convention,  74,  76,  111.  Associate   Member,   755. 

Knutson,     George     Henry. — Trans-  Legar6,  Thomas  Keith. — Elected  an 

ferred     to     Grade     of     Associate  Associate   Member,   244. 

Member,  247.  Legg,   Frank   Gardner,  Jr. — Elected 
Kohl,   Frank   Edward,   Jr. — Elected  an  Associate  Member,   755. 

a  Junior,  756.  Lk     Grand,     Joseph     Mastella.  — 
KoRA,       Dahyabhai       Balabhai.   —  Transferred    to    Grade    of    Asso- 

Elected  a  Junior,  407.  ciate  Member,   696. 

Krause.    Mark    Champion. — Elected  Lehfelt,    Walt    Fred. — Elected    an 

an  Associate  Member.  406.  Associate   Member,   312. 

Kuhn,     James     Irwin. — Elected     an  L  e  h  r  b  a  c  h,     Henry     Gardner.— 

Associate  Member,  311.  Elected  a  Junior,  245. 

KuNZ,      Frederic      Charles. — Deatli  Lemen,  William  Caswell  Smith.— 

announced.  405.  Transferred    to    Grade    of    Mem- 

ber,  246. 

Lambe,  Claude  Milton. — Elected  an  Levy,    Charles    Henry. — Elected    an 

Associate  Member,  71.  Associate  Member,  244. 

Lambert,   Henri   Louis. — Elected    an  Lewis,      Harold     MacLean. — Trans- 
Associate  Member,   755.  ferred     to     Grade     of     Associate 
Lambie.    Chari^es    Sumner. — Trans-  Member,   757. 

ferred  to  Grade  of  Member,  246.  Lewis,    John    H.^On    Special    Com- 
Lander,  Roswell  Sears. — Elected  an  mittee     on     A     National     Water 

Associate  Member,   72.  Law,   416. 

Landreth.    James    Taylor. — Elected  Lewis,   N.   P. — Discussion   by,   697. 

n    Junior.  756.  Libbey,     Valentine     Brousseau.  ^ — 
Langley,  John  Edward. — Elected  an  Elected    a    Junior,    756. 

Associate  Member,  244.  Library. — Accessions  to  the.   24,    152, 
Larmon.  Frank  Perry.— Transferred  202,    259.    358.    486.     603,     658, 

to  Grade  of  :\Iember,  413.  714,    772. 


XX 


LIBRARY. 

Library  Board  of  United  Enpjinepving 
Society. — Appointment  of  Repre- 
sentatives of  Society  on.  697. 

Library  Committee. — Appointment  of, 
78. 

Licensing  of  Architects,  etc..  Com- 
mittee on. — Report  of.  77,  140; 
Members  of,    14L 

LiEB,  Victor. — Elected  an  Associate 
Member,  71. 

Lilly,  RincRLEY  Casey. — Transferred 
to  Grade  of  Associate  Member, 
313. 

Lincoln,  Paul  M. — Discussion  by, 
310,   323. 

LiPARi,  Atttlio  Felix. — Elected  a 
Junior,  69.5. 

LippiNCOTT,  J.  B. — Paper  by,  693. 

Llewellyn,  F.  T. — Discussion  by, 
754. 

LoBO,  Carlos. — Tiansferred  to  Grade 
of  Member,   246.  ' 

Local  Associations.  —  Abstract  of 
Minutes  of  Meetings  of,  5.  8, 
145,  147.  195,  197.  251.  252, 
347.  348,  349,  351,  474,  476,  479, 
594.  597,  598.  652,  704,  705,  706, 
707.  761,  762,  763,  764,  765,  766; 
Letter  to,  Relative  to  Proposed 
Movement  of  Society  Headquar- 
ters. 247 :  Resolution  Relative  to 
Publication  of  Informal  Discus- 
sion on  Relations  of  National  En- 
gineering Societies  witli.  310, 
343;  Report  in  Full  of  Informal 
Discussion  on  Relations  of  Na- 
tional Engineering  Societies  with, 
317;  Constitution  of  District  of 
Columbia  Association  Approved, 
417;  Constitution  of  Illinois  As- 
sociation Approved.  417;  Consti- 
tution of  Utah  Association  Ap- 
proved, 417;  Constitution  of  De- 
troit Association  Appro v'ed.   698. 

Locke,  Charles  Abbott. — Death  an- 
noimced,   2. 

Lock  WOOD,  J.  B.  C. — On  Nominating 
Committee,  68,  85. 

Logan,  Chester  Russel. — Elected  an 
Associate  Member,  244. 

Loida,     Joseph     Louis. — Elected     a 

Junior,   412. 
LoTHHOLZ,  Harry  Charles. — Elected 
a  Member,  405. 


LOUISIANA. 

Louisiana  Association. — Abstract  of 
Minutes   of   Meetings  of,   704. 

Love.  Joseph  Eugene. — Elected  a 
Junior,    756. 

Lowe.  Jesse,  Jr. — Elected  a  Junior, 
71. 

Lowe,  Thomas  Alexander. — Elected 
an  Associate  Member,   244. 

LowETH,  Charles  F. — On  Commit- 
tee to  Consider  Proposed  Move- 
ment of  Society  Headquarters, 
77;  On  Committee  on  the  Licens- 
ing of  Architects,   etc.,   141. 

Lucas,  E.  W.  Van  C. — Discussion 
by,  2;  Letter  from,  Relative  to 
Recruiting  Engineers  in  the 
National   Guard,   404. 

LuEDER,  A.  B.- — Discussion  by,  191. 

LuEDER,  A.  B.,  and  W.  J.  R.  Wilson. 
— Paper    by.    191. 

LuNDiN,  A.   P. — Discussion  by,   405. 

Luther,  Herbert  Lawrence.  — 
Elected  an  Associate  Member, 
406. 

Lyman,  RicHARn  R. — Awarded  the 
J.  James  R.  Croes  Medal,  68,  81. 

Lynch,  John  Francis. — Elected  an 
Associate   Member,   755. 

Lynch,  T.   D. — Discussion  by,   192. 

Lynde.  Clifford.  —  Transferred  to 
Grade  of  Associate  Member,  757. 

Lytie,  Hexdrix  Gilbert. — Elected  a 
Junior,    412. 

MacCrea,    Don    Alexander. — Trans- 
ferred to  Grade  of  Member,  756. 
^FacDoxald,    J.     H. — Discussion    by, 

7.5. 
MacDowell,     Rollin     Fay. — Elected 

an  Associate  Member,  694. 
MacGregor,     R.     a. — Discussion    by, 

75,  248. 
Macintyre,    Robert    Wentworth. — 

Elected  a  Member.  694. 
Mackenzie,  Leon  Roderick. — Elected 

an  Associate  Member,  647. 
Macnab,    G.    T. — Discussion   by,    248. 
McAlpine,      WiLLiAii      Horatio.    — 

Elected  a  Member,   646. 
McArthur,    Charles    Dix. — Elected 

an   Associate  Member,   72. 
McCabe,   John    Joseph. — Elected    an 

Associate  Member,  647. 
McCandi.iss,     Lester     Chipman.  — 

Elected     an     Associate    Member, 

755. 
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Mccarty. 


McNIECE. 


McCARTY,        \\  Il.I.IAM        L  A  M  S  O  N. 

Elected     air    Associate     Member, 
647. 
N[cClain,  (aiu.  Arthur. — Elected  an 
Associate   Member,    647. 

McCi.ELLAN.        r.KOUGE       ABRAHAM.    

Elected  an  Associate  Member, 
312. 

McClixtock.  ITallett  Edward.  — 
Elected  an  Associate,  Member,  71. 

McCoLLOUGH,  Charles  Andrew. — 
Elected  an  Associate  Member, 
755. 

McCoxiB,  Dana  Quick. — Elected  an 
Associate  Member,  71. 

McCrickett.  Thomas  F'rancis. — 
Death  announced,  192. 

McCulloch,  J.  A. — Discussion  bv, 
192. 

McCullough,  Conde  B  a  l  c  o  m. — 
Elected  an  Associate  Member, 
245. 

McDonald,  Hunter. — On  Commit- 
tee to  Consider  Proposed  Move- 
ment of  Society  Headquarters, 
77;  On  Committee  to  Draft 
Resolution  on  Death  of  Elmer 
Lawrence    Corthell,    410,   445. 

McEntire,  Lloyd. — Transferred  to 
Grade  of  Associate  Member,  408. 

McGeehan,  Paul. — Transferred  to 
Grade  of  IMember,  695. 

McGovERX,  T.  J. — Discussion  by,   75. 

McGrath,  John  Kilby. — Elected  an 
Associate  Member,   412. 

McIntyre,  William  Ainsworth. — 
Transferred  to  Grade  of  Member, 
246. 

McKean.  Alexander  Matthews. — 
Elected    a    Junior,    312. 

jNIcKenzie.  Theodore  Hall. — Death 
announced,   405. 

McLaren,  Arthur  A  n  t  h  o  n  y. — 
Transferred  to  Grade  of  Asso- 
ciate  Member,   413. 

McMuLLEN,  Stanley  Hastings. — 
Death  announced.  592. 

McNab,  William. — Resigned  as  Mem- 
ber of  Special  Committee  to  Re- 
port on  Stresses  in  Railroad 
Track,  416. 

McNaugher,  D.  AV. — On  Local  Com- 
mittee of  Arrangements  for  An- 
nual   Convention.    74.    7G,    111. 

McNayr,  George  Everett. — Elected 
an  Associate  Member,   694. 


McNiece,  Charles  Rex. — Elected  an 
Associate   Member,   245. 

McPherson,  R.  H. — Discussion  by, 
247. 

McVea,  John  Crane. — Elected  an 
Associate   Member,   755. 

Madden,  John  H. — Discussion  by, 
645. 

Maeuker,  Erwin. — Elected  an  Asso- 
ciate Member,   647. 

Magruder,  Frank  Cecil.  — Trans- 
ferred to  Grade  of  Member,  312. 

Mais.  Henry  Coathupe. — Death  an- 
nounced,  313. 

Malgxe,  John  Francis,  Jr. — Elected 
a   Junior,   246. 

Mandigo,    C.    R. — Discussion   by,    75. 

M.\ngold,  John  Frederic. — Elected 
an  Associate  Member,  71. 

Manley,  Henry,  Jr. — Elected  an  As- 
sociate  Member,   406. 

Mann,  C.  R. — Address  by,  On  En- 
gineering Education.   69,   98. 

Manwaring,  Roy  Artimus. — Elected 
an  Associate,  647. 

Marburg,  Edgar. — On  Joint  Pan- 
American  Engineering  Commit- 
tee, 142,  314;   Discussion  by,  247. 

Marks,  Edwin  Hall. — Transferred 
to  Grade  of  Associate  Member, 
649. 

Markwart,  Arthur  Herman. — 
Transferred  to  Grade  of  Mem- 
ber,   73. 

Marrian.  Ralph  Richardson. — 
Elected    a  Junior,   312. 

Marx,  Charles  D. — Presides  at 
Meeting,  67,  80;  Discussion  by, 
310,  3.34;  On  Committee  on  Ex- 
tension of  U.  S.  W^eather  Bu- 
reau   Service,    314. 

Massey.  George  Bragg.— Elected  a 
Member,    646. 

Mattimore,  Horatio  Seymour.  — 
Elected  an  Associate  Member, 
71;    Discussion   by,   75. 

Matthew,  Raymond. — Elected  a 
Junior,   407. 

Maxwell,  Donald  Hebard. — Trans- 
ferred to  Grade  of  Associate 
:Member,   313. 

Mayhew,  Alfred  Boardman. — 
Transferred  to  Grade  of  Mem- 
ber,  73. 

Means.  John  Sieman. — ^Elected  a 
Junior,   312. 


XXII 


^MEASUREMENT 


MILLAR. 


"Measurement  of  the  Flow  of 
Streams  by  Approved  Forms  of 
Weirs,  with  New  Formulas  and 
Diagrams,"  Awarded  the  J. 
James  R.  Croes  Medal,  68,  81. 

Meeker,  R.  A. — Discussion  by,  75. 

Meem.  J.   C. — Discussion  by,  649. 

Mehren,   E.    J. — Discussion   by,    697. 

Meister.  Frederick. — Elected  an 
Associate    Member,    412. 

Membership. — Additions.  31,  157, 
206,  266,  363,  499,  608,  661,  717, 
774;  Chancres  of  Address,  207, 
270,  366.  509.  609,  666,  721,  777; 
Reinstatements,  372 ;  Resigna- 
tions, 35,  159,  213,  372,  525, 
726;  Deaths,  36,  160,  213,  278, 
373,  525,  615,  672,  726,  782; 
Rules  Adopted  by  Board  of  Di- 
rection Relative  to  Require- 
ments for  Admission  to,  314, 
344;  New  Form  of  Application 
for  Admission  to.  Adopted  by 
Board   of   Direction,   697. 

Mengel,  Carl  Wayne. — Transferred 
to  Grade  of  Associate  Member, 
247. 

Merriman,  Richard  Mansfield.  — 
Transferred  to  Grade  of  Asso- 
ciate  Member,    73. 

Merwin,  Prentice  Burdette. — 
Elected  an  Associate  Member, 
694. 

Metcalf,  Bradley  Revere. — Elected 
an    Associate    Member,    694. 

Metcalf,  Leonard. — Presents  Prog- 
ress Report  of  Special  Commit- 
tee on  Valuation  of  Public  Util- 
ities,  69,    101. 

"Method  of  Designing  a  Rectangular 
Reinforced  Concrete  Flat  Slab, 
Each  Side  of  Which  Rests  on 
Either  Rigid  or  Yielding  Sup- 
ports," presented  and  discussed, 
247. 

Metric  System,  Joint  Committee  on. — 
Appointment  of  Representatives 
on.   416. 

MiAL.  Bennett  Taylor. — Elected  an 
Associate   Member,   694. 

Michael,  William  W  h  i  p  p  l  e. — 
Elected  an  Associate  Member, 
647. 

MiLKOwsKi.  Victor  John. — Elected 
a  Junior.  756. 


Miliar,  Preston  S. — Letter  from, 
Relative  to  Lecture  Course  on 
Illuminating  Engineering,  411, 
447. 

Millard,  Curtiss. — Death  announced, 
192. 

Miller,  Benjamin  Franklin.  Jr. — 
Elected  an  Associate  Member, 
412. 

Miller,  Cly'de  Leo. — Elected  an  As- 
sociate  Member,   71. 

Miller,  Daniel  Chambers. — Elected 
an  Associate  Member,  694. 

Miller,  Harold  Brown. — Elected  an 
Associate  Member,  412. 

Miller,  Harold  Edmund.  — Trans- 
ferred to  Grade  of  Associate 
Member,  408. 

Miller,  Lora  Walter. — Elected  an 
Associate   Member,   755. 

Miller,  Roy  Everett. — Elected  an 
Associate   Member,   406. 

Miller,  Stanley  Alfred. — Trans- 
ferred to  Grade  of  Member,  413. 

Miller,  William  Franklin. — 
Elected  an  Associate  Member, 
406. 

Minor,  Cyrus  Edward. — Transferred 
to   Grade   of   Member,   413. 

Minutes  of  Meetings  of  Special  Com- 
mittees, 9,  148,  198,  256,  352, 
481,    599,    655,    708,    768,    769. 

]\Iinutes  of  Meetings  of  the  Board  of 
Direction,  76,  77.  78,  314,  315, 
414,  417,  592,  697,  758. 

Minutes  of  Meetings  of  the  Societv. 
1,  2,  67,  74,  75,  80,  191,  192, 
243,  247,  309,  313,  317.  403,  404, 
405,  409,  418.  431,  591.  645,  649, 
693,    696.    753,    754. 

Mitchell,  Arthur  Knox. — Elected 
an   Associate  Member,   755. 

Mitchell,  Louis. — Elected  an  Asso- 
ciate, 245. 

Mobilization,  etc.,  of  the  Resources 
of  the  Country. — Resolutions  Re- 
lative to  the.  69,  105;  Appoint- 
ment of  Committee  on  Resolu- 
tions Relative   to   the,   78. 

"Modern  Pier  Construction  in  New 
York  Harbor,"  Awarded  the 
Thomas  Fitch  Rowland  Prize,  68. 
81. 

MoLLARD,  Charles  Elias. — Elected 
an  Associate  Member,  406. 
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MONT FORT 


XKELD. 


Mo.NTKORT.  l\iciiAi{n. — Beconu'S  Vico- 
President,   414. 

Montlilv  List  of  Engineering  Articles 
of 'interest,  37.  161,  214,  279. 
374.   527,   61G.   673.   727,   783. 

MoNTZHEiMER.  ARTHUR. — Elected  a 
Member.    754. 

Moore.  Clifford  Bennett. — Trans- 
ferred to  Grade  of  Member,  756. 

Moore,   H.   F.— Discussion  by,   192. 

Moots,  Elmer  Earl. — Elected  an  As- 
sociate, 407. 

Morgan.  Earl  Bliss. — Elected  an 
Associate   ^Member.   695. 

Morrison.  William  Grover. — Trans- 
ferred to  Grade  of  Associate 
Member.  649. 

Mortgage  on  Society  House  Cancelled. 
314. 

MoTii,  Robert  Henry. — Elected  an 
Associate   Member,   406. 

iforLTON,  H.  G. — Discussion  bv.  191, 
645. 

MucKLESTON.  H.  B. — Discussion  by. 
243. 

Murray.  James  Powell. — Elected 
an  Associate  Member,   755. 

MuTH,  Frank  Amende. — Elected  an 
Associate  Member,   695. 

Myers,  Erne.st  Lindley. — Elected 
ai}  Associate  Member,   755. 

Myers,    J.    T. — Discussion    by,    75. 

Myers,  .John  H. — Discussion  by,  645. 

Nagler,  Floyd  August. — Elected  a 
Junior.   246. 

Nash,  Paul. — Elected  a  Member,  70. 

National  Academy  of  Sciences. — Rep- 
resentative Appointed  to  Confer 
with   Committee   of,   698. 

National  Engineering  Societies  and 
Local  Associations.  —  Informal 
Discussion  on  Relations  of,  309 ; 
Resolution  Relative  to  Publica- 
tion of  Informal  Discussion  on 
Relations  of.  310.  343;  Report 
in  Full  of  Informal  Discussion  on 
Relations  of,  317. 

National  Water  Law,  Special  Com- 
mittee on  A. — Progress  Report 
of,  68.  97 ;  Resolution  of  Board 
of  Direction  Relative  to  Re-Or- 
ganization  of.   416. 

Naval  Advisory  Board.  — -  Appoint- 
ment of  Representatives  on.  Au- 
thorized.  77. 


Xkelo,  Almos  Davidson. — Elected  a 
Member,   754. 

Nekly,  William  Ridley. — Death  an- 
nounced. 313. 

Neff.  Henry  Conrad. — Elected  a 
Junior.  407. 

N'EWELL.  F.  H. — On  Special  Commit- 
tee on  A  National  Water  Law, 
416. 

Newton,  Jewett  Beach. — Elected  an 
Associate  Member,  647. 

Nichols,  Allen  Eugene. — Elected  an 
Associate   Member,   695. 

NicoLLs,  William  Jasper. — Death 
announced,    192.  • 

Noble  Memorial. — Statement  Relative 
to   the,   411,   449. 

Nolan.  Quinces  Robertus. — Trans- 
ferred to  Grade  of  Associate 
Member,    757. 

XoLEN,  William  Isaac. — Transferred 
to    Grade   of   Member,    648. 

Nominations,  Committee  on.  —  Re- 
port of  Tellers  Appointed  to  Can- 
vass Suggestions  for,  68,  76,  81; 
Presents  List  of  Nominees,  650, 
697. 

NooNAN.  Edward  Joseph. — Elected  a 
Member,    411. 

NoRDELL,  Carl  Hildek. — Elected  an 
Associate  Member,  412. 

Norman  Medal. — Award  of,  68,  80. 

North.  Arthur  Tappan.  —  Trans- 
ferred  to   Grade   of   Member,   73. 

North.  Robert  Gaston. — Elected  an 
Associate  Member,  71. 

Northwestern  Association. — Abstract 
of  Minutes  of  Meeting  of,   764. 

Norton,  Albert  Colwell. — Elected 
an   Associate   Member.   647. 

Norwood.  Edgar  Alva. — Transferred 
to  Grade  of  Associate  Member, 
247. 

NowLiN,  Robert  Aldridge. — Trans- 
ferred to  Grade  of  Associate  Mem- 
ber,  696. 

Noyes,  Arthur  Page. — Elected  a 
Member,   646. 

XoYES,  Harry  Lincoln. — Transferred 
to  Grade  of  Member,  312. 

Oakes,   J.   C. — Discussion   by.   309. 
Oatman,    Fraxklyn    W  i  l  l  i  a  m. — 

Elected  a  Junior,  246. 
O'Brien,   Harry  Neale. — Elected  an 

Associate  Member.  71. 
O'Brien.    J.    H. — Discussion   by,    191. 


XXIV 


OCKERSON. 


PANZER. 


OcKEESON,  John  A. — On  Committee 
to  Consider  Proposed  Movement 
of  Society  Headquarters,  77; 
Resolution  by,  409,  445;  On 
Committee  to  Draft  Resolution 
on  Death  of  Elmer  Lawrence 
Corthell,  410,  445;  Discussion 
by,  591. 

Odoxi,  Vincext  Phillip.  —  Trans- 
ferred to  Grade  of  Member,  73. 

O'DoNNELL,  John  Robert. — Elected 
a  Junior,   407. 

Officers  of  the  Society. — Change  in, 
414;  Resolution  of  Board  of  Di- 
rection Relative  to  Succession  of, 
414. 

O'Hearn,  John  Lynch. — Transferred 
to  Grade  of  Member,  413. 

Oleki,  Frank  John. — Elected  a 
Junior,  246. 

O'Meara,  Robert  Joseph. — Elected 
an   Associate   Member,  245. 

Opdyke,  Stacy  B.,  Jr. — On  Joint 
Committee  to  Report  on  Advis- 
ability of  Adoption  of  Metric 
System,  416. 

Orcutt,  William  Warren. — Elected 
a  Member,   311. 

O'Rourke,  Bernard  John. — Elected 
an  Associate  Member,   245. 

O'Rourke,  John  F. — Discussion  by, 
753. 

OsBORN,  Irwin  Selden. — Transferred 
to  Grade  of  Member,  73. 

Osgood,  Joseph  Otis. — Death  an- 
nounced, 592. 

Osgood,  Manley.  —  Transferred  to 
Grade  of  Associate  Member,  72. 

Owen,  Bartram  Ashmead. — Elected 
a  Junior,   246. 


Page,  Stephen  Eugene. — Transferred 
to  Grade  of  Associate  Member, 
696. 

Pagon,  William  Watters. — Trans- 
ferred to  Grade  of  Member,  648. 

Palen,  Archibald  E. — Elected  an 
Associate   IMember,    72. 

Palmer,  Ray  Ralph. — Elected  an 
Associate  Member,  695. 

Palmer,  Richard  Jeter,  Jr. — Elected 
a   Junior,   695. 

Pan-American  Engineering  Commit- 
tee, iiee  Jf)int  Pan-American 
Engineering  Committee. 


Panzer,    Robert    Rudolph. — Elected 

an  Associate  Member,  406. 
Parker,    Henry    Brackette. — Trans- 
ferred    to     Grade     of     Associate 

Member,   247. 
Parkes,       Lawrence       Gilbert.   — 

Elected     an     Associate    Member, 

245. 
Parmelee,    Louis    Ray. — Elected    an 

Associate   Member,   406. 
Parsons,  H.  de  B. — Address  by,  404; 

Paper    bv,    649 ;     Discussion    by, 

649. 
Parsons,     Harold     Frank. — Elected 

an  Associate  Member,  406. 
Parsons,   W^allace   Emery. — Elected 

an  Associate  Member,  406. 
Parsons,       William       Barclay.  — 

Presents      Progress      Report      of 

Joint     Committee     on     Proposed 

Reserve  Corps  of  Engineers,  77. 
Parthesius,    Philip    Henry. — Death 

announced,  248. 
Partridge,    Archibald    Frederick. — 

Elected     an     Associate    Member, 

406. 
Patterson,     Laurence. — Elected     an 

Associate  Member,  406. 
Patterson,     William     Rodney.    — 

Death   announced,   592. 
Pauls,     Arthur     Leonard. — -Elected 

an  Associate  Member,  406. 
Pearce,  Harry  Ash. — Elected  an  As- 
sociate Member,  312. 
Pearce.    Rufus    Burleson. — Elected 

a  Junior,  756. 
Pease,    Harold    Tapley. — Discussion 

by,  309;  Transferred  to  Grade  of 

Member,    695. 
Peck,     John     Sanford. — Elected     a 

Junior.  756. 
Peck,  Myron  Hall. — Transferred   to 

Grade   of   Member,    246. 
Pegram,    George    H. — Nominated    as 

-President,    650,    697. 
Pennell,    James    Roy. — Elected    an 

Associate  Member,  695. 
Perkins,    William    C.  —  Discussion 

by,  75. 
Perry,     Charles     Edwards. — Trans- 
ferred to  Grade  of  Member,  246. 
Peters.  F.  IL— Paper  by,  697. 
Philadelphia      Association. — Abstract 

of   Minutes   of   Meetings   of,    147, 

349,    705. 
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PHTLTPS. 


PrBL  I  CATION. 


Pllll.irS,  HkCTDU  SOMKUVII.I.K.     — 

]''.lccttHl     an     Associate     Member, 
406. 
PiiiLT.irs,   Augustus   Lyon. — Elected 
a  Member,  411. 

PlCKERSGlI.I,,      WiLLIASr      f'OPELANn. 

Elected  an  Associate  Member,  72. 
Pir.ME.    IIerhekt    Malcolji. — Discus- 
sion    b}-,     192;     Transferred     to 

Grade  of  Associate  ]\Iember,  41.3. 
PiTXEY,     John     James     Garfield. — 

Elected     an     Associate     Member, 

6!)  .5. 
Pi.UMLEY,    jMarion    Stuart. — Elected 

an  Associate   Member,   245. 
Pi.UMP,    Erich    ^Moore. — -Transferred 

to    Grade    of    Associate    Member, 

757. 
Pond.     Willard     Fred. — Elected     an 

Associate   Member,   312. 
Pi).\XER,     Karl     Lewis. — Transferred 

to    Grade    of   Associate    ^lember, 

Portland.  Ore.,  Association. — Abstract 
of  Minutes  of  Meeting  of,  252. 

Post.  Clarence  Willard. — Elected 
an  Associate  jMember,  412. 

Post,  Royal  Elmer. — Elected  an 
Associate   Member,   72. 

PouciiER,  George  Edward. — Elected 
a  ^Member.  754. 

Powers,  C.  V.  V. — Discussion  by, 
()45;  on  Committee  of  Arrange- 
ments  for  Annual   Meeting,   759. 

PowRiE,  William  Robert. — Elected 
a  Member,  SIL 

Prack,  Arthur  Edward. — Elected  a 
Junior,  756. 

Praeger,  Emil. — Elected  a  Junior, 
71. 

Pre.n^tice,  Edward  Harper. — Trans- 
ferred to  Grade  of  Associate 
Member,    313. 

Preston,  Charles  Henry. — Death 
announced,   313. 

Price,  Joseph.  —  Transferred  to 
Grade   of   Associate   IMember,   72. 

Prichard.  Hexry  S. — Paper  by,   192. 

Priest,  Benson  Bulkei.ey. — Trans- 
ferred to  Grade  of  Member,  695. 

Prizes,  Committee  to  Recommend  the 
Award  of. — Report  of,  68,  76, 
80;    Appointment  of,   698. 

Pruett,  Grover  Cleveland. — Trans- 
ferred to  Grade  of  Member,  695. 

Public  Utilities,  Special  Committee 
on    Valuation    of. — Progress    Re- 


port of.  69,  101:  Minutes  of 
Meetings   of.    149.   355,   483,   709. 

Publication  Committee.-  —  Appoint- 
ment of,   78. 

Pu.xG,  William  Sing-Chong.  — 
Elected  a  Junior.  407. 

Ptrcell.  Charles  Henry. — Elected 
an   Associate   Member,   245. 

PiRCELL.  Steuart. — Elected  an  Asso- 
ciate Member,   695. 

Plrtox,  Astley  Bloxam. — Elected 
an    Associate    jMember,    406. 

Pyle.  Fred  Dale. — Elected  an  Asso- 
ciate  jMember,    72. 

Quattlebaum,       Selby. — Elected      a 

Junior,    312. 
QuiMBY,      H.      H. — On      Nominating 

Committee,  68,  84. 
QuiNCY.    Roger    Bradshaw. — Elected 

a  Junior,  71. 

Railroads. — Resolutions  of  Board  of 
Direction  Relative  to  Use  of, 
For  National  Defense,  315. 

Hamey,  Horace  Patton.- — Trans- 
ferred to  Grade  of  Member.  413. 

Ramsay,  William  Gouverneur. — 
Elected  a  Member,  694. 

Rand,  Charles  F. — On  Building 
Committee  of  Ignited  Engineer- 
ing  Society,   469. 

Randolph,  Isham. — Appointed  a  Di- 
rector,  414. 

Randolph,  Spottiswoode  Wellford. 
— Elected  a  Junior,  71. 

Rankin,  Carl  Roy. — Elected  an  As- 
sociate Member,  412. 

Rasmussen,  Bernhard. — Elected  an 
Associate  Member,  312. 

Rathmann,  Louis  Henry. — Death 
announced,  757. 

Ream,  Ward  Hall. — Elected  an  As- 
sociate Member,  312. 

Reed,  Edward  D. — Discussion  by.  75. 

Reeder,  Harry  Calvin. — Elected  an 
Associate   Member,   312. 

Reeves,  Glenn  Stanton. — Elected  a 
Junior,   756. 

Peeves,  W.  F. — Discussion  by,  697. 

Reitze,  Chester  Nelson. — Elected  a 
Member,  646. 

Report  of  Board  of  Direction,  13.  67, 
76,  80. 

Report  of  Committee  of  Board  of 
Direction  on  Special  Committees, 
414. 
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REPORT. 


REPORT. 


Report  of  Committee  on  A  National 
Water  Law,  68,  97. 

Report  of  Committee  on  Concrete 
and  Reinforced  Concrete,  69,  97. 

Report  of  Committee  on  Engineering 
Education,  69,  97. 

Report  of  Committee  on  Extension  of 
U.  S.  Weatlier  Bureau  Service, 
314. 

Report  of  Committee  on  Floods  and 
Flood  Prevention,  69,  97;  Pub- 
lication of  Discussion  on.  Au- 
thorized, 69,  103. 

Report  of  Committee  on  Materials  for 
Road  Construction,  68,  85 ;  Dis- 
cussion of,  85 ;  Minutes  of 
Special  Meetings  for  Discussion 
of,  74,  75 ;  Special  Meetings  for 
Discussion  of.  Authorized,   698. 

Report  of  Committee  on  Nominations, 
697. 

Report  of  Committee  on  Proposed 
Reserve  Corps  of  Engineers,  77. 

Report  of  Committee  on  Sequence  of 
Annual   Conventions,   697,   699. 

Report  of  Committee  on  Steel  Col- 
umns and  Struts,  69,  97. 

Report  of  Committee  on  the  Licens- 
ing of  Architects,  etc.,  77,   140. 

Report  of  Committee  on  Valuation  of 
Public  Utilities,  69,  101. 

Report  of  Committee  to  Codify  Pres- 
ent Practice  on  the  Bearing 
Value  of  Soils  for  Foundations, 
etc.,   69,   103. 

Report  of  Committee  to  Consider 
Proposed  IMovement  of  Society 
Headquarters,   77,   130. 

Report  of  Committee  to  Investigate 
the  Conditions  of  Employment 
of,  and  Compensation  of,  Civil 
Engineers,  69,   103. 

Report  of  Committee  to  Recommend 
the  Award  of  Prizes,   68,  76,  80. 

Report  of  Committee  to  Report  on 
Stresses  in  Railroad  Track,  69, 
103. 

Report  of  Secretary,  20,  67,  80. 

Report  of  Secretary  on  Arrange- 
ments Relative  to  Movement  of 
Society  Headquarters,  698. 

Report  of  Secretary  Relative  to  Time 
and  Place  for  Holding  Forty- 
ninth  Annual  Convention,  409, 
431. 


Report  of  Tellers  Appointed  to  Can- 
vass Ballot  for  Officers,  74,   112. 

Report  of  Tellers  Appointed  to  Can- 
vass Ballot  on  Questions  Rela- 
tive to  Proposed  Revision  of  the 
Constitution,  310. 

Report  of  Tellers  Appointed  to  Can- 
vass Ballot  Relative  to  Proposed 
Movement  of  Society  Headquar- 
ters, 410,  416,  446,  458. 

Report  of  Tellers  Appointed  to  Can- 
vass Suggestions  for  Nominating 
Committee,  68,  76,  81. 

Report  of  Treasurer,  23,  67,  80. 

Reserve  Corps  of  Engineers,  Commit- 
tee on. — Progress  Report  of,  77. 

Resolution  of  Board  of  Direction 
Relative  to  Discharge  of  Special 
Committee  on  Floods  and  Flood 
Prevention,  416. 

Resolution  of  Board  of  Direction 
Relative  to  Functions  of  United 
Engineering  Society,  314. 

Resolution  of  Board  of  Direction 
Relative  to  Its  1916  Meetings,  79, 

Resolution  of  Board  of  Direction 
Relative  to  Membership  of  Presi- 
dent on  Committees,  416. 

Resolution  of  Board  of  Direction 
Relative  to  Re-Organization  of 
Special  Committee  on  A  Na- 
tional Water  Law,  416, 

Resolution  of  Board  of  Direction 
Relative  to  Succession  in  Office, 
414. 

Resolution  of  Joint  Conference  Com- 
mittee of  Engineering  Societies 
Relative  to  Development  of 
Country's  Water  Power,  470. 

Resolution  Relative  to  Death  of 
Elmer  Lawrence  Corthell,  404, 
410,  414,  445. 

Resolution  Relative  to  Publication  of 
Informal  Discussion  on  Relations 
between  National  Engineering 
Societies  and  Local  Associations, 
310,  343. 

Resolutions  of  Board  of  Direction 
Relative  to  Increase  in  Member- 
ship of  Joint  Conference  Com- 
mittee of  Engineering  Societies, 
315. 

Resolutions  of  Board  of  Direction 
Relative  to  Proposed  Movement 
of  Society  Headquarters,  416,459. 
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RESOLUTIONS. 


ROBBINS. 


Resolutions  of  Board  of  Direction 
Relative  to  I'se  of  Railroads  for 
National    Defense,  315. 

Resolutions  of  Thanks  Adopted  at 
Fortv-eighth  Annual  Convention, 
409,   411,   445,   448. 

Resolutions  Relative  to  Mobilization, 
etc.,  of  the  Resources  of  the 
Country,  CO,  105;  Appointment 
of  Committee  on,  78. 

Reswick,  Solomon. — Elected  an  As- 
sociate Member,  647. 

Reussner,  George  Henry. — Elected 
an  Associate  Member,  71. 

Reynolds,  Ralph  Whitney. — Elected 
a  Junior,  756. 

Reynolds,  Robert  Spink. — Elected 
a  Member,  405. 

Rice,  Lindley  JNIarshall. — Elected  a 
Member,  405. 

Richards,  Walter  Alan. — Elected 
a  Junior,  71. 

Richardson,  Clifford. — Discussion 
by,  75. 

Richardson,  Thomas  Franklin. — 
Death  announced,  2. 

Richmond,  Allen  Pierce. — Elected 
a  Junior,  412. 

Ricketts,  Palmer  C. — Elected  a 
Vice-President,  74,  113. 

Ridgway,  Robert. — On  Committee  to 
Consider  Proposed  Movement  of 
Society  Headquarters,  77;  Dis- 
cussion by,  645,  697. 

RiGHTMiRE,  Claude  Henry. — Elected 
an   Associate   ^lember,   755. 

Rights,  Lewis  D. — Nominated  as 
Director,  650;  Appointed  as 
Representative  of  Society  on 
Library  Board  of  United  Engi- 
neering Society,  697. 

RiNDSFOos,  Charles  Siesel. — Trans- 
ferred to  Grade  of  Associate 
Member,  408. 

Ripley,  Herbert  Spencer. — Elected 
a  Member,  754. 

Road  Construction,  Special  Commit- 
tee on  ^laterials  for. — Progress 
Report  of,  68,  85;  Discussion  of 
Progress  Report  of,  85 ;  Minutes 
of  Special  Meetings  for  Discus- 
sion of  Report  of,  74,  75 ;  Minutes 
of  Meetings  of,  353,  482,  655, 
709,  768;  Special  Meetings  for 
Discussion  of  Report  of.  Au- 
thorized, 698. 


HoBBiNS,  Arthur  Graham. — Elected 
an  Associate,  245. 

RoBBiNS,  Dana  Watkins. — Trans- 
ferred to  Grade  of  Member.  413. 

Roberts,  Burke  Brockway. — Trans- 
ferred to  Grade  of  Associate 
^Member,  408. 

Robertson,  Avalon  Graves.— Trans- 
ferred  to  Grade  of  Member,   695. 

Robertson,  Harold  Hansard.  — 
Elected  an  Associate,  695. 

Robinson,  Ernest  F. — Address  by, 
2,  404. 

Robinson,  Eugene  Webster.  — 
Elected  an  Associate  Member,  245. 

RoBY,  Harrison  George.- — Elected  an 
Associate  Member,  406. 

Roche.  Alfred  Emmet. — Elected  an 
Associate  Member,  72. 

Rockwell,  James  Vincent. — Death 
announced,  408. 

Rockwell,  William  Lincoln.  — 
Elected  a  Member,  646. 

Rodriguez,  Arturo. — I*;iected  a  Mem- 
ber, 646. 

Rogers,  Lester  Gushing. — Elected  a 
Junior,  756. 

RoHDE,  C^HARLES  Freeman. — Elected 
an  Associate  Member,  406. 

RoHN,  Ralph  Earle. — Elected  an 
Associate  Member,   755. 

RoHR,  Wilkie  Claiborne. — Elected 
an  Associate  Member,  406. 

RoHWER,  Henry. — Death  announced, 
405. 

Rolfe,  Robert  Lawrence. — Trans- 
ferred to  Grade  of  Associate 
Member,  247. 

RosENER,  Leland  Slyvan. — Trans- 
ferred to  Grade  of  Member,  246. 

Ross,  Charles  Wilson. — Death  an- 
nounced, 757. 

RossELL,  Paul  Francis. — Trans- 
ferred to  Grade  of  Associate 
Member,  72. 

Rouse,  Herbert  Milton. — Elected 
an  Associate  Member,  406. 

Rousseau,  Harry  Harwood. — Trans- 
ferred to  Grade  of  Member,   73. 

Rowland,  Walter. — Transferred  to 
Grade  of  Member,  246. 

Rowland  Prize. — Award  of,   68.  81. 

Roy,  Robert  Maitland. — Death  an- 
nounced,  757. 

Ruettgers,  Arthur. — Elected  a  Jun- 
ior, 71. 
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RUFF. 

Ruff,  Edward  John. — Elected  an  As- 
sociate Member,  605. 

RUNDLETT,  Leonard  VV. — Death  an- 
nounced, 697. 

Russell,  Alexander  Stuart.  — 
Transferred  to  Grade  of  Asso- 
ciate ^Member,  649. 

Rutherford,  Earl  Douglas.  — 
Elected  an  Associate  Member,  755. 


Sackett,  Robert  Lemuel. — Trans- 
ferred to  Grade  of  Member,  73. 

Safford,  H.  R. — On  Special  Commit- 
tee to  Report  on  Stresses  in  Rail- 
road Track,  416. 

St.  Louis  Association. — Abstract  of 
Minutes   of   Meeting   of,    765. 

Salisbury,  Alfred  James,  Jr. — 
Elected  an  Associate  Member,  245. 

Sanborn,  James  F. — On  Committee 
of  Arranofenients  for  Annual 
INIeetina:,    759. 

Sanborn,  Morton  Franklin. — Trans- 
ferred to  Grade  of  Member,  73. 

Sandelaxds,  Edward  Rxrchard. — ■ 
Transferred  to  Grade  of  Asso- 
ciate  Member,   757. 

Sandstein,  Leopold  Maurice.  — 
Elected  an  Associate  Member,  407. 

Sandstrom,  Arthur  Charles.  — 
Elected  an  Associate  Member. 
407. 

San  Frnncisco  Association. — Abstract 
of  Minutes  of  Meetings  of,  5, 
474,   594,   701. 

Sauerman,  Henry  Burger. — Trans- 
ferred to  Grade  of  Member,  408. 

Saunders.  W.  L. — Discussion  bv, 
310,  330. 

Savage,  John  Lucian. — Transferred 
to  Grade  of  Member.  73. 

Saville,  Allen  Jeter. — Elected  an 
Associate   Member,   245. 

Sawtelle,  Harry  Francis. — Trans- 
ferred to  Grade  of  Member,  246. 

Sayer,  Fred  Denniston. — Elected  an 
Associate   Member,    647. 

Sayford,  Ned  Hensel. — Transferred 
to  Grade  of  Member,  413. 

Saxe,  Van  Rensselaer  Powell. — 
Elected  an  Associate  Member, 
755. 

Scarborough,  Francis  Winthrop. — 
Death   announced,   2. 

Scharfly,  Roy  Karl. — Death  an- 
noimced,  592. 


SCHEDLER. 

Schedler,  Carl  William,  Jr.  — 
Transferred  to  Grade  of  As- 
sociate Member,    649. 

Schenstrom,  Wilhelm  Rolf  Oscab 
HoLMBOE. — Elected  an  Associate 
Member,  245. 

Schmidt,  John  George. — Elected  an 
Associate  Member,  647. 

Schmied,  Erich  Ernest  Frederick. 
— Elected  an  Associate  Member, 
312. 

Schneider,  Charles  Conrad. — Death 
annoimced,  73,   111. 

ScHOBiNGER,  George. — Awarded  the 
Collingwood  Prize,  68,  81. 

ScHOLTZ,  Herman  Fred.  —  Trans- 
ferred to  Grade  of  Associate 
Member,  313. 

ScHURiG,  Ernest  George. — Elected  a 
Member,  646. 

ScHWEizER,  Rudolph,  Jr. — Elected  an 
Associate  Member,  245. 

ScHWiERS,  F.  W. — Discussion  by,  405. 

ScoTT,  Walter  Vanderbelt. — Trans- 
ferred to  Grade  of  Associate 
Member,  72. 

Seaman,  Henry  B. — Discussion  by, 
192. 

Sears,  William  Hatfield. — Elected 
an   Associate  Member,   312. 

Seastone,  Charles  Victor. — Trans- 
ferred to  Grade  of  Member,  648. 

Seattle  Association.  —  Abstract  of 
Minutes  of  Meetings  of,  8,  197, 
254,  351,  479,  59^7,  706,  766; 
Report  of  Committee  Relative  to 
Comnnmication  from.  On  Exten- 
sion of  U.  S.  Weather  Bureau 
Service,    314. 

Secretary.— Report  of,  20,  67,  80; 
Election  of,  78;  Report  of.  On 
Time  and  Place  for  Holding 
Forty-ninth  Annvial  Convention, 
409,  431;  Report  of,  On  Arrange- 
ments Relative  to  ^Movement  of 
Society   Headquarters,   698. 

"Secure  Subway  Supports,"  presented 
and  discussed,  191. 

Seely,  Ray. — -Elected  an  Associate 
Member,  245. 

Seltzer,  Hyme.v  Aaron.  —  Trans- 
ferred to  Grade  of  Associate 
Member,  649. 

Seward,  Oscar  A.,  Jr. — Elected  an 
Associate  Member,  245. 
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SEWELL. 


SLOAN. 


Sewell,  Harold  Arthur. — Elected 
an  Associate  Member,  755. 

SiiAFKR,  Ernest  Alton. — Elected  an 
Associate  Member,  755. 

Shapleiqh,  Charles  Henry.— Trans- 
ferred to  Grade  of  Associate 
Member,  72. 

Sharts.  Stanley  Rush. — Elected  an 
Associate  Member,   71. 

Shaw,  Arthur  Lassell. — Elected  an 
Associate    Member,    312. 

Shaw.  Frank  Harold. — Transferred 
to  Grade  of  Member,  312. 

Shaw,  Horart  Doane. — Elected  an 
Associate  Member,   755. 

Shaw,  Walter  Adam. — Elected  a 
Member,    405. 

Shaw.  William  Checkley,  Jr. — 
Elected  an  Associate  Member.  72. 

Shaw,  Williaa[  Thomas. — Death 
announced.    248. 

Shearer,  David  McDougal  d. — 
Elected  an  Associate  Member,  695. 

Shedd,  Frank  Edson. — Death  an- 
nounced. 696. 

Sheibley,  Edward  Gwyn. — Elected 
an   Associate  Member,   245. 

Sheridan,  Lawrence  Vinnedge. — 
Transferred  to  Grade  of  Asso- 
ciate Member,  72. 

SHERiiAN,  John  Eockwood. — Elected 
an  Associate  Member,   647. 

Sherron,  George  Austin. — Trans- 
ferred to  Grade  of  Member,  413. 

Shoemaker,  Roy  Hopkins. — Elected 
an  Associate  Member,  407. 

Short,  Edward  Ai.oysius. — Elected 
a  Junior,  648. 

SiKES,  Zenas  Harrison.  —  Trans- 
ferred to  Grade  of  Member,  246. 

Simpson,  Burr  Henry. — Elected  an 
Associate  Meml)er.  71. 

Simpson.  Carl  William. — Elected  a 
Member,  694. 

Sinclair,  Frank  Oscar. — Death  an- 
nounced,  757. 

Sjovall,  Arvid  Henry. — Elected  an 
Associate   Member,   245. 

Skinner,  F.  W. — Discussion  by,  2. 

Skinner,  Fenwick  Fenton. — Elected 
a   ^Member,   646. 

Slack,  Searcy  Bradfield. — Elected 
an  Associate  ]\Iember.   755. 

Sleeper,  Benjajiin  Alvan. — Elected 
an    Associate   Member,    647. 

Sleight,  Re(  ben  Ben.tamix. — Elected 
a  Junior,  71. 


Sloan,  William  Glenn. — Elected  a 
Junior,   71. 

Small,  Joseph  Warder,  Jr. — Elected 
an  Associate  Member,  695. 

Smith,  Everett  Clerc,  Jr. — Elected 
an   Associate  Member.   312. 

Smith,  Francis  Marshall. — Trans- 
ferred to  Grade  of  Associate 
Member,  72. 

Smith,  Herschel  C.  —  Elected  a 
Jimior,   312. 

Smith,  J.  Waldo. — Presides  at  Meet- 
ing, 2,  243,  645. 

Smith,  Lewis  Ruffner,  Jr. — Trans- 
ferred to  Grade  of  Associate 
Member,   247. 

Smith,  Schuyler  Morton. — ^Elected 
an   Associate   Member.   407. 

Smith,  Somers  Hanson. — Elected  an 
Associate   Member,   312. 

Smith,  William  Sooy. — Death  an- 
nounced,  247. 

Sniggs,  Clark  Dee. — Elected  an  As- 
sociate Member,  647. 

Snodgrass,  William  Tyler. — Elected 
an   Associate  Member,   695. 

Snyder,   G.   D. — Discussion  by,   2. 

Society,  Admission  to  the. — Rules 
Adopted  by  the  Board  of  Di- 
rection Relative  to,  314,  344; 
New  Form  of  Application  for, 
Adopted  by  Board  of  Direction, 
697. 

Society  Headquarters,  Proposed  Move- 
ment of. — Circular  Relative  to, 
75 ;  Report  of  Committee  on,  77, 
130;  Discussion  on,  191,  247; 
Letter  to  Local  Associations  Rel- 
ative to,  247;  Report  of  Tellers 
Appointed  to  Canvass  Ballot  Rel- 
ative to,  410,  416,  446,  458; 
Resolutions  of  Board  of  Direction 
Relative  to,  416,  459;'  Memoran- 
dum Apfreement  Relative  to,  460 ; 
Agreement  Made  Final,  469;  Re- 
port of  Secretary  and  Action  of 
Board  of  Direction  Relative  to 
Arrangements  for.  698. 

Societv  House. — Mortgage  on.  Can- 
celled,  314. 

Societv  Items  of  Interest,  130,  344, 
458,  699. 

Society,  Officers  of  the. — Change  in, 
414;  Resolution  of  Board  of  Di- 
rection Relative  to  Succession  of, 
414. 
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SOILS. 


STARRETT. 


Soils  for  Foundations,  etc..  Special 
Committoe  to  Codify  Present 
Practice  on  the  Bearing  Value  of. 
— Progress  Report  of.   69.   103. 

SOMMER.       ISADORK       MENDELSOHN.    

Elected  a  Junior,  407. 
SoxnEREGGER.    A.    L. — Discussiou    bv. 

591. 
Soo-Hoo,      Peter.  —  Transferred      to 

Grade  of  Associate  Member,  649. 
SooYSMiTH,      Charles. — Death      an- 
nounced.   408. 
SoRENsoN,    Julius    Jennis. — Elected 

an  Associate  Member,  412. 
SoRTORE.  Arthur  Emerson. — Elected 

an  Associate  Member,  407. 
SouRwiNE,    James    Arthur. — Elected 

an  Associate  Member.  412. 
SouTAR.     Frank    James. — Elected    a 

Junior,  407. 
Soutliern  California  Association. — Ab- 
stract of  Minutes  of  Meetings  of, 

598,  707. 
Spalding,    Walter    Talbot. — Elected 

an   Associate  Member.   245. 
Sparhawk.     George     Francis.  — 

Elected  a  Member.  694. 
Spear,  Walter  E. — Address  by,  754. 
Special  Committees.     See  Committees, 

Special. 
Speller.  F.  N. — Discussion  by,   192. 
Spengler,      John      Henry.  —  Trans- 
ferred    to     Grade     of     Associate 

Member,   408. 
Spokane      Association. — Abstract      of 

Minutes  of  Meeting  of,  707. 
Spooner,   Ray   Newhall. — Elected   a 

.Junior,    648. 
Stafford,     Harlowe     McVicker.  — 

Elected    a    Junior.    695. 
Stamm,  Norman   Leslie. — Elected   a 

a   Member,   754. 
Stancliffe.     William     L  e  w  is.  — 

Elected  an  Associate,   647. 
Staniford.     Charles     W. — Awarded 

the  Tliomas  Fitch  Rowland  Prize, 

68.   81. 
Stanley,    Harvey. — Elected    an    As- 
sociate Member.   71. 
Stanley.  William  Edward. — Elected 

a  .Junior.  407. 
Stanton.   Frank  McMillan. — Death 

announced,   649. 
Stark.    Burr    Manlow. — Elected    an 

Associate  Member,  407. 


Starrett.  William  Aiken. — Trans- 
ferred to  Grade  of  Member,  246. 

Stauffer,  Isaac  Yost. — Elected  a 
Junior,    407. 

Steel  Columns  and  Struts,  Special 
Committee  on. — Minutes  of  Meet- 
ings of.  9.  198.  354.  599,  708, 
769;  Progress  Report  of.  69, 
97;  Appropriation  by  Bethlehem 
Steel  Company  for  Work  of,  416. 

Steinberg.  Maximilian. — Elected  a 
Junior,   648. 

Stephens,  Philip  Frederic  k. — 
Elected  an  Associate  Member, 
312. 

Stephenson.  F.  H. — Discussion  by. 
192. 

Stevens,  Harold  Lyexl. — Trans- 
ferred to  Grade  of  Member,  756. 

Stevens.  William  Wentworth. — 
Transferred  to  Grade  of  Mem- 
ber, 246. 

Stevenson,  Ervin  Beecher. — Trans- 
ferred to  Grade  of  Associate 
Member.    696. 

Stewart,  John  Trues  dale. — Trans- 
ferred to  Grade  of  Member.  696. 

Stewart,  Spencer  Wilson. — Elected 
an  Associate  Member,  245. 

Stimson,  Burt. — Elected  an  Asso- 
ciate Member,   647. 

Stivers,  Arthur  Ducat. — Elected  an 
Associate  Member,  647. 

Stone,  George  Carter. — Transferred 
to  Grade  of  Associate  Member, 
313. 

"Storage  to  be  Provided  in  Impound- 
ing Reservoirs  for  Municipal 
Water  Supply,"  Awarded  the 
Norman  Medal,  68,  80. 

Stott,  H.  G. — Discussion  by,  191;  On 
Building  Committee  of  United 
Engineering  Society,  469. 

Stow,  Audley  Hart. — Elected  a 
Member,  244. 

Stowe,  Henry  Daniels. — Elected  an 
Associate  Member,  412. 

Strehan,  George  Ernest. — Trans- 
ferred to  Grade  of  Associate 
Member,   649. 

Stresses  in  Railroad  Track,  Special 
Committee  to  Report  on. — 
Progress  Report  of,  69,  103; 
Minutes  of  Meetings  of,  352,  482 ; 
Appropriation  by  Bethlehem 
Steel        Company        for        Work 
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STRICKLER. 


TARRANT. 


of,  416,  697;  New  Member  Ap- 
pointed, 416;  Appropriation  by 
Cambria  Steel  Company  for 
Work  of,  697. 

Strickler.  Thomas  Johnson. — 
Transferred  to  Grade  of  Mem- 
ber,  756. 

Stbingfeli.ow,  Horace. — Elected  an 
Associate   ^lember,   647. 

Stromquist,  Walter  Gottfrid. — 
Transferred  to  Grade  of  Asso- 
ciate  ^Member,   696. 

Strong,  Arthur  Leon. — Elected  an 
Associate   INIember,   71. 

Strong,  Sidney  Davis. — Transferred 
to  Grade  of  Associate  Member, 
247. 

Struthers,  David  Lindsay. — Elected 
a  Junior,  246. 

Swain,  George  F. — On  Committee 
to  Consider  Proposed  Movement 
of  Society  Headquarters,  77 ; 
On  Committee  on  Resolutions 
Relative  to  Mobilization,  etc.,  of 
the  Resources  of  the  Country, 
78:  Discussion  by,  310.  340;  On 
Committee  to  Draft  Resolution 
on  Death  of  Elmer  Lawrence  Cor- 
thell,  410,  445;  On  Joint  Com- 
mittee to  Report  on  Advisability 
of  Adoption  of  Metric  System. 
416. 

Swartz,  Albert  Wylford. — Elected 
a  Junior,   695. 

Swensson,  EjriL. — On  Local  Com- 
mittee of  Arrangements  for  An- 
nual  Convention,   74,  76,   111. 

SwETT,  Everett  Harold. — Trans- 
ferred to  Grade  of  Associate 
Member.   72. 

Swett,  William  Claude. — Elected 
an  Associate  Member,  245. 

Swinburne,  George  Way.  —  Death 
announced,    192. 

Tabor,     Ernest     Frederick. — Death 

announced,    592. 
Tait,   William   Stuart. — Elected  an 

Associate  Member,  407. 
Talbot.     A.     N. — Presents     Progress 

Report   of   Special    Committee   to 

Report    on    Stresses    in    Railroad 

Track.  69.  103. 
Talbot.   K.   H. — Discussion  by,  75. 
Tarr,    Simon    Weinberg. — Elected    a 

Member.   405. 


Tarrant,  Fred. — Elected  an  Asso- 
ciate  Member,    695. 

Tatum,  Sledge. — Death  announced, 
75. 

Taylor,  E.  B. — On  Local  Committee 
of  Arrangements  for  Annual 
Convention,   74,   76,   111. 

Taylor,  Presley  Morgan. — Elected 
an  Associate  Member,  245. 

Taylor,  William  Thomas.^ — Elected 
a  Member,  754. 

Tefft,  William  Wolcott. — Trans- 
ferred to  Grade  of  Member,  696. 

Teichert,  Adolph,  Jr. — Transferred 
to  Grade  of  Associate  Member, 
696. 

Tellers. — Report  of.  On  Suggestions 
for  Nominating  Committee,  68, 
76,  81;  Report  of,  On  Vote  for 
Officers,  74,  112;  Report  of.  On 
Questions  Relative  to  Proposed 
Revision  of  the  Constitution, 
310;  Report  of.  On  Vote  on  Pro- 
posed Movement  of  Society 
Headquarters,  410,  416,  446,  458. 

Telles,  Francisco  Teixeira  da 
SiLVA.  —  Elected  an  Associate 
Member,   412. 

Templin,  Richard  Laurence.  — 
Elected  a  Junior,  312. 

Thackwell,  Henry  Lawrence. — 
Transferred  to  Grade  of  Asso- 
ciate Member,   757. 

Thayer,  .Benjamin  Single. — Elected 
an  Associate  Member,  72. 

Thayer,  James  Lawrence. — Elected 
an  Associate  Member,   312. 

•'The  Design  of  a  Drift  Barrier 
Across  White  River,  near  Au- 
burn, Washington,"  presented, 
313. 

"The  Economical  Top  Width  of 
Non-Overflow  Dams,"  presented 
and  discussed,  2. 

'"The  Effects  of  Straining  Structural 
Steel  and  Wrought  Iron,"  pre- 
sented and  discussed,   192. 

"The  Failure  and  Righting  of  a 
^lillion-Bushel  Grain  Elevator," 
presented  and  discussed,  75. 

"The  Flow  of  Water  in  Irrigation 
Channels."  presented  and  dis- 
cussed, 243. 

"The  Narrows  Siphon  of  the  Cats- 
kill  Aqueduct,"  Address  on,  754. 
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THE.  TONG. 

"The  Preservation  of   Sandy   Beaches  Tong,  Yung  Tso. — Elected  a  Junior, 

in    the    Vicinity    of    New    York  246. 

City,"    presented    and    discussed,  Torkelson,      Martin      Wilhelm.  — 

405.  Elected  an  Associate  Member,  647. 

"The      Properties     of     Balsa     Wood  Totten,     Robert      Lyi.e. — Elected    a 

{Ochroma    Lagopus) ,"    presented  Member,    754. 

and   discussed,  405.  Tourtellot,     Edward     Boyington. — 

"The  Yale  Bowl,"  presented  and  dis-  Elected     an     Associate    Member, 

cussed,  753.  695. 

Thebo.    Fenwick    Milfgrd. — Elected  Towle,    FREEjrAN    Eugene.  —  Elected 

a   Member,    754.  an   Associate   Member.   245. 

Thoma,  Joseph  C. — Elected  an  Asso-  Towle,      Stevenson.    —   Death     an- 

ciate  Member,  647.  nounced,    192. 

Thomas,    David    Ogle. — Elected    an  Toyne,    John    Wilson. — Elected    an 

Associate    Member,    695.  Associate  Member,   755. 

Thomas,    Franklin. — Transferred   to  Tracy,   Clarence   Curtis. — Elected  a 

Grade      of      Associate      Member,  Jimior,  246. 

696.  Tracy,     Herbert     Herman. — Elected 

Thomes,  E.  H. — Discussion  by,  75.  an  Associate  Member.   312. 

Thompson,    James    Arthur. — Trans-  Trautwine,    John    C,    Jr. — Discus- 

ferred     to     Grade    of    Associate  sion  by,   405. 

Member,  649.  Traylor,     Kells     Emmett. — Elected 

Thompson,      Laurence     Kimball. —  an  Associate  Member,  647. 

Elected     an     Associate    INIember,  Treadway,    Howard    Platt. — Trans- 

245.  f erred  to  Grade  of  Member.  313. 

Thompson,       Milton       Theodore. —  Treasurer. — Report    of,    23,    67,    80; 

Elected  a   Member,   646.  Flection  of.  74.  113. 

Thompson,   S.  C. — Presides  at  Meet-  Triana,    Miguel. — Elected    a    Mem- 

ing,  754.  ber,  646. 

Thomsen,    Samuel    Locke. — Elected  Trimpi,      Allan      Littell.  —  Trans- 

an  Associate  Member,  407.  ferred    to    Grade     of     Associate 

Thomson,     Fred     Morton.  —  Trans-  Member,   696. 

ferred     to     Grade     of  '  Associate  Trout,    Charles    E. — On    Committee 

Member,   757.  of     Arrangements     for     Annual 

Thomson,      R.      H. — Nominated      as  Meeting,   759. 

Director,  650.                    '  Trueblood,        Paul       McGeorge.   — 

Thomson,   T.   Kennard. — Presides  at  Elected  an  Associate  Member,  71. 

Meeting,     405.     591;     Discussion  Truscott,    Starr. — Elected   an   Asso- 

by,  645,  649,  693,  697,  753.  ciate  Member,   407. 

Thorley,    Ira    Otis. — Transferred   to  Tucker,    James    Irwin. — Elected    an 

Grade  of  Member,  648.  Associate  Member,  755. 

Thorpe,    John    Edward    Stirling. —  "Tunnel  Work  on  Sections  8,  9,   10, 

Elected     an     Associate     Member,  and      11,      Broadway  -  Lexington 

407.  Avenue      Subway,      New      York 

Tidd,  Harry. — Elected  a  Junior,  246.  City,"    presented    and    discussed, 

Tillson,   George   W. — Nominated   as  645. 

Treasurer,  650.  Turner,  C.  A.  P. — Discussion  by,  192. 

TiLTON,  George  Albert,  Jr. — Elected  Turner,     Daniel    Norman. — Elected 

a  Junior,  648.  a  Junior,  756. 

TiNKHAM,     S.     E. — On     Nominating  Turner,    Homer    Root. — Elected    an 

Committee,   68,  82.  Associate  Member,  245. 

Toll,    Roger    Wolcott. — Transferred  Turner,     Howard     ^Ioore.  —  Trans- 

to   Grade   of   Member,    313.  ferred  to  Grade  of  Member,  648. 

ToMLiNSON.       William       Sidney.  —  Tuttle,   Arthur  S. — On   Publication 

Transferred    to    Grade    of    Asso-  Committee,    78;     On    Joint    Con- 

ciate   Member,   72.  ference    Committee    of    Engineer- 
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UNDERPINNING. 

\i\g    Societies,    142;     Presides    at 
Meeting.  247,  649,  693,  753. 

■Underpinning  Trinity  Vestry  Build- 
ing for  Subway  Construction," 
presented   and   discussed,   649. 

Underwood,  Harrison  Axjbbey.  — 
Elected  a  Junior,  72. 

United  Engineering  Building. — Dis- 
cussion Relative  to  Work  of 
Preparing  the,  For  Occupation 
by  the  Society,  693. 

United  Engineering  Society. — Reso- 
lution of  Board  of  Direction 
Relative  to  Functions  of,  314; 
Appointment  of  Representatives 
of  Society  in,  460.  469;  Memo- 
randum Agreement  Between  En- 
gineering Societies  and,  460; 
Agreement  Between  Engineering 
Societies  and.  Made  Final.  469; 
Appointment  of  Building  Com- 
mittee of,  469;  Appointment  of 
Representatives  of  Society  on 
Library  Board  of,  697. 

United  States  Weather  Bureau  Ser- 
vice, Committee  on  Extension 
of. — Report  of,  314;  Members 
of,  314. 

Upson,  Warren  William. — Elected 
an  Associate  Member,  407. 

Utah  Association.  —  Constitution 
Approved,   417. 


Vance,  William  Herbert. — Elected 
a  Member,  411. 

Vandemoee,  John  Jay. — Elected  an 
Associate  IMember,  412. 

Van  Ness,  Russell  Alger. — Elected 
a  Junior,  71. 

Van  Suetendael,  Achille  Octave. 
— Transferred  to  Grade  of  Mem- 
ber, 648. 

Vaugiian,  Henry  Frieze. — Elected 
a  Junior,  695. 

Vaughn.  George  Washington.  — 
Death  announced,  192. 

Velez,  Luis.— Elected  a  Member, 
244. 

VoGEL.  Andrew. — Elected  an  Asso- 
ciate Member,  407. 

voN  Deesten,  Arthur  Peter. — 
Elected  a  Junior,  412. 

Voorhees,  Theodore.  —  Death  an- 
nounced, 247. 


WADDELL. 

Waddell.  J.  A.  L. — Discussion  by, 
192. 

Wahlman,  Petrus.  —  Elected  a 
Member,   70. 

Waite,  Ci,ement  F. — Elected  a 
Junior,   407. 

Waite,  Earle  Chester. — ■Elected  a 
Junior,  246. 

Wall,  Edward  Walter.  —  Trans- 
ferred to  Grade  of  Associate 
Member.   247. 

Walsh,  Philip  .Joseph. — Elected  a 
Junior,  695. 

^^'ALTON,  Frank  Alanson. — Elected 
an   Associate  Member,  407. 

Ward,  Roy  Elsen. — Transferred  to 
Grade  of  Associate  Member, 
696. 

Ward,  Thomas  Robert  John. — 
Elected  a  Member,  411. 

Wardwell,  Albert  Ellery.  — 
Elected  a  Junior,  695. 

^^'ARE,  Howard  Thomas.  —  Trans- 
ferred to  Grade  of  Associate 
Member,   313. 

\\'are.  Norton.  —  Transferred  to 
Grade  of  Member,  73. 

^A'arfel,  Adam  Cooper. — Elected  a 
Junior,  71. 

^VAR^-ER.  James  Madison.  —  Death 
announced,    248. 

Warren,  George  Copp. — Discussion 
by,  75;  Elected  an  Associate 
756. 

Warren,  Raymond  Verner. — Elected 
an   Associate   Member,    71. 

Washburn,  Charles  Emmett.  — 
Elected  an  Associate  Member, 
755. 

Water  Power. — Resolution  of  .Joint 
Conference  Committee  of  Engi- 
neering Societies  Relative  to 
Development   of,   470. 

Water  Power  Development  Confer- 
ence, Committee  to  Represent 
Society  at.  —  Appointment 
Authorized,   698. 

Watson,  Irvine. — Death  announced, 
2. 

Watson,  Robert  Malcolm. — Elected 

a  Member,  311. 
Watson,  Wixslow  Barnes. — Elected 

an  Associate  Member,   647. 
Waugh,     Ernest     Judson. — Elected 

an   Associate  Member,  407. 
\Neaver,    Frank    Lloyd. — Elected    a 

Junior,   312. 
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WEBB. 

Webb,     Clauue     Allen. — Elected    a 

Junior,   312. 
Webb,      Isham      Gans. — Elected     an 

Associate   Member,   245. 
Webber,    Charles    Perkins. — Death 

announced,  192. 
Webster,   George   S. — Nominated   as 

Vice-President,  650. 
Webster,       James       McBarron.  — 

Elected   a  Junior,   71. 
Weed,    Lloyd    Woolsey. — Elected    a 

Junior,  648. 
Wegmann,    Edward. — Discussion    by, 

309,   754. 
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Synopsis. 

This  paper  describes  a  test  of  twenty-four  concrete  specimens 
which  were  immersed  in  sea  water  for  7  years.  The  object  of  the 
tests  was  to  determine  the  action  of  sea  water  on  concrete  specimens 
of  wet  and  dry  consistencies,  of  various  proportions  of  ingredients, 
and  of  different  brands  of  cement,  as  well  as  the  effect  of  special 
compositions. 

The  methods  of  mixing,  analyses  of  the  various  cements,  sand, 
and  stone,  and  the  conditions  of  the  test,  as  well  as  all  other  data 
having  possible  effect  on  the  results,  are  stated  in  the  paper.  The 
information  is  given  in  tabular  form  where  possible. 

The  specimens  were  examined  at  intervals  of  about  one  year,  and 
record  was  made  of  their  condition.  The  results  of  these  observations 
have  been  tabulated,  and  show  progressive  deterioration  of  some  of 
the  specimens  and  remarkable  durability  of  others.  Recently,  the 
specimens  were  examined  with  great  care,  and  graded  in  the  order 
of  durability.  These  results  are  also  tabulated.  Independent  tabula- 
tions are  made  of  the  various  series  of  tests  originally  planned,  to 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  Invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  In  Transactions. 
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ascertain  in  one  case  the  effect  of  wet  and  dry  mixture,  in  another 
case  the  effect  of  rich  and  lean  mixture,  and  in  others  the  effects  of 
special  brands  of  cement,  and  of  using  lime,  Sylvester  wash,  etc.,  with 
the  cement. 

The  results  are  interesting,  and  seem  to  show,  briefly : 
(a)   That  the  1:1:2  mixture  is  superior  to  the  1 :  2^ :  4^.  and  that 

the  1 :  2^ :  4i  is,  in  turn,  superior  to  the  1:3:6; 
(&)   That  the  wet  mixtures  are  superior  to  the  dry; 
(c)   That  the  effects  of  magnesia  or  alumina  in  varying  propor- 
tions   are    not    very    marked,    and    follow    no    apparent    law, 
although   the   two   most   durable   specimens   are   those  lowest 
in  alumina  content; 
id)   That    extra    care    in    mixing    produced    decidedly    beneficial 

results ; 
(e)   That  hydrated  lime  was  of  no  benefit,  but  rather  a  detriment; 
(/)   That  the  addition  of  Sylvester  wash  was  harmful;  and 
(g)   That  the  addition  of  clay  to  the  cement  had  a  slightly  bene- 
ficial result. 
The  deterioration  occurred  between  high  and  low  water,  and  was 
most  marked  at  mid-tide.    Above  high  water  there  was  little  deteriora- 
tion, and  the  same  is  true,  but  to  a  less  marked  extent,  of  the  concrete 
continually  submerged. 

A  careful  reading  of  the  paper  should  be  made  before  any  of 
the  foregoing  conclusions  are  applied.  The  experiments  are  not  suf- 
ficiently extensive  to  warrant  drawing  final  conclusions  in  all  cases, 
unless  confirmatory  evidence  is  available.  In  utilizing  the  results, 
the  limitations  of  the  tests  and  local  conditions  should  be  taken  into 
account. 


About  7  years  have  elapsed  since  twenty-four  concrete  specimens 
were  placed  in  sea  water  at  the  Boston  Navy  Yard.  The  results,  on 
careful  analysis,  give  information  of  considerable  value.  This  paper 
presents  a  resume  of  the  important  facts  in  regard  to  the  preparation 
of  the  specimens,  the  recorded  observations  at  stated  periods,  and  a 
tabulation  and  discussion  of  the  results  to  date. 

The  various  facts  and  observations  connected  with  the  tests  are 
given  in  full,  so  that  those  who  wish  may  study  them  and  draw  their 
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own  conclusions.  Those  who  are  sufficiently  interested  may  observe 
the  specimens  at  the  Navy  Yard.  In  the  latter  part  of  this  paper  the 
principal  results  of  the  tests  are  summarized,  and  the  conclusions  of 
the  writer  are  stated,  without  attempted  explanation,  however,  as  to 
the  causes  of  the  different  kinds  of  action  on  the  concrete  specimens. 

The  expense  of  making  the  tests  is  borne  entirely  by  the  Aberthaw 
Construction  Company,  of  Boston,  who  proposed  them  and  entered 
into  agreement  with  the  Navy  Department,  represented  by  the  late 
Fred  Thompson,  Civil  Engineer,  U.  S.  Navy,  M.  Am.  Soc.  C.  E.  The 
agreement  (Appendix  A)  covers  the  conditions  of  the  tests  whereby 
the  specimens  were  permitted  to  be  made  and  exposed  in  the  Navy 
Yard,  all  work  being  under  the  inspection  of  the  Civil  Engineer,  now 
Public  Works  Officer,  of  the  Yard,  and  the  Navy  Department  having 
the  right  to  observe  the  specimens  and  to  use  the  information  obtained. 

Each  of  the  twenty-four  specimens  is  16  ft.  long  and  16  in.  square, 
weighing  from  4  050  to  4  350  lb.  They  are  hung  on  Pier  9,  at  the 
Boston  Navy  Yard,  in  such  a  manner  that  the  lower  ends  are  contin- 
ually immersed,  the  upper  ends  but  rarely  immersed,  and  the  center 
portions  are  subject  to  alternate  action  of  the  air  and  salt  water  due 
to  the  10-ft.  tides. 

The  specimens  were  originally  suspended,  in  February,  1909,  from 
the  old  Pier  9,  but,  as  this  was  rebuilt,  they  were  moved  on  December 
5th,  1911,  to  Pier  8,  east  side.  Later,  it  became  necessary  to  renew 
the  supporting  bridles,  and,  on  September  19th  and  20th,  1912,  the 
specimens  were  removed  and  leaned  against  the  quay  wall  and  on 
October  30th  and  31st,  1912,  were  moved  to  the  newly  constructed 
Pier  9.  The  piers  are  of  open  wooden  pile  construction,  giving  the 
sea  water  a  free  flow.  About  April,  1914,  a  pipe  line  for  furnishing 
fuel  oil  to  naval  vessels  was  placed  on  Pier  9,  and  since  then  the 
concrete  has  become  coated  with  a  thin  film  of  fuel  oil.  The  sea  water 
is  that  of  Boston  Harbor,  analyses  of  which  will  be  given.  Fig.  1 
is  reproduced  from  a  photograph  showing  the  specimens  as  suspended 
from  Pier  9  in  April,  1916. 

The  specimens  were  lifted  out  of  the  water  on  December  9th  and 
10th,  1913,  for  the  purpose  of  photographing  them  and  were  imme- 
diately replaced. 

The  following  description  of  the  manufactiire  of  the  specimens 
is  taken  from  the  file  copy  of  the  records  made  at  the  time: 
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"The  specimens  were  made  on  the  first  floor  of  Building  No.  107 
at  the  Navy  Yard,  which  was  kept  above  freezing  point  but  yet  not 
very  warm.  The  feeding  chute  was  removed,  and  materials  were 
shoveled  directly  from  the  floor  to  the  mouth  of  the  mixer,  which  was 
about  3  ft.  above.  The  materials  were  dumped  into  a  water-tight 
mortar  box,  from  which  they  were  shoveled  into  wheel-barrows  and 
wheeled  to  forms  made  of  plank  a  short  distance  away.  The  specimens 
were  cast  in  a  horizontal  position.  Embedded  in  each  for  its  full 
length  and  projecting  from  the  end  (forming  a  loop)  was  a  f-in.  square 
twisted  steel  bar,  bent  in  its  middle  (embedded  near  diagonal  corners), 
to  give  the  specimens  stiffness,  so  that  they  could  be  handled  without 
breaking.  There  was  also  embedded  in  the  upper  end  of  each  specimen 
for  a  depth  of  8  ft.  a  steel  pipe,  2^  in.  outside  diameter.  This  was 
used  merely  to  core  a  hole  and,  after  the  specimens  were  set,  was 
removed  in  the  following  manner:  Before  placing,  it  was  coated  on 
the  outside  with  paraffin.  After  the  specimens  were  set,  live  steam  was 
turned  into  the  pipe,  which  then  was  removed  easily  and  quickly.  In 
the  very  top  of  each  specimen  was  embedded  a  3-in.  pipe  which  was 
threaded  and  capped.  The  object  in  coring  this  hole  and  capping  it 
was  to  see  if  sea  water  percolated  into  the  center  of  specimens.  (This 
was  used  afterward  for  fastening  hooks  supporting  the  specimens  when 
the  loops  had  rusted  away.) 

"The  sand  and  stone  were  measured  in  accurately  made  frames. 
In  measuring  they  rested  on  a  perfectly  smooth  hardwood  floor.  The 
materials  were  struck  smooth  on  top  with  a  straight-edge.  The  frames 
were  made  deep  in  order  to  avoid  the  large  errors  in  volume  which  occur 
when  frames  are  very  shallow  and  cover  a  large  area.  The  sand  and 
stone  were  completely  fed  into  the  mixer  first ;  then  cement  was  shoveled 
in,  which  took  about  1  min.  After  J  min.,  water  was  added  with  pails, 
being  accurately  weighed.  This  took  about  1  min.  to  add.  In  every 
case,  in  as  near  2  min.  as  possible  after  the  first  water  was  added, 
the  batch  was  dumped  from  the  mixer.  It  took  from  15  to  18  min. 
to  place  a  batch  entirely  in  the  forms,  into  which  it  was  thoroughly 
spaded  and  tamped.  The  workmanship  was  intended  to  reproduce  as 
nearly  as  possible  actual  commercial  conditions. 

"The  first  nine  specimens,  which  were  made  from  a  standard 
average  composition  Portland  cement,  were  made  by  mixing  together 
equal  parts  of  Vulcanite,  Alpha,  and  Giant.  These  were  thoroughly 
mixed  in  the  mortar  box  and  then  repacked  by  weight.  The  cement 
free  from  iron  was  Blanc  Stainless;  the  commercial  Portland  high  in 
alumina  was  Atlas;  the  commercial  Portland  cement  low  in  alumina, 
was  a  mixture  of  equal  parts  of  Lehigh  and  Helderberg;  the  iron  ore 
cement  practically  free  from  alumina  was  Hermmoor  Erz  German 
Portland  cement;  and  the  slag  cement  was  Universal. 
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"Tlie  stone  was  broken  trap  rock  from  the  quarries  of  E.  Burnett, 
Franklin  Park  ledge,  Maiden,  Mass.  A  cubic  foot  of  stone  weighed 
90.24:  lb.  Determination  of  voids  in  stone  was  50  per  cent.  The 
stone  passed  a  1^-in.  ring,  with  the  dust  screened  out. 

"The  sand  was  clean  and  sharp,  a  little  finer  than  usual,  from 
the  bank  of  P.  O'Riorden,  at  South  Acton,  Mass.  Dry,  it  weighed 
97.18  lb.  per  cu.  ft.  Determination  of  voids  in  the  dry  sand  was 
34.2  per  cent.  As  used  in  the  work,  the  sand  contained  4.6%  of 
moisture  by  weight. 

"With  the  above  determined  percentage  of  voids,  the  mixture, 
nominally  1:2:4  but  proportioned  so  as  to  have  10%  excess  of  cement 
over  the  voids  in  sand,  and  10%  of  mortar  over  voids  in  the  stone, 
was  actually  proportioned  1 :  2^  :  4^. 

"The  specimens  remained  in  the  building  for  about  5  weeks.  They 
were  then  loaded  on  flat  cars  and  moved  to  Pier  9  in  the  Yard,  and 
were  hung  from  the  cap  log,  as  shown  by  Fig.  1.  During  the  loading 
of  the  specimens,  they  were  calipered  in  each  direction  close  to  each 
end  and  every  2  ft.  along  their  length.  Their  length  was  also  measured 
and  the  length  to  which  the  core  pipe  was  embedded.  Before  hanging 
from  the  pier,  they  were  weighed  on  platform  scales. 

"In  the  process  of  moving  and  setting.  Specimen  No.  22  was  cracked 
clear  through,  at  about  6  ft.  from  the  lower  end,  and  Specimen  No. 
23  had  a  very  small  crack  on  the  face,  about  the  middle. 

"From  concrete  left  over  from  filling  the  forms,  fifteen  8-in.  cubes 
were  made  of  mix  similar  to  Specimen  No.  3,  and  fifteen  others  were 
mixed  similar  to  Specimen  No.  9.  These  were  put  in  a  box  for  con- 
venience in  keeping  them  together;  one-third  were  immersed  per- 
manently; one- third  were  supported  at  half-tide;  and  one-third  were 
kept  in  a  dry  place  exposed  to  the  weather." 

The  analyses  of  sand  and  stone  made  by  Mr.  Herbert  L.  Sherman 
for  the  Aberthaw  Construction  Company,  as  given  in  Table  1,  apply 
to  all  the  specimens. 

TABLE  1. — Analyses  of  Sand  and  Stone  Used  in  all  Specimens. 
Bank  Sand. 


Fineness,  passing:  sieves,  by  weights. 


No.  100 

No.  50 

No.  30 

No.  20 

No.  16 

No.  10 

No.  8 

No.  6 

J^-inch. 

4.80/0 

24.0% 

52.0O/O 

73.4% 

86.4% 

91.0% 

93.4% 

96.1% 

100.0% 

Voids  by  volume 34  2  per  cent. 

Moisture 4.6    ''       •' 

The  sand  is  very  fine,  but  is  clean  and  of  good  quality. 
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Broken  Stone. 


Finenes.s,  passing  sieves,  by  weights. 


H-in. 

%6-in. 

M-in. 

%-m. 

^-in. 

M-in. 

1-in. 

1^-in. 

0.25%- 

0.50% 

1.75% 

9.750/0 

25.25% 

53.00/0 

80.75% 

100.0% 

Voids  by  volume 50.0  per  cent. 

The  stone  is  a  broken  trap  rock  of  very  good  quality. 


Table  2  shows  the  analyses  of  the  various  cements  used  in  prepar- 
ing the  specimens. 

TABLE   2.— 
By  Mr.  Herbert 


Brand ■ 

I 

Vulcanite, 

Alpha, 

Giant, 

Mixed  equally. 

(Average  alumina.) 

Lehigh, 

Helderberg, 

Mixed 

equally. 
(Low  alumina.) 

Atlas. 
(High 
alumina.) 

Blanc. 

(White 
Portland). 

Percentage    passing   No 
sieve ... 

100 

94.8 

79.6 

1  hr.  35  min. 

4  hr.  45  min. 

22 
313 
660 
755 

93.8 

78.8 

3  hr.  10  min. 

5  hr.    0  min. 

22 
312 

636 

741 

94.2 

76.2 

lhr.45min. 

4  hr.  10  min. 

22 
342 
677 
744 

94.4 

Percentage   passing   No 
.sieve 

200 

75.0 

Initial  set 

Ohr.  25  min. 

Final  set 

3hr.   20  min. 

Percentage  of  water 

33 

24   hr.  neat,  pounds  tension. 
7  days    "           "            " 
28  days    "           "             " 
48  hr.  moist  air,  pounds,  ten- 
sion 

277 
549 
726 

Percentage  of  water 

22 
264 
360 
9 
217 
318 
10 
0.96 
22.08 
7.21 
2.57 
62.60 
2.74 

1.56 
1  to  9,  inclusive.    | 
20  to  24,  inclusive.  ) 

22 
184 
312 
9 
133 
271 
10 
1.04 
23.40 
5.61 
2.37 
62.90 
2.51 

1.53 
14  and  15 

22 
272 
304 
9 
168 
311 
10 

1.06 
21.46 
8.50 
2.44 
61.64 
2.58 

1.75 
12  and  13 

23 

191 

28    '•            "           "      1:3 

Percentage  of  water 

319 
9 

7  days.  Bank  sand,  1:3 

28     "          "        "      1:3 

159 
218 

Percentage  of  water 

10 

Loss  on  ignition,  Percentage. 
Silica  (Si02K 
Alumina  (AI2OS) 
Iron  oxide  (FeoOa) 
Lime  (CaO) 
Magnesia  (MgO) 
Sulph.  anhydride  (SO3),  Per- 
centage   

1.69 

24.58 
8.22 
0.29 

62.70 
1.11 

1.33 

Specimen  numbers 

i 

10  and  11 

Papers.  1 


TESTS  OF  CONCRETE  IN  SEA  WATER 


1579 


The  analysis  of  the  water  used  iu  mixing  the  specimens  is  indicated 
clearly  enough  by  the  analysis  of  tap  water  at  the  time,  as  stated  in 
the  report  of  the  Metropolitan  Water  and  Sewerage  Board.  It  is  as 
follows : 

Analyses   of   Water    (Eeport   of   Metropolitan   Water   and    Sewerage 
Board,  1909,  p.  232.)    Water  taken  from  tap  at  State  House, 
Boston,  Mass.,  February  1st,  1909. 
Parts  per  100  000. 
Appearance:  Turbidity   very   slight.      Sediment,   slight. 

Color:  Platinum  standard.     20. 

Odor:  Cold:     Decided  geranium,  Asterioneila. 

Hot:.  "  "  " 

Residue  on  evaporation:  Total  3.5.     Loss  on  ignition,  1.2. 


Cement 

Analyses. 

L.  Sherman. 

Univer- 
sal. 

Hermmoor 
Erz. 
(Iron  ore.) 

Vulcan 
Alpha. 
Giant  . 
Pulv.  cl 

te...  )  Mixed 

V  equally, 

)    95% 

Vulcanite. .  |  Mixed 

Alpha V  equally. 

Giant )    90% 

Hyd.  lime,  10%. 

Vulcar 
Alpha. 
Giant  . 
Mixed 

**«••!  Mixed 
r  equally. 

(Slag.) 

ay,  5%. 

sea  water, 

95.6 

95.8 

Clay 

99.0 

Hyd.  lime    95.2 

78.8 

82.6 
45  min. 

Clay 
Ihr. 

58.0 
40  min. 

Hyd.  lime    88.2 
10  min. 

35  min. 

1  hr. 

15  min. 

2hr. 

26  hr. 

4hr. 

40  min. 

4hr. 

4hr. 

30  min. 

22 
315 

608 
717 

22 

0.0* 
441 
641 

223 

22 
132 
234 

10 
108 
174 
11 

0.91 
24.28 

0.94 

9.08 
62.12 

0.43 

22 

248 
723 
762 

25 

276 
5(56 
717 

22 
339 
690 
735 

22 
194 
258 

22 
211 

255 

9 

169 

222 

10 

0.96 
22.08 
7.21            Alo 
2.57           Fea 
62.60-0 
2.74  £-> 

25 

148 
216 
9 
117 
182 
10 

20.24  (18.73 
1.32  and  in 

45.88 
31 .62 

22 

204 

9 
166 
181 

9 
223 

10 

2.82 
30.42 

8.04 

3.04 
62.16 

1.63 

io 

ivater) 
soluble  matter 

1.73 

1.75 

1.56  U    CaOa                1.51 

18  and  19 

16  and  17 

24       K                                22 

21 

*  No  strength  on  24-hr.  neat  test ;  cement  did  not  have  hard  set. 
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Ammonia : 


Chlorine : 
Nitrogen :  as 

Oxygen  consumed: 
Hardness : 


Free  0.0016 

Albuminoid,  Total  0.0128  \ 


Dissolved   0.0108 
Suspended  0.0020 


0.38 

Nitrates,  0.0060;  as  Nitrites,  0.0000. 

0.17 

l.Y 


The  chemical  analysis,  by  A.  L.  Babbitt,  Navy  Yard  Chemist,  of 
the  salt  water  of  Boston  Harbor  in  v?hich  the  specimens  are  immersed, 
at  low  tide,  is  as  follows  (Samples  of  sea  water  taken  February  1st. 
1916,  from  slip  between  Piers  8  and  9,  for  use  in  report  of  concrete 
test  specimens)  : 

Specific  gravity 1.0220 

Total    solids; 32  100  parts  per  million. 

Silica    1.6 

Iron    and   aluminum   oxides....  3.6 

Calcium    365.9 

,  Magnesium    1 138.7 

Sodium    9  163.0 

Potassium    508.6 

Sulphate  radical   (SO,) 2  232.2 

Chlorine    10  350.0 

Hypothetical  Combinations. 

Parts  per  Grains  per 

million.  U.  S.  gallon. 

Silica  1.6  0.10 

Iron  and  aluminum  oxides 3.6  0.20 

Calcium    carbonate 780.4  45.5 

Calcium  sulphate 181.2  10.6 

Magnesium  sulphate 2  637.7  153.8 

Magnesium    chloride 2  370.1  138.2 

Sodium  chloride 23  290.5  1  357.8 

Potassium    chloride 966.3  56.3 

And  at  high  tide  as  follows: 

Specific    gravity 1.0217 

Total    solids 31  820. 

Silica    1.2 


parts  per  million. 
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Iron  and  aluminum  oxides 3.6  parts  per  million. 

Calciimi    354.5 

Magnesium    1  117.1 

Sodium    9  041.0 

Potassium    503.4 

Sulphate  radical   (SO,) 2  286.6 

Chlorine    15  980.0 


Hypothetical  Combinations. 

Parts  per  Grainsjper 

million.  U.S.  gallon. 

Silica  1.2  0.07 

Iron  and  aluminum  oxides 3.6  0.20 

Calcium  carbonate 844.2  49.2 

Calcium  sulphate 39.6  2.3 

Magnesium   sulphate 2  831.5  165.1 

Magnesium  chloride 2  132.1  124.3 

Sodium  chloride 22  980.4                 1  339.8 

Potassium  chloride 956.4  55.9 

Table  3  shows  the  scheme  of  the  tests.     For  the  purpose  of  this 
report,   they   have  been   arranged   in   eleven   series,   according  to   the 
cement   used.      Those   in    series   II   to    XI,    inclusive,    in    every   case 
have  parallel  tests  in  Series  I,  which  is  the  principal  one. 
Table  S-A  gives,  for  each  specimen : 

(o)   The  important  dates ; 

(fe)  The  materials  of  which  made; 

(c)   The  proportions. 

The  percentage  of  water  used,  as  given  in  the  tables,  is  not  an  abso- 
lute guide  to  the  quantity  in  the  concrete,  because,  during  a  portion  of 
the  tests,  a  snow  storm  caused  the  sand  and  stone  to  become  wetter 
initially. 

The  progressive  condition  of  the  specimens  is  shown  in  Table  4 
where  the  information  is  collated  for  convenient  reference. 

The  observations  as  to  condition  of  the  specimens  were  made  at 
various  times  by  Mr.  E.  S.  Phelps,  DeWitt  C.  Webb,"  M.  Am.  Soc.  C.  E., 
Civil  Engineer,  U.  S.  Navy,  and  by  the  writer. 
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TABLE  3.- 


Propor- 
tions. 

Series  I. 

Mixed  Cement. 

AvKRAGE  Alumina. 

AL2O3      7.21% 

MgO         2.74% 

Series  II. 

Blanc 

Cement. 

AL0O3    8-22% 

MgO        1.11% 

Series  III. 

Atlas 

Cement. 

AL2O8    8.50/0 

MgO       2.58% 

Series  IV.' 
Helderberg 
AND  Lehigh 

Cement. 
AL2O8    5.6I0/0 
MgO       2.51% 

Series  V. 

Hermmoor 
Erz  Iron  Ore 

Cement. 
AloOs    0.94% 
MgO       O.430/0 

No.  of 
Speci- 
men. 

Water,  in 
pounds  per 
cubic  foot. 

No. 

Water. 

No. 

Water. 

No. 

Water. 

No. 

Water. 

1:1    :  2 
1:1    :2 
1:1     :2 

1 

2 
3 

Dry             9.3 
Wet          10.4 
Very  wet  12.5 

10 

Wet  10.2 

12 

Wet  11.0 

14 

Wet  11.7 

16 

Wet  11.1 

1:2^:41^ 
l:2>i:4i^ 
1:2^:4^ 

4 
5 

Very  dry   5.9 
Wet             7.1 
Very  wet  12.2 

1  :3     :6 
1  :3     :6 
1:3     : 6 

8 
9 

Very  dry   5.8 
Wet             7.7 
Very  wet  11.3 

H 

Very     i 

wet      > 
12.1      ( 

,3] 

Very     ) 
wet      V 
11.3      ( 

H 

Very    ) 
wet    > 
11.7     ! 

H 

Very     ) 
wet     V 
10.3 

Note.— The  weight  of  water,  in  pounds  per  cubic  foot,  takes 

A  very  careful  examination,  by  three  experienced  observers,  was 
made  in  April,  1914,  at  low  tide,  of  all  the  specimens,  and  they  were 
graded  and  classified  on  the  spot  in  accordance  with  their  condition 
at  the  time.  The  estimates  of  grade  and  class  were  on  the  basis  of 
durability  or  serviceability  of  the  concrete,  as  if  it  were  in  actual 
service.  The  examination  was  made  after  the  specimens  had  been  in 
the  water  5  years,  since  which  time  there  have  been  no  changes  of  note. 
The  various  classes,  especially  the  upper  ones,  grade  into  one  another 
with  definite,  but  without  particularly  strong,  dividing  lines.  The 
specimens  in  each  class  are  arranged  from  left  to  right  in  the  order  of 
durability. 

The  following  is  a  copy  of  the  report  on  classifying  and  grading 
the  specimens : 

"April  1st,  1914. 

"Specimens  graded  largely  as  to  condition  at  point  of  maximum, 
deterioration. 

"Specimens  in  order  of  durability. 

"Elevation  of  tide,  1  ft.  above  mean  low  water  at  time  of  ex- 
amination. 
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Scheme  of  Tests. 


Series  VI. 

Universal. 

Slag 

Cement 

ALoOs  8.040^, 

MgO     1.6S9o 

Series  VII, 

LIKE  Series  I, 

Concrete 

EXTRA 

well  mixed. 
AloOs    7.21O0 
MgO       2.74% 

Series  VIII, 

like  Series  1, 

using  ska 

WATER. 

Series  IX, 

LIKE 

Series  I, 

WITH  LIME. 

Series  X, 

LIKE 

Series  I, 

with 
Sylvester 
Solution. 

Series  XI, 

like 
Series  I, 

with 
5%  Clay. 

No. 

Water. 

No. 

Water. 

No. 

Water. 

No. 

Water. 

No. 

Water. 

No. 

Water. 

•«{ 

Wet  1 
11. 5f 

Series  XII. 

■'] 

Very  ) 

wet    y 
13.03    ) 

H 

Very    1 
wet     V 
9.7    ) 

H 

Very   ) 
wet    V 
9.7     ) 

22  j 

Very  ) 

wet  V 
10.7  ) 

.] 

Very) 
wet  V 
9.6   ) 

H 

Very  1 

wet  > 
9.5   ) 

Series  XIII. 

no  account  of  moisture  in  the  ingredients  before  mixing. 

Class  1 :  Perfect  condition ;  No.  14. 

Class  2 :  Nearly  perfect  condition ;  Nos.  3,  16. 

Class  3 :  Very  fine  condition,  but  with  slight  deterioration ;  Nos. 

18,  12,  10,  2. 
Class  4:  Very  good  condition,  but  with  some  deterioration;  Nos. 

6,  5. 
Class  5:  Good  condition,   but   with   deterioration   apparent;   Nos. 

15,  20,  24,  17,  1. 
Class  6:  Fair  condition;  deterioration  apparent;  concrete  soft  in 

spots  near  low-water  mark;  Nos.  9,  11,  13. 
Class  7:  Poor    condition;    decided    deterioration;    concrete    shows 

deterioration  at  low  water;  Nos.  4,  8. 
Class  8:  Very   bad   condition;    concrete    disintegrated    and   badly 

eroded  above  low  water;  Nos.  22,  19,  23. 
Class  9 :  Exceedingly  bad  condition ;  concrete  totally  disintegrated 

and  eroded  above  low  water  line,  No.  7." 

The  following  specimens  showed  deterioration  between  the  1914 
and  1916  inspections,  arranged  in  the  order  of  greatest  deterioration: 
Nos.  22,  19,  23,  7,  11,  4.    The  remaining  specimens  show  no  noticeable 
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TABLE  3-4.— Data  Relating 


Kind  of 
mixture. 


Bry. 

Plastic. 

Very  wet. 

Dry. 

Plastic. 

Very  wet. 

Quite  dry. 

Plastic. 

Wet. 

Wet. 

Wet. 

Wet. 
Wet. 
Wet. 
Wet. 

Wet. 


Dates:  (All  in  1909.) 


Jan.  8 
Jan.    8 

Jan.    9 

Jan.  9 
Jan.  9 
Jan.    9 

Jan.  11 

Jan.  11 
Jan.  11 
Jan.  IS 

Jan.  12 

Jan. 12 
Jan.  12 
Jan.  13 
Jan.  13 

Jan.  15 


Jan.  9 
Jan.  11 

Jan.  11 

Jan.  11 
Jan.  11 
Jan.  11 

Jan.  13 

Jan.  13 
Jan.  13 
Jan.  14 

Jan.  14 

Jan.  14 
Jan.  14 
Jan.  15 
Jan.  15 

Jan.  18 


Mar.  1 
Mar.    1 

Mar.     1 

Mar.  1 
Feb.  23 
Feb.  23 


Feb.  2' 


'] 


Feb.  -a 
Feb.  23 
Feb.  27   -' 

Feb.  27  -j 

Feb.  27  -j 

Feb.  27  -j 

Feb.  23  \ 

Feb.  27  \ 

Feb.  23 


Kinds  of  cement 
used. 


Equal  parts  of 

Vulcanite,  Alpba, 

and  Giant. 
Equal  parts  of 

Vulcanite,  Alpha, 

and  Giant. 

Equal  parts  of 
Vulcanite,  Alpha, 
and  Giaut. 

Equal  parts  of 

Vulcanite,  Alpha, 

and  Giant. 
Equal  parts  of 

Vulcanite,  Alpha, 

and  Giant. 
Equal   parts  of 
Vulcanite,  Alpha. 

and  Giant. 

Equal  parts  of 
Vulcanite,  Alpha, 
and  Giant. 

Equal  parts  of 
Vulcanite.  Alpha, 
and  Giaut. 

Equal  parts  of 
Vulcanite,  Alpha, 
and  Giant. 

Blanc 
(white  Portland). 


Blanc 
(white  Portland). 


Atlas,  high  in  alu- 
mina. 

Atlas,  high  in  alu- 
mina. 

Eqtial  parts  of 
Heidelberg  and 
Lehigh. 

Equal  parts  of 
Helderberg  and 
Lehigh. 

Iron  ore  (Herm- 
nioor  Erz)  (Ger- 
man). 


Proportions. 


1:1:2 
1:1:2 

1:1:2 


1  :  2H  :  414 
j-     1  :  8^  :  41.^ 
!•     1  :  234  :  4^3 
1:3:6 

1:3:6 
1:3:6 
J-        1:1:2 

[         1:3:6 

[         1:1:2 
!•         1:3:6 
1:1:2 
1:3:6 
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Weights  (All  in  Podnds)  : 


■Sj3 
*  O 

^^ 

o 


1  i! 


I    125) 
I    150  i 

111 

m 

r   47-1 

ill 

r  601 

J  60  1 

1  60  f 

I  60j 

f  88-) 

J  85  I 

L     85j 

\  ^o4 

I    110) 
r   100-1 

111 

111 

I     60  J 

m 

I     50J 


105) 

105 

105 


-  -  «2 

P.  &  8  * 


1128 
1128 

1128 

1128 
1128 
1128 

1504 

1504 

1504 
1128 

1455 

1128 
1504 
1128 
1504 

1131 


4057.5 
4267.5 

4197.5 

4122.5 
4127.5 
4297.5 

4097.5 

4202.5 

4162.5 
4267.5 

4297.5  146.20 

4172.5  !l45.9 
142.8 
4077.50 
4072.. 50 


152.1 
151.06 

145.04 

145.82 
150.3 
152.2 

142.5 


145.4 


4047.5 


4287.5 


144.2 
142.7 


149.6 


9.3 
10.4 

12.5 

5.9 

7.1 
12.2 

5.8 

7.7 

11.3 
10.2 

12.1 

11.0 
11.3 
10.7 
11.7 

11.1 


s" 


26.68 
28.25 

28.044 

28.267 
27.46 

28.225 

28.74 

28.67 

28.62 
30.03 

29.39 

28.58 
28.34 
28.27 

28.52 


a>  o 


a)  c6 


6.1 
6.9 

8.4 

4.0 
4.7 
8.0 

4.1 

5.7 

7.8 
7.1 

8.5 

7.5 

7.9 
8.1 

8.2 

7.4 


*>  Art 

is  0)  M 


Oh  05 


22     -j 
25.2-! 


37.6 

14.6 
17.2 
31.4 


16 


Condition  of  concrete  after  mixing. 


Water  glistened,  but  did  not  spatter 
or  quake. 

No  water  spotted  surface  from  tamp- 
ing, but  a  little  movement  could  be 
seen  12  in.  from  tamp. 

Soft  enough  to  run  out  of  overturned 
wheel-barrow,  but  would  not  flow 
like  syrup.  First  two  batches  re- 
quired a  little  tamping.  Third  batch 
showed  quake  when  tamping. 

No  free  water, but  suiface  was  moist. 
Shoveled  from  barrow  and  every 
shovelful  tamped  by  two  men. 

Top  surface  quite  wet.  Just  barely 
spattered,  and  quaked  a  very  little 
at  a  few  inches  from  tamp. 

Nothing  in  report. 


When  filled  glistened  at  a  point  about 
4  ft.  from  end.    Did  not  quake. 

Moderate  tamping  showed  quaking; 
spots  of  water  on  surface. 


22  8  J  Forms  filled  and  water  ran  off,  spat- 
1     tered  and  quaked. 


26.2 


24.2-i 


28. 


29.2 


quaked 

Quaked  when  tamped  lightly.  Quite 
wet  when  dumped.  Cement  acted 
quickly. 

Flowed  off  shovel  easily.  Showed 
quaking,  ,aad  spattered'  from  light 
tamping.  Concrete  when  tamped 
flowed  water  off  form.  This  con- 
crete set  before  that  of  No.  10  speci- 
men made  previously. 

Quaked  with  light  tamping.  Spotted 
on  surface. 

Flowed  off  shovel  easily.  Tamping 
showed  quaking.  Spattered  when 
tamped  hard.  Surface  glazed.  Light 
tamping  showed  quakes. 

Quakes  with  light  tamping.  Spat- 
tered and  showed  water  on  surface. 

Showed  quaking,  light  tamping.  Sur- 
face glistens. 

When  leveled  off  showed  oily  streaks 
in  water  on  top.  Very  dark,  more 
like  black  mud  mixtuie.  Very  oily 
surface.  Showed  quake  in  light 
tamping.  Very  soft  after  24  hours' 
set;  finger  nail  made  impression. 


1586 


TESTS  OF  CONCRETE  IN  SEA  WATER  [Papers. 

TABLE  3-A.— 


20 


23 


24 


Kind  of 
mixture. 


Wet. 


Wet. 


Wet. 


Quite  wet. 


Wet. 
(Sea 
water.) 

j      Wet. 
I  (Lime.) 

Wet. 

(Sylvester 
solution.) 

Wet. 
(Clay.) 


Dates  :  (All  in  1909.) 


Jan.  15 


Jan.  13 


Jan.  13 


Jan.  14 


Jan.  14 


Jan.  16 


Jan.  16 


Jan.  16 


> 

U  O 


Jan.  18 


Jan.  15 


Jan.  15 


Jan.  16 


Jan.  16 


Jan.  18 


Jan.  18 


Jan.  18 


Feb.  27 


Feb.  27 


Feb.  23 


Feb.  23 


Feb.  23 


r 

Feb.  23  -( 


Feb.  23 


Feb.  23  -j 

I 


Kinds  of  cement 
used. 


Iron  ore  (Herm- 
moor  Erz)  (Ger- 
man). 

Universal  (slag). 


Universal  (slag). 


Vulcanite,  Alpha, 
and  Giant, 
mixed. 

Vulcanite,  Alpha, 
and  Giant, 
mixed. 

Vulcanite,  Alpha, 
and  Giant,  with 
one-tenth  hy- 
drated  lime. 

Vulcanite,  Alpha, 
and  Giant, 
mixed. 

Vulcanite,  Alpha, 
and  Giant, 
mixed  with 
pulv.  clay. 


Proportions. 


1:3:6 


1:1:2 


1:8:6 


1:3:6 


1  :3 


1  cement : 

1/20  pulv.  clay: 

3  sand: 

6  stone. 


m 

3 

m 
m 


m 


deterioration  between  1914  and  1916.  It  is  to  be  noted  that  all  those 
that  have  deteriorated  are  in  the  lowest  classes  as  to  durability. 
Careful  consideration  showed  that  the  classification  made  in  1914  need 
not  be  changed. 

All  specimens  since  1914  have  become  coated  with  a  fine  layer  of 
crude  fuel  oil  between  extreme  high  and  low  waters.  This  coating 
hides  many  of  the  minor  defects  in  the  specimens.  The  oil  comes  from 
the  outlets  placed  on  Pier  9  for  fueling  naval  vessels. 

The  report  of  April,  1914,  on  the  durability  of  the  concrete,  forms 
the  basis  for  all  the  analyses  of  the  results  and  for  all  the  conclusions 
drawn.  A  tabulation  and  a  discussion  of  results  is  offered  in  the  fol- 
lowing pages.  Reference  is  made  particularly  to  Table  3,  showing  the 
scheme  of  the  tests  and  the  division  of  the  tests  into  thirteen  series, 
each  devised  to  show  the  effect  of  some  particular  condition,  material, 
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Weights  (All  in  Pounds)  : 

1  . 

^. 

0  QJ 

0* 

0  cU     . 

a  ^ 

®  0    . 

Ill 

pug 

> 

a 

It 

0"" 

M«*e 

O 

p  1) 

s 

■3 

0 

It 

1/ 
Oh 

<1H    0 

0  0 

1.9 
0 

Condition  of  concrete  after  mixing. 

0 

0 

> 

r     801 

;    80 1 

1     80  f 
1     53I 

\ 

Water     showed     on     oily     surface. 

293 

1417 

4172.5 

145.9 

10.2 

38.59 

7.0 

20.8^ 

Quaked  on  tamping.    After  3  days 

( 

showed  a  crust  on  surface. 

000 

330 

1128 

4162.5 

145.6 

11.5 

28.58 

7.9 

29.2] 

Quaked  with  light  tamping.  Very 
dark  in  color.  ■ 

1001 
1    100  i 
1    100  f 

( 

Quaked  from  light  tamping.  Showed 

370 

1410 

4072.5 

143.3 

13.3 

28.43 

8.6 

25.6  ' 

water   on    surface,  not   enough  to 

I 

spatter  from  tamping. 

r    751 

SI 

I     50  J 

r     751 

19. si 

Showed  quaking  and  spattered  when 

275 

1410 

4112.5 

145.5 

9.7 

28.26 

6.7 

spading  sides.    Water  flowed  over 

\ 

surface  and  down  sides  of  forms. 

1    75  f 

275 

1410 

4147.5 

147.0 

9.7 

28.21 

6.6 

19.5| 

Showed  quake ;  water  flowed  over 
surface. 

I     50  J 

r  901 
i    ^H 

1      90( 
50j 

r  801 

80, 

85  ( 

I     53J 

( 

Showed  quake  on  light  tamping;  also 

325 

1410 

4172.5 

146.7 

10.7 

28.43 

7.3 

22.7^ 

spattered.  Specimen  cracked  in  cen- 

1 

ter. 

298 

1410 

3997.5 

137.9 

9.6 

28.97 

7.0 

21.2] 

Quaked  and  spattered  when  tamp- 
ing. Very  fine  cracks  near  middle. 

f     '75I 
I     50j 

275 

1410 

4097.5 

151.6 

9.5 

26.97 

6.2 

19.5] 

Showed  quaking,  and  spattered  from 
light  tamping. 

or  process.     The  scheme  of  tests  is  as  planned  by  those  who  originally 
laid  them  out;  the  table  is  devised  for  the  purpose  of  this  paper. 

The  following  important  results  are  shown  by  an  examination  of 
Table  5 : 

(a)  The  effect  of  proportions  of  materials  is  the  most  marked 

phenomenon  developed  in  the  tests. 
(fe)  In  every  instance  the  specimen  richer  in  cement  is  more  dur- 
able than  the  corresponding  leaner  specimen,  which  is  shown 
in  detail  by  referring  to  Table  3  in  connection  with  Table  5, 
as  follows: 
!N'o.    1  is  better  than  No.    4  which  in  turn  is  better  than  No.  7. 


li 

2  " 

u 

11 

11 

5 

a 

ii 

11 

a 

3  " 

a 

11 

11 

6 

ii 

li 

li 

li 

10  " 

li 

ii 

11 

11 
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No.  12  is  better  than  No.  13 
«     -j^^  «       i(        u     (I     2g 

K        -lO    ((  U  ((  H        -tij 

i(      2g    a  a  u       a      ^9 

(c)  Only  specimens  of  1:1:2  mixture  appear  in  the  first  three 

classes. 
id)  The  specimens  of  1 :  2^ :  4^  (the  next  richer)  mixture  appear 

in  Class  4. 
(e)  The  one  specimen  of  1:1:2  mixture,  viz.,  No.  1,  and  those 

specimens  of  1 :  2^ :  4^  mixture  which  fall  below  the  others  of 

their  class,  evidently  do  so  from  being  mixed  dry. 
(/)  The  poorest  specimens  were  of  1:3:6  mixture. 

TABLE  5. — Classification  of  Concrete  Specimens,  After  5  Years 
OF  Exposure  in  Sea  Water,  in  the  Order  of  Durability,  Show- 
ing THE  Influence  of  the  Proportions  of  Material. 
Analysis  of  Series  I  to  VII,  inclusive.  Table  3. 
1:1:2  mixtures  marked  O 
1 :  2i :  4i  mixtures  marked  I     I 
1:3:6  mixtures  not  marked. 


Specimen  No. 


Durability. 

Class 

I... 

Class 

II... 

Class 

Ul... 

Class 

IV... 

Class 

V... 

Class 

VI... 

Class 

VII... 

Class  VIIl... 

Class 

IX... 

@ 
® 
® 

H 

15 
9 

Q 

22 

7 


® 
® 

m 

20 


19 


® 

34 
13 


® 


® 


The  important  effects  of  the  quantity  of  water  used  in  mixing  are 
as  follows: 

(a)  The  weight  of  water,  in  pounds  per  cubic  foot  of  concrete, 

takes  no  account  of  moisture  in  the  ingredients  before  mixing. 

(&)  Specimens  1,  2,  and  3  were  made  in  order  to  test  the  effect 

of  varying  proportions  of  water.    The  results  show  durability — 

least  with  the  dry  and  greatest  with  the  very  wet. 
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(c)  Specimens  4,  5,  and  6,  also  made  to  test  the  effect  of  varying 
proportions  of  water,  show  least  durability  with  the  dry  and 
greatest  with  the  very  wet,  this  being  slightly  better  than 
the  wet. 

{d)  Specimens  T,  8,  and  9  were  also  made  to  test  the  effect  of 
varying  proportions  of  water,  and  again  show  least  durability 
with  the  dry  and  greater  with  the  very  wet  specimen. 

(e)  In  general,  the  results  show  that  dry  mixtures  are  of  the  least 
value,  and  that  wet  or  very  wet  mixtures  decidedly  improve 
the  durability. 

TABLE  6. — Classification  of  Concrete  Specimens,  After  5  Years 
OF  Exposure  in  Sea  "Water,  in  the  Order  of  Durability,  Show- 
ing THE  Influence  of  the  Quantity  of  Water  Used  in  Mixing. 
Analysis  of  Series  I  to  XIII,  inclusive,  Table  3. 

Specimens  of  a  dry  mixture  marked  D. 

Specimens  of  a  wet  mixture  marked  W. 

Specimens  of  a  plastic  mixture  marked  P.,  equals  wet  W. 

Specimens  of  a  very  dry  mixture  marked  V.  D. 

Specimens  of  a  very  wet  mixture  marked  V.  W. 

Pounds  of  water  per  cubic  foot  of  concrete  shown  below  the  number. 


Durability. 

Specimen  No. 

Class 

I... 

W. 

14 

11. r 

Class 

II... 

V.  W. 

3 
12.5 

W. 

16 
11.1 

' 

Class 

III... 

W. 

18 
11.5 

w. 

12 
11.0 

W. 

10 
10.2 

P      2 
10.4 

Class 

IV... 

v.  W. 

6 
U.2 

P. 

5 
7.1 

Class 

V... 

W. 

15 
11.7 

V.  w. 

20 
9.7 

24 
"975 

W    ^ 
^-  10.2 

"■^ 

Class 

VI... 

W. 

9 
11.3 

w. 

11 
12.1 

W. 

13 
11.3 

Class 

VII... 

D. 

4 
5.9 

p. 

8 
7.7 

Class  VIII... 

W. 

22 

10.7 

w. 

19 
lO 

23 

9.6 

Class 

IX... 

V.  D. 

7 
5.8 
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TABLE  7. — Classification  of  Concrete  Specimens,  Aftek  5  Years 
OF  Exposure  in  Sea  Water,  in  the  Order  of  Durability,  Show- 
ing the  Influence  of  the  Quantity  of  Water  Used  in  Mixing. 
Analysis  of  Series  I  (Table  3). 


Durability. 

Very  wet. 

Wet. 

Dry. 

Class        I 

® 

9 

® 
5 

8 

Class      II 

Class    III 

Class     IV 

Class       V 

© 

Class     VI  

Class   VII 

3 

Class  VIII... 

Class     IX 

7 

Table  7  shows  more  clearly  than  Table  6  the  effect  of  varying  quan- 
tities of  water  used  in  mixing,  because  only  those  specimens  are  in- 
cluded which  were  devised  to  test  this  particular  feature.  The  results 
were  as  follows : 

(a)   The  bad  effect  of  a  "dry"  mixture  is  plainly  shown.     In  each 
of  the  three  series  the  dry  specimen  is  the  least  durable  and 
the  very  wet  the  most  durable. 
(h)   The  1:1:2  mixture  is  the  most  durable  of  each  of  the  three 
classes  of  specimens,  the  dry,  the  wet,  and  the  very  wet. 

(c)  The  1 :  2^ :  4^  mixture  is  more  durable  than  the  1 :  3 :  G  in  each 
of  the  three  classes  of  specimens,  the  dry,  the  wet,  and  the 
very  wet. 

(d)  Dryness  of  mixture  has  caused  one  of  the  specimens  (No.  1), 
rich  in  cement,  to  be  less  durable  than  two  (Nos.  5  and  6), 
with  a  lesser  proportion  of  cement.  Also,  a  dry  specimen 
having  a  medium  quantity  of  cement  (No.  4)  proved  less 
durable  than  a  wet  specimen  with  less  cement. 

The  following  are  the  important  results  developed  as  shown  by 
Table  8 : 

(a)  It  happens  that  the  two  most  durable  specimens  are  those 
lowest  in  alumina  content,  and,  above  a  percentage  of  7  in 
alimaina  content,  no  relation  to  durability  is  apparent. 
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(fe)  The  relation  of  magnesia  content  to  durability  is  not  estab- 
lished, although  it  is  noted  that  the  first  three  specimens 
have  a  lower  total  magnesia  content  than  the  last  three;  but 
this  condition  is  not  borne  out  in  Series  XIII,  Table  9. 

(c)  It  is  a  curious  condition  that  in  the  two  best  specimens  the 
relation  between  the  alumina  content  and  the  magnesia  con- 
tent is  2.2,  the  lowest  of  any. 

TABLE  8. — Classification  of  Concrete  Specimens,  After  5  Years 
OF  Exposure  in  Sea  Water,  in  the  Order  of  Durability,  Show- 
ing THE  Effects  of  the  Alumina  and  Magnesia  Content. 
Analysis  of  Series  XII  (1:1:2  mixture).  Table  3. 


Order  op  Durability. 

AlzOs. 

MgO. 

Total 
AI0O3 
and 
MgO. 

Factor 
AI2O3 

Class. 

No. 

divided  by 
MgO. 

I 

II 

14 
16 

18 
12 
10 
2 

5.610,5 
0.94 
8.04 
8.50 

8.23 
7.21 

3.519o 

0.43 

1.63 

2.58 

1.11 

2.74 

8.120/0 
1.37 
9.64 
11.08 
9.33 
9.95 

2.2 
2.2 

Ill  

4.9 

3.3 

7.4 
2.6 

TABLE  9. — Classification  of  Concrete   Specimens,  After  5  Years 
OF  Exposure  in  Sea  Water,  in  the  Order  of  Durability,  Show- 
ing the  Effect  of  the  Alumina  and  Magnesia  Content. 
Analysis  of  Series  XIII  (l:2J:4i  mixture).  Table  3. 


Order  of  DxmABiLiTY. 

AI2  O3. 

MgO 

Total 
AI2O3 
plus 
MgO. 

Factor 
AI2O3 

Class. 

No. 

divided  by 
MgO. 

V 

15 
17 
9 
11 
13 
19 

5.6196 

0.94 

7.21 

8.22 

8.50 

8.04 

2.51% 

0.43 

2.74 

1.11 

2.58 

1.63 

8.12% 
1.37 
9.95 
9.33 
11.08 
9.67 

2.2 

VI 

2.3 
2.6 

VIII  

7.4 
3.3 
4.9 

The  following  are  the  important  results  developed  as  shown  by 
Table  9: 

(a)  It  happens  that  the  two  most  durable  specimens,  as  in  Table  8, 
are  those  lowest   in   alumina   content.     Again,   above   a   per- 
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centage  of  7  in  alumina  content,  no  definite  relation  to 
durability  is  apparent. 

(h)  There  is  no  apparent  relationship  of  magnesia  content,  within 
the  limits  obtained,  to  durability. 

(c)  It  is  a  curious  condition  that  in  the  two  best  specimens  the 
relation  between  the  alumina  content  and  the  magnesia  con- 
tent is  2.2,  the  lowest  of  any. 

TABLE  10. — Classification  of  Concrete  Specimens,  After  5  Years 
OF  Exposure  in  Sea  Water,  in  the  Order  of  Durability,  Show- 
ing the  Durability  of  the  Specimens  as  Related  to  Cement 
Mixtures. 

Analysis  of  Series  XII  and  XIII,  Table  3. 


Class. 

Specimen  No. 

Cement. 

Rank. 

I 

14 

16 
18 
12 
10 

2 

"is 

17 

9 

11 
13 

19 

Lehigh  and  Helderberg  mixed. 

Hermmoor  Erz 

Universal  Slag 

Atlas 

Blanc 
I  Vulcanite  | 
-{  Alpha         J- mixed 
1  Giant          ) 

1 

II 

Ill 

2 
3 

IV    

4 
5 

6 

V 

Lehigh  and  Helderberg. 

Hermmoor  Erz 
I  Vulcanite  | 
-(Atlas          >  mixed 
I  (iiant         ) 

Blanc 

Atlas 

Universal  slag 

1   • 

VI 

3 
3 

VIl 

4 
5 

VIII 

6 

A  study  of  the  preceding  tables  discloses  the  results  of  tests  of 
Series  I  to  VI,  inclusive,  and  of  Series  XII  and  XIII  of  Table  3. 
There  remain  the  special  series,  numbered  VII  to  XI,  inclusive. 

Specimen  No.  20,  Series  VII,  is  like  No.  9,  Series  I,  except  that 
greater  care  was  used  in  mixing  the  ingredients.  The  notes  say: 
"Better  mixture  than  commercial  1:3:  6."  The  results  indicate  that 
this  caused  it  to  appear  in  the  class  above  its  mate,  it  being  the  fourth 
specimen  above  it  in  durability.  This  specimen  was  better  than  any 
other  in  the  whole  of  Series  XIII  except  No.  15,  which  appears  to 
have  been  favored  by  a  low  alumina  cement.  The  extra  care  used  in 
mixing  showed  a  decidedly  beneficial  result. 

Specimen  No.  21,  Series  VIII,  was  made  like  No.  9,  but  sea  water 
was  used  in  mixing.     Unfortunately,  this  specimen  was  lost  overboard, 
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and  could  not  be  recovered.  At  the  end  of  2  years  it  was  in  good 
condition  and  equal  to  No.  9,  except  for  some  slight  roughness  on 
the  face.  Evidently  the  use  of  salt  water  did  no  material  injury, 
and  was  not  as  deleterious  as  the  use  of  insufficient  fresh  water. 

Specimen  No.  22,  Series  IX,  was  mixed  with  10%  of  hydrated 
lime  substituted  for  an  equal  quantity  of  cement,  otherwise,  it  was 
the  same  as  No.  9.  The  durability  tests  show  it  to  be  two  classes 
below  No.  9,  or  the  fifth  below  it  serially  in  grade.  Evidently,  the  lime 
allowed  an  earlier  and  more  rapid  erosion.  This  specimen  is  also 
poorer  than  eight  of  the  other  ten  similar  specimens  in  series,  shov.dng 
conclusively,  so  far  as  one  specimen  can,  the  deleterious  effects  of 
the  hydrated  lime  when  used  in  concrete  immersed  in  sea  water. 

Specimen  No.  23,  Series  X,  contained  the  same  ingredients  as 
No.  9  with  the  addition  of  Sylvester  wash.  The  water  used  in  mixing 
contained  soap  solution  made  by  dissolving  light  colored  soap  in  the 
proportion  of  1^  lb.  to  15  gal.  (125  lb.)  of  water.  To  each  bag  of 
cement  was  added  3  lb.  of  powdered  alum.  The  total  quantity  of 
water  in  the  batch  was  288  lb.  and  of  cement  5  bags.  The  addition 
of  the  Sylvester,  according  to  the  results  of  the  tests,  was  decidedly 
harmful,  as  this  specimen  gave  the  poorest  result  of  eleven  similar 
ones.     The  concrete  at  the  end  of  5  years  was  in  very  bad  condition. 

Specimen  No.  24,  Series  XI,  is  the  same  as  No.  9,  except  that  to 
each  bag  of  cement  there  was  added  4f  lb.  of  clay.  The  clay  was  taken 
from  a  near-by  excavation,  dried,  powdered,  and  mixed  with  each 
bag  of  cement.  This  specimen  came  through  in  good  condition — better 
in  fact  than  its  mate,  No.  9,  and  better  than  all  the  other  specimens 
of  a  similar  mixture,  save  only  No.  15  (low  alumina  cement)  and 
No.  20  (extra  well-mixed  concrete).  There  is  evidence,  therefore, 
that  the  addition  of  5%  of  clay  to  the  cement  had  a  beneficial  effect. 

On  September  11th,  1916,  R,  J.  Wig,  Engineer-Physicist  of  the 
Bureau  of  Standards,  Washington,  D.  C,  accompanied  by  Mr.  L.  R. 
Ferguson,  representing  the  Association  of  Cement  Manufacturers, 
visited  the  Boston  Navy  Yard  in  connection  with  studies  of  action  of 
concrete  in  sea  water.  They  were  requested  by  the  writer  and  kindly 
consented  to  examine  the  concrete  specimens  and  to  rate  them  in 
accordance  with  their  condition  at  the  time  of  the  examination.  It 
may  be  noted  that  the  writer's  rating  of  the  specimens  was  made  more 
than  2  years  before.     Only  very  minor  differences  in  the  two  sets  of 
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ratings  occurred.  In  the  specimens  of  greatest  deterioration  these  dif- 
ferences can  be  explained  by  the  changes  in  rate  of  deterioration  during 
the  2-year  period.  The  minor  differences  in  the  better  specimens  is 
explained  by  possible  change  in  rate  of  deterioration  or  differences  in 
judgment  in  rating  two  specimens  nearly  alike.  The  result  as  a  whole 
is  a  very  close  confirmation  of  the  original  rating.  The  observers 
desired  to  note  that  their  examinations  of  September  11th,  1916,  were 
made  on  only  the  front  faces  and  two  sides  of  the  specimens,  as  it  was 
impossible  to  see  the  back  faces  without  a  small  boat  which  was  not 
available  at  the  time. 

The  ratings,  as  made  by  Messrs.  Wig  and  Ferguson,  are  as  follows : 

Group  1 :  Good   condition,   showing  practically   no   deterioration ; 

Nos.  14,  3,  16,  12,  10,  2. 
Group    2 :    Satisfactory    condition,    showing    little    disintegration, 

but  specimens  are  structurally  sound;  Nos.  6,  15,  18,  17. 
Group  3 :  Poor  condition,  showing  marked  disintegration  and,  if 

part  of  a  structure,  in  need  of  repair  at  once  or  at  an  early 

date;  Nos.  1,  9,  5,  20;  Nos.  4,  24,  11,  13. 
Group  4:  Bad  condition  and  structurally  unsound;  I^os.  8,  23. 
Group  5:  Total  failure;  Nos.  22,  19,  7. 

The  bottoms  of  the  specimens  are  at  such  an  elevation  that  they 
are  always  submerged  in  sea  water.  The  only  chance  for  the  exami- 
nation of  these  parts  of  the  specimen  is  when  they  are  removed  from 
their  normal  positions.  On  December  9th  and  10th,  1913,  the  speci- 
mens were  rehung  from  Pier  9.  At  that  time  the  bottom  of  each 
specimen  was  examined,  and  no  deterioration  in  the  concrete  was 
found  to  have  taken  place  in  any  of  the  specimens. 

The  tops  of  all  specimens  are  at  such  an  elevation  that  they  are 
very  seldom  submerged,  and  then  only  for  a  very  short  time.  The 
concrete  on  the  tops  of  all  specimens  appears  to  be  in  as  good  con- 
dition as  when  the  specimens  were  originally  constructed,  and  to  show 
no  deterioration,  even  in  specimens  that  have  eroded  badly  lower  down. 
There  are  signs  of  some  mechanical  wear  on  the  top  edges  of  Specimens 
iNos.  7  and  22,  but  there  is  no  appearance  of  deterioration  of  the 
concrete. 

The  8-in.  cubes  formed  at  the  time  the  larger  specimens  were  made 
are   now   as   follows :      There   are   six   8-in.    cubes   on    the   quay   wall 
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adjacent  to  Pier  9  which  are  exposed  to  the  weather  in  a  roughly  con- 
structed box.  No  deterioration  whatever  is  apparent  in  any  of  these 
specimens.  There  are  five  8-in.  cubes  in  a  single  box  placed  in  the 
dock  south  of  Pier  9  at  the  elevation  of  nfean  tide.  These  specimens 
nre  submerged  approximately  12  hours  each  day.  All  the  specimens 
except  one  show  a  disintegration  of  from  1  to  3  in.  on  the  top,  and 
the  mortar  on  all  but  one  of  them  is  soft  and  crumbling  to  the  touch, 
having  the  appearance  of  being-  dead.  There  is  one  specimen,  however, 
that  shows  but  little  deterioration ;  the  mortar  remains  hard,  holding 
the  aggregate  firmly  together.  The  top  and  one  side  only  of  each 
cube  is  exposed,  the  other  sides  being  protected  by  the  sides  of  the 
box  and  the  adjacent  cube.  The  8-in.  cubes  that  were  originally  sus- 
pended so  as  to  be  entirely  submerged  at  all  times  have  become  lost 
owing  to  the  breaking  of  the  suspension  cable  and  no  report  can  be 
made  on  them. 

Conclusions. 

The  facts  in  connection  with  these  tests  have  now  been  presented 
very  fully  at  the  risk  even  of  over-burdening  the  reader  with  details, 
but  with  the  definite  purpose  in  mind  of  allowing  him  to  draw  his 
own  conclusions  in  the  light  of  his  own  and  of  others'  experiences.  The 
series  of  experiments  has  been  very  complete  in  certain  directions  and 
was  conducted  from  the  start  with  unusual  care,  and  some  very  valuable 
conclusions  may  be  established.  Other  conclusions  of  less  importance 
may  also  be  drawn  and  be  established  with  confirmatory  experiences 
elsewhere.  Great  care  must  be  exercised  in  applying  these  conclusions 
in  predicting  results  elsewhere  under  dissimilar  conditions,  and  the 
limitations  under  which  these  tests  were  conducted  must  be  borne 
in  mind. 

It  is  desired  to  acknowledge  valuable  assistance  rendered  by 
employees  of  the  Public  Works  Department,  Navy  Yard,  Boston,  in 
connection  with  observations  and  the  preparation  of  this  paper,  espe- 
cially Mr.  E.  S.  Phelps. 
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Form  of  Agreement,  Including  Specifications,  for  Test  of  Concrete 
Specimens,  to  be  Carried  Out  at  the  Navy  Yard,  Boston,  Mass. 

This  Agreement,  mutually  entered  into  between  the  United  States 
Navy  Department,  party  of  the  first  part,  and  the  Aberthaw  Con- 
struction Company,  a  corporation  of  Maine,  having  a  usual  place  of 
business  in  Boston,  ■  party  of  the  second  part,  Witnesseth,  that  the  said 
party  of  the  second  part  agrees  to  build  at  the  Boston  Navy  Yard  a 
series  of  specimens  to  test  the  durability  of  concrete  in  sea  water,  said 
specimens  to  be  built  in  accordance  with  the  specifications  hereto 
attached. 

It  is  agreed  that  the  party  of  the  second  part  is  not  to  put  the 
Government  to  any  expense  in  connection  with  these  tests,  and  the 
party  of  the  first  part  does  not  guarantee  that  the  piers  may  not  be 
disturbed  as  exigencies  of  the  Navy  Yard  interests  may  require.  As 
these  experiments  are  a  matter  of  considerable  interest  to  the  Govern- 
ment, its  representatives  will  endeavor  to  continue  the  tests  as  long 
as  it  may  be  possible  so  to  do. 

The  party  of  the  second  part  agrees  that  all  work  shall  be  done 
in  the  presence  of  a  representative  of  the  Government,  and  that  due 
notice  of  the  intention  to  undertake  work  shall  be  given  to  the  Com- 
mandant and  to  the  Civil  Engineer  of  the  Yard  in  time  for  them  to 
make  arrangements  for  a  representative  to  be  present. 

In  witness  whereof,  the  said  parties  have  interchangeably  signed 
and  sealed  this  agreement  on  the  28th  day  of  December,  1908. 

Ered  Thompson, 

Civil  Engineer,  U.  S.  N. 
Aberthaw  Construction  Co., 

by  L.  C.  Wason,  Pres. 

Specifications  for  Test  Specimens  of  Concrete  to  be  Immersed  in 

Sea  Water  by  the  United  States  Navy  Department, 

December,  1908. 

Object. — The  object  of  these  tests  is  to  determine  what  the  action 
of  sea  water  is  upon  concrete,  both  as  regards  climatic  conditions  and 
chemical  action.  The  tests  are  to  be  made  as  nearly  as  possible  in 
conformity  with  usual  commercial  work,  in  order  to  be  comparable 
in  all  respects  with  actual  work. 

How  Done. — The  specimens  are  to  be  built  in  accordance  with 
the  requirements  of  the  Navy  Department,  and  under  their  direct 
supervision,  and  in  accordance  with  the  following  detailed  specifi- 
cations. 

They  are  to  be  built  in  molds  in  the  sea  or  in  such  other  position 
as  may  be  directed,  and  exposed  for  easy  inspection  and  for  photograph- 
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ing.  They  shall  be  marked  so  as  to  be  easily  identified,  and  a  careful 
record  of  the  materials  and  methods  used  shall  be  kept  for  each 
specimen. 

Specimens. — The  piers  shall  be  made  16  in.  square  and  16  ft. 
long,  in  such  a  position  that  the  lower  2  ft.  shall  be  permanently 
immersed  in  sea  water;  thus  it  is  improbable  that  the  top  will  ever 
be  immersed. 

There  are  to  be  twenty-four  (24)  piers,  as  follows:  In  the  first 
series  of  nine  specimens,  a  standard  average  composition  Portland 
cement  shall  be  used  throughout,  which  shall  pass  the  standard  specifi- 
cations of  the  American  Society  for  Testing  Materials,  as  required 
by  the  Navy  Department. 

No.  1  shall  be  made  of  1  part  of  cement,  1  part  of  sand,  and  2  parts 
of  stone,  and  mixed  quite  dry. 

No.  2  shall  be  made  of  the  same  mixture  as  No.  1,  and  mixed  with 
sufficient  water  to  make  the  concrete  plastic. 

No.  3  shall  be  the  same  as  No.  1,  but  mixed  very  wet. 

No.  4  shall  approximate  1  part  of  cement,  2  parts  of  sand,  4  parts 
of  stone,  but  shall  be  proportioned  so  that,  after  a  mechanical  analysis 
of  the  materials,  the  excess  of  cement  over  the  voids  of  the  sand  shall 
be  10%,  and  the  excess  of  mortar  over  the  voids  of  the  stone  shall  olso 
be  10  per  cent.     It  shall  be  mixed  quite  dry. 

No.  5,  same  proportions  as  No.  4,  but  mixed  plastic. 

No.  6,  same  proportions  as  No.  4,  but  mixed  very  wet. 

No.  7,  1  part  of  cement,  3  parts  of  sand,  and  6  parts  of  stone. 
Mixed  quite  dry. 

No.  8,  same  as  No.  7,  but  mixed  plastic. 

No.  9,  same  as  No.  7,  but  mixed  wet. 

No.  10  shall  consist  of  a  Portland  cement  which  is  free  from  iron. 
One  specimen  shall  be  mixed,  of  the  proportions  1:1:2,  quite  wet. 

No.  11  same  cement  as  No.  10,  1:3:6,  wet. 

No.  12  commercial  Portland  cement  high  in  alumina,  mixed 
1:1:2,  wet. 

No.  13  same  cement  as  No.  12,  1:3:6,  wet. 

No.  14  of  a  commercial  Portland  cement  low  in  alumina,  1:1:2,  wet. 

No.  15  same  cement  as  No.  14,  1:3:6,  wet. 

No.  16  of  an  iron  ore  cement  practically  free  from  alumina,  1:1:2, 
wet. 

No.  17  same  cement  as  No.  16,  1:3:6,  wet. 

No.  18  of  slag  cement,  1:1:2,  wet. 

No.  19  same  cement  as  No.  18,  1:3:6,  wet. 

No.  20  shall  consist  of  the  same  materials  and  proportions  as  given 
for  No.  7,  but  shall  be  most  thoroughly  well  mixed  (much  better  than 
commercial  mixing),  at  the  same  time  being  quite  wet. 
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No.  21  shall  be  the  same  as  No.  7,  but  mixed  with  sea  water,  quite 
wet. 

No.  22  shall  be  mixed  of  y^^  by  weight  of  one  part  of  standard 
Portland  cement  as  No.  7,  yV  part  by  weight  of  hydrated  lime,  3  parts 
of  sand,  6  parts  of  stone,  mixed  wet. 

No.  23  shall  be  of  the  materials  given  for  No.  7  but  in  addition 
shall  contain  Sylvester  mortar  hereinafter  described,  mixed  wet. 

No.  24  shall  be  of  the  materials  in  No.  7  and  in  addition  shall 
contain  5%  by  weight  of  the  cement  of  finely  pulverized  clay,  mixed  wet. 

In  addition,  there  shall  be  fifteen  cubes,  8  in.  on  each  side,  of  1 
part  of  standard  Portland  cement,  1  part  of  sand,  and  2  parts  stone; 
and  fifteen  others  of  the  same  cement,  mixed  1:3:6.  One-third  of 
these,  after  being  thoroughly  set,  shall  be  permanently  immersed  in 
water;  another  third  shall  be  supported  at  about  half  tide;  and  the 
rest  shall  be  kept  permanently  dry  but  exposed  to  the  weather. 

There  shall  also  be  made  briquettes,  of  the  same  cements  and  pro- 
portions of  mortar  as  above  described  for  concrete,  of  such  number 
that  they  can  be  tested  at  intervals  covering  a  period  of  years,  some 
of  which  shall  be  kept  in  the  laboratory,  some  exposed  to  the  same 
conditions  that  the  cubes  will  have;  and  enough  briquettes  shall  be 
made  of  standard  sand  to  compare  the  relative  strength  between  stand- 
ard and  the  materials  actually  used. 

Testing  of  Materials. — All  cement  shall  be  thoroughly  tested  for 
•all  physical  properties,  and  shall  be  subjected  to  chemical  analysis.  The 
sand  shall  be  subjected  to  a  thorough  mechanical  and  physical  analysis 
to  ascertain  the  relative  sizes  of  its  grains  and  the  quantity  of  foreign 
matter  which  it  contains,  if  any.  The  same  tests  shall  be  applied 
to  the  stone.  The  various  ingredients,  such  as  sea  water,  hydrated  lime, 
Sylvester  mortar,  and  clay,  shall  be  tested,  in  order  that  the  exact 
nature  of  the  material  may  be  known. 

Sand. — The  sand  shall  be  of  a  good  quality,  commercial  bank  sand, 
clean,  coarse  and  sharp,  as  free  from  all  impurities  and  foreign  matter 
as  can  be  obtained  commercially.  The  stone  shall  be  of  trap  rock 
which  shall  have  passed  a  2-in.  ring  and  have  been  retained  on  a  i-in. 
ring.    It  shall  be  as  free  from  dust  and  dirt  as  commercially  practicable. 

Mixtures. — All  materials  shall  be  proportioned  by  volume,  as  given 
above  for  each  specimen.  A  cubic  foot  of  cement  shall  contain  100  lb. 
The  sand  and  stone  shall  be  measured  on  the  basis  that  a  barrel  of 
cement  contains  380  lb.  net  and  measures  3.8  cu.  ft.  Samples  of  the 
sand  and  stone  shall  be  weighed  so  that  the  proportion  by  weight  (as 
well  as  by  volume)  will  be  known. 

The  quantity  of  water  to  be  used  shall  be  accurately  measured  for 
each  batch,  and  shall  be  proportioned  by  experiment,  so  that  the  dry 
specimens  shall  just  fail  to  show  moisture  when  tamped  in  place;  the 
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plastic  specimens  shall  just  barely  begin  to  quake  when  tamped;  and 
the  wet  specimens  shall  be  proportioned  so  that  the  mortar  will  flow 
easily  off  the  blade  of  a  shovel  and  shall  be  wet  enough  to  flow  readily 
into  place  without  being  spaded  or  tamped. 

The  Sylvester  mortar  shall  be  mixed  as  follows,  as  given  in  Gillette's 
''Hand  Book  of  Cost  Data",  pages  389  and  following:  A  light-colored 
soft  soap  shall  be  dissolved  in  water,  1^  lb.  to  15  gal.  of  water,  and 
3  lb.  of  powdered  alum  shall  be  mixed  with  each  bag  of  cement.  After 
all  the  materials  of  the  concrete  are  thoroughly  mixed  dry,  water  con- 
taining the  soap  in  solution  shall  be  used  to  mix  the  materials  wet  to 
the  proper  consistency. 

Mixing. — All  materials  shall  be  thoroughly  mixed  in  a  batch  con- 
crete mixer  of  approved  type.  They  shall  be  fed  into  the  machine 
as  quickly  as  possible,  and  shall  remain  for  2  min.  after  the  last 
ingredient  is  added.  For  the  specimen  which  is  to  be  extra  thoroughly 
well  mixed,  the  material  shall  remain  in  the  mixer  for  12  min. 

If  the  weather  is  cold,  all  frost  shall  be  removed  from  the  sand 
and  stone  by  heating  before  the  materials  are  placed  in  the  mixer. 

Placing. — The  concrete,  after  mixing,  shall  be  placed  in  the  forms 
as  quickly  and  continuously  as  possible,  and,  after  proper  tamping, 
shall  not  be  again  disturbed.  In  no  case  shall  concrete  which  has  been 
allowed  to  stand  for  more  than  ^  hour  be  used,  and  in  no  case  shall 
i  hour  elapse  between  placing  two  batches  of  concrete  in  the  same 
mould. 

Forms. — The  forms  shall  consist  of  planed  and  matched  spruce  lum- 
ber, so  that  they  may  be  as  tight  as  possible,  and  shall  be  braced  so 
thoroughly  as  not  to  spring  under  the  pressure  of  green  concrete. 
The  forms  shall  be  left  on  for  such  a  length  of  time  that  there  shall 
be  no  damage  to  the  concrete  when  they  are  removed.  The  Inspector 
shall  be  the  judge  as  to  when  it  is  proper  to  remove  the  forms. 

Reinforcement. — The  columns  shall  be  reinforced  with  an  embedded 
steel  bar,  about  §  in.  square,  which  shall  be  bent  into  a  U -shape  and 
run  throughout  the  length  of  the  big  specimens  near  two  diagonally 
opposite  corners,  and  the  loop  shall  project  a  sufficient  distance  above 
the  top  of  column  to  permit  of  its  being  easily  hooked  in  case  it  is 
desired  to  remove  it. 

A  hole,  3  in.  in  diameter,  shall  be  cored  in  the  upper  8  ft.  of  each 
specimen,  to  permit  of  examination  from  time  to  time  to  see  if  water 
has  penetrated  through  the  walls  of  the  concrete  to  the  hole. 

Protection. — After  the  specimens  are  cast,  they  shall  be  protected 
from  freezing,  as  far  as  possible,  until  they  have  set  for  a  period  of 
at  least  5  days,  and,  after  the  forms  have  been  removed,  they  shall  be 
thoroughly  and  substantially  braced,  so  that  there  shall  be  no  danger 
of  their  tipping  over. 


i 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1852 


PAPERS  AND  DISCUSSIONS 

This   Society   is  not  responsible  for  any  statement  made  or  opinion  expressed 
in   its   publications. 


FINAL  KEPORT 

OF  THE  SPECIAL  COMMITTEE  TO  INVESTIGATE 

THE  CONDITIONS  OF  EMPLOYMENT  OF,  AND 

COMPENSATION  OF,  CIVIL  ENGINEERS 


The  American  Society  of  Civil  Engineers, 
220  West  57th  Street,  N.  Y.  City. 

Gentlemen:  The  Special  Committee  to  Investigate  the  Conditions 
of  Employment  of,  and  Compensation  of.  Civil  Engineers  submitted 
its  second  report  at  thp  Annual  Meeting  held  on  January  20th,  1915. 
With  that  report  there  was  presented  statistical  information  based  on 
4  796  replies  to  circulars  sent  out  by  the  Committee,  the  information 
being  given  in  diagrammatic  form  and  covering  the  follovping: 

1. — Maximum,  minimum,  and  average  yearly  compensation,  together 
with  that  of  the  middle  man  or  the  man  occupying  a  position  where 
equal  numbers  of  individuals  receive  a  greater  and  a  less  annual 
compensation.  These  figures  were  given  for  every  year  of  experience 
from  1  to  63  years,  although  the  number  of  replies  received  from  those 
who  have  been  in  active  practice  for  more  than  47  years  were  so  few  that 
the  information  with  respect  to  them  was  considered  of  little  value. 

2. — The  average  yearly  compensation  according  to  the  nature  of 
employment,  classified  in  eight  groups,  namely.  States  and  Counties, 
National  Governments,  Mynicipalities,  Technical  Schools,  Railroads, 
Private  Companies,  Consulting  Engineers,  and  Contractors. 

3. — A  geographical  classification  arranged  in  six  groups,  namely. 
Southern  States,  Western  States,  New  England  States,  Central  States, 
Middle  Atlantic  States,  and  Foreign  Countries. 

4. — A  classification  separating  graduates  of  technical  schools  from 
non-graduates,  this  being  supplemented  by  a  statement  giving  the 
relative  ages  of  graduates  and  non-graduates  for  those  whose  experience 
covered  from  2  to  15  years. 

The  report  of  the  Committee  was  received  and  the  Committee  was 
continued.  The  Committee  has  endeavored  to  secure  information 
concerning  a  larger  number  of  engineers,  and,  with  this  in  view,  has 
extended  its  inquiries  outside  the  membership  of  the  Society.     While 
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additional  requests  for  information  were  sent  out  and  many  replies 
were  received,  the  Committee  was  unable  to  present  a  formal  report 
at  the  Annual  Meeting  of  1916,  and  simply  reported  progress. 

In  accordance  with  the  expressed  wish  of  the  Board  of  Direction, 
that  the  work  of  Special  Committees  be  completed  as  soon  as  possible, 
the  Committee  now  presents  its  final  report. 

During  the  summer  of  1915  the  Committee  addressed  the  same 
questions  which  were  addressed  to  those  whose  replies  formed  the 
basis  of  its  last  report  to  those  who  had  become  members  of  the 
Society  since  the  last  preceding  circular  was  sent  out,  the  number 
of  inquiries  so  sent  being  599,  from  which  263  replies  were 
received.  Inquiries  were  also  addressed  to  6  393  non-members  of  the 
Society,  whose  names  were  secured  from  the  membership  lists  of 
fifteen  local  engineering  organizations  in  different  parts  of  the  country, 
after  having  first  eliminated  from  these  lists  all  who  were  members 
of  this  Society.  From  these  non-members  1  319  usable  replies  were 
received,  which,  together  with  the  additional  members  of  the  Society 
heard  from,  brings  the  total  number  of  returns  received  by  the  Com- 
mittee to  6  378. 

The  Committee  has  considered  the  advisability  of  addressing  letters 
of  inquiry  to  members  of  the  other  National  Engineering  Societies, 
but  has  concluded  that  this  would  be  inexpedient,  for  the  reason  that 
there  are  quite  a  number  of  members  of  these  societies  who  are  also 
members  of  the  American  Society  of  Civil  Engineers,  and  they  are 
probably  those  whose  compensation  or  income  from  professional  work 
is  above  the  average,  so  that,  if  those  who  are  members  of  this  Society 
were  excluded,  the  result  would  not  indicate  the  average  compensation 
of  members  of  the  other  societies,  and  might  be  misleading.  The 
Committee  also  made  an  effort  to  secure  information  from  the  different 
engineering  schools,  but  it  was  found  that,  with  two  exceptions,  the 
statistics  collected  by  these  institutions  concerning  their  graduates, 
with  respect  to  the  matters  which  have  been  the  subject  of  the  Com- 
mittee's investigations,  were  so  incomplete  that  this  idea  had  to  be 
abandoned.  An  attempt  was  made  to  secure  pertinent  data  from 
officers  of  railway  and  other  corporations,  municipalities.  States,  and 
Federal  departments  which  employ  large  numbers  of  engineers,  but 
they  appeared  to  consider  it  impracticable  to  undertake  the  collection 
of  such  data  for  the  Committee,  and,  without  their  active  co-operation, 
it  has  not  been  possible  to  secure  any  information  of  value. 

The  Committee,  therefore,  is  obliged  to  base  its  third  report  on 
the  information  received  from  the  6  378  engineers  who  have  replied ; 
and  that  these  figures  are  worthy  of  serious  consideration  is  obvious 
from  the  fact  that  the  5  059  members  of  the  Society  represent  a  gross 
annual  professional  income  of  not  less  than  $20  952  952,  while  the  1  319 
non-members  represent  a  gross  annual  income  of  $4  467  709,  or  a 
total  for  those  whose  replies  form  the  basis  of  our  report  of  $25  420  661. 
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The  returns  from  the  2G3  additional  members  of  the  Society,  the 
great  majority  of  whom  were  younger  men,  when  combined  with  those 
covered  by  the  last  report,  result,  as  might  have  been  expected,  in 
lowering  the  average  compensation  from  $4  224  to  $4 142,  or  $82. 
The  average  annual  compensation  of  the  1  319  non-members  is  $3  387, 
or  $755  less  than  for  the  members  of  the  Society,  including  the  latest 
returns.  The  Committee  realizes  that  in  directing  its  inquiries  to 
individuals  outside  of  the  membership  of  the  Society,  but  members 
of  local  engineering  organizations,  it  has  addressed  a  number  of  men 
who  are  not  really  practising  engineers,  as  the  local  engineering  organ- 
izations almost  always  include  in  their  membership  men  who  may  be 
simply  interested  in  engineering  and  some  who  have  done  little,  if 
any,  professional  work,  and  they  have  been  frank  enough  to  say  so  in 
their  returns,  and  their  replies  are  not  included  in  our  statistics. 

Twenty-two  of  the  replies  indicated  that  the  men  who  made  them 
are  employed  as  sales  engineers  or  in  other  lines  of  commercial  work, 
although  they  are  graduates  of  engineering  schools.  These  men  appear 
to  have  turned  their  attention  to  this  kind  of  work  immediately  after 
graduation.  The  Committee  has  not  included  these  returns  in  its  com- 
pilation, but  they  are  so  significant  as  to  be  deemed  worthy  of  com- 
ment. They  include  men  whose  active  work  covers  periods  of  from 
1  to  22  years,  although  in  all  but  four  instances  their  experience  in 
work  of  this  character  has  been  10  years  or  less.  A  comparison  of 
their  earning  power  with  that  of  men  engaged  in  what  is  generally 
considered  to  be  strictly  engineering  work  indicates  that  it  agrees 
very  closely  with  the  averages  shown  by  the  diagrams,  even  though 
the  responsibilities  which  must  be  assumed  are  less  than  those  of 
the  practising  engineer. 

The  Committee  submits  herewith  five  diagrams  as  follows : 

1.— A  diagram  similar  to  that  reproduced  as  Plate  XL*  in  the  last 
report,  showing  maximum  and  minimum  average  annual  compensation 
for  professional  work  of  6  378  engineers,  including  1 319  who  are 
not  members  of  the  Society. 

2. — A  diagram  showing  the  average  yearly  compensation  of  C  358 
engineers,  divided  into  members  of  the  Society  and  non-members, 
together  with  the  combined  average. 

3. — A  diagram  showing  the  average  compensation  of  graduates  and 
non-graduates,  arranged  according  to  6-year  periods. 

4. — A  diagram  showing  the  average  compensation  of  engineers 
grouped  according  to  nature  of  service. 

5. — A  diagram  showing  the  average  compensation  of  engineers 
arranged  in  six  geographical  groups. 

The  first  of  the  above  diagrams  includes  all  the  returns  which  have 
been   received.      The   second   and   third   include   all   returns   covering 
*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1914. 
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professional  activity  of  50  years  or  less,  while  the  other  two  cover 
all  those  which  are  capable  of  being  classified  with  certainty  and 
which  include  40  years  or  less  of  professional  work. 

Your  Committee  has  considered  the  question  as  to  whether 
exceptionally  large  professional  incomes,  say  those  above  $25  000  a 
year,  might  not  be  due  to  some  fortuitous  circumstance  or  condition 
entirely  apart  from  professional  ability,  and  whether  they  should  not 
be  excluded  from  consideration  in  the  preparation  of  the  diagrams 
by  arbitrarily  reducing  them  to  $25  000.  This  was  tried  and,  while 
the  effect  was  to  modify  very  materially  the  curve  showing  maximum 
professional  incomes,  its  effect  on  the  curve  of  average  compensation 
was  very  slight.  The  Committee  believes  that  the  data  collected 
include  practically  all  the  very  large  professional  incomes,  and  that 
an  increase  in  the  number  of  returns  would  tend  to  eliminate  the 
irregularities  of  the  curve.  The  Committee's  conclusion  has  been  that 
the  returns  should  be  shown  as  they  were  received. 

A  comparison  of  the  diagrams  with  those  presented  with  the  last 
report  will  show  that  the  broader  scope  of  the  Committee's  inquiry 
has  not  produced  any  substantial  changes  in  the  results  heretofore 
submitted.  The  line  indicating  the  average  compensation  of  non- 
graduate  engineers  falls  below  that  showing  the  compensation  of 
graduates,  except  during  the  first  part  of  the  first  5-year  period,  where 
the  professional  earnings  of  non-graduates  appear  to  be  slightly  greater 
than  those  of  graduates.  The  Committee  has  communicated  with 
bodies  which  are  collecting  data  concerning  professional  education, 
in  the  hope  that  it  might  secure  information  relative  to  the  com- 
pensation of  men  engaged  in  other  kinds  of  professional  work.  Its 
inquiries  have  not  produced  any  definite  results,  and,  so  far  as  the 
Committee  can  learn,  no  data  as  complete  as  are  herewith  presented 
have  been  secured  with  respect  to  them.  From  such  meager  infor- 
mation as  was  obtainable,  the  Committee  is  convinced  that  the  com- 
pensation for  engineering  work  compares  favorably  with  that  received 
by  men  of  any  other  profession.  Engineers,  like  other  professional 
or  business  men,  are  frequently  desirous  of  being  connected  with 
important  undertakings  which  will  give  them  valuable  experience 
and  a  certain  prestige,  and,  in  order  to  gain  these,  they  are  willing 
to  accept  salaries  which  are  very  small  in  comparison  with  the  value 
of  the  services  rendered. 

The  underpaid  engineer  does  not  always  owe  his  failure  to  receive 
a  salary  commensurate  with  the  importance  or  difficulty  of  his  work 
to  the  ignorance  or  lack  of  appreciation  of  laymen,  but  it  not  infre- 
quently is  the  fault  of  his  engineering  superior  in  the  organization 
of  which  he  is  a  part.  The  replies  received  by  the  Committee  indicate 
that  engineers  in  private  practice  sometimes  employ  men  of  extensive 
experience,  and  presumably  of  good  ability,  at  salaries  which  young 
graduates  with  little  or  no  experience  are  able  to  command,  but  which 
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are  less  than  those  of  an  ordinary  mechanic  who  has  a  labor  organization 
behind  him.  It  may  be  urged  that  the  competition  for  work  on  the 
part  of  engineers  who  employ  a  technical  staff  is  so  keen  that  it  is 
necessary  to  take  advantage  of  the  needs  of  those  seeking  employment 
in  order  to  secure  professional  work  which  is  frequently  let  to  the 
lowest  bidder.  Engineers  in  private  practice  are  often  criticized 
because  they  have  not  established  a  scale  of  charges  on  a  percentage 
basis  as  have  the  architects,  but  in  the  offices  of  leading  architects  will 
be  found  young  men  who  are  willing  to  work  for  almost  nothing  for 
the  sake  of  the  experience  they  hope  to  gain.  The  fact  remains  that 
employing  engineers  are  sometimes  disposed  to  pay  their  men  less 
than  their  services  are  actually  worth.  The  Code  of  Ethics,  adopted 
by  the  Society  by  letter-ballot  on  September  2d,  1914,  lays  special 
emphasis  upon  the  relation  of  the  engineer  to  his  client  and  to  that  of 
competing  engineers,  who  may  be  striving  to  secure  the  same  contract 
or  commission,  toward  each  other,  but  it  makes  no  mention  of  the 
obligations  of  the  engineer  as  an  employer  to  men  of  his  own  pro- 
fession. It  appears  to  lose  sight  of  the  need  of  guarding  against 
underpaying  as  well  as  against  underbidding. 

The  engineer,  in  some  branches,  unlike  other  professional  men, 
is  frequently  unable  to  locate  in  one  place  until  he  can  become  known, 
even  though  his  reputation  may  be  local.  He  must  go  where  work 
is  in  progress,  and,  when  the  particular  work  on  which  he  has  been 
engaged  shall  have  been  completed,  he  must  move  on  to  another  place. 
Periods  of  unemployment  are  fatal  to  steady  advancement,  while  a 
reasonable  prospect  of  promotion,  however  slow,  is  likely  to  prompt 
men  to  accept  less  than  the  average  compensation  for  the  kind  of 
service  rendered. 

In  reading  the  observations  made  by  those  who  have  commented 
upon  the  compensation  of  engineers  and  the  conditions  of  their  em- 
ployment, it  has  appeared  to  your  Committee  that  many  of  those  which 
appear  cynical  or  pessimistic  have  been  made  by  men  who  would 
probably  have  been  failures  in  any  occupation  or  profession,  men 
who  do  not  possess  adaptability  or  even  a  fair  degree  of  industry,  and 
who  attribute  their  failure  to  their  unfortimate  selection  of  a  pro- 
fession. These  comments  should  not  be  given  much  weight.  Perhaps 
there  are  too  many  engineers,  but  the  eagerness  of  young  men  to  adopt 
this  profession  is  doubtless  due  to  the  indisputable  fact  that  young 
graduates  of  engineering  schools  reach  a  self-sustaining  basis,  where 
they  are  at  least  able  to  support  themselves,  more  quickly  than  do 
those  of  other  professions.  Much  has  been  said  lately  about  the 
general  decrease  in  the  registration  at  engineering  schools,  and  this 
has  apparently  been  viewed  with  alarm  by  their  faculties.  Your 
Committee  does  not  consider  it  a  bad  omen  for  the  profession.  There 
is  a  need  of  better  trained  engineers  rather  than  of  more  engineers,  a 
need  more  particularly  of  men  who  are  better  grounded  in  the  funda- 
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mentals  of  the  engineering  sciences  and  who  have  at  the  same  time 
acquired  some  knowledge  of  the  economic  or  business  aspects  of 
engineering  work,  rather  than  of  men  who  may  have  the  greatest 
earning  capacity  on  the  day  of  their  graduation. 

The  subject  assigned  to  this  Committee  for  investigation  includes 
not  only  the  compensation,  but  "the  conditions  of  employment"  of 
engineers.  The  information  collected  and  herewith  presented  may  be 
thought  to  relate  only  to  compensation  and  not  to  conditions  of  employ- 
ment, except  to  the  extent  that  the  latter  may  be  the  cause  of,  or 
may  result  from,  the  former.  Judging  from  the  replies  received  by 
the  Committee  and  the  extended  comments  accompanying  some  of 
them,  conditions  of  employment  are  believed  to  be  capable  of  expres- 
sion chiefly,  if  not  wholly,  in  terms  of  compensation.  The  Com- 
mittee has  repeatedly  discussed  the  meaning  of  "conditions  of  employ- 
ment" and  what  was  the  probable  intent  of  the  Society  in  the  inclu- 
sion of  these  words  in  the  title  of  the  Committee.  To  give  it  the 
broadest  interpretation  to  which  it  is  susceptible  and  to  follow  the  lead 
indicated  by  such  interpretation  would  have  led  the  Committee  into 
a  more  or  less  controversial  discussion  of  social  conditions,  and  might 
have  resulted  in  a  report  of  greater  length,  but  of  no  more  value.  That 
there  lately  has  been  a  more  general  appreciation  of  the  importance 
and  dignity  of  the  Engineering  Profession  caimot  be  denied,  and  the 
part  which  engineers  are  now  taking,  on  the  invitation  of  the  Federal 
Government,  in  the  investigation  of  the  resources  of  this  country  and 
their  prompt  and  effective  utilization  for  national  defense  or  in  any 
other  crisis,  together  with  the  more  cordial  co-operation  between  men 
in  different  branches  of  the  Engineering  Profession,  will  do  much  to 
increase  further  this  estimate  of  the  value  of  engineering  service. 

The  Committee  wishes  to  express  its  grateful  appreciation  of  the 
co-operation  which  it  has  received  from  members  of  the  Society  and 
others,  and  for  the  valuable  advice  and  assistance  extended  to  it  by 
the  Secretary  of  the  Society  and  members  of  his  staff.  It  asks  that 
this  be  accepted  as  its  final  report,  and  that  it  be  discharged. 
Eespectfully  submitted, 

Nelson  P.  Lewis, 

Chairman. 
Committee  : 

John  A.  Bensel, 
S.  L.  F.  Deyo, 
DuGALD  C.  Jackson, 
William  Y.  Judson, 
Nelson  P.  Lewis, 

C.   F.  LOWETH, 

George  W.  Tillson. 
November  15th,  1916. 
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PKOGKESS  REPORT 

OF  THE  SPECIAL  COMMITTEE  ON  MATERIALS  FOR 

ROAD  CONSTRUCTION  AND  ON  STANDARDS 

FOR  THEIR  TEST  AND  USE* 


To  THE  American  Society  of  Civil  Engineers, 
Gentlemen  : 

Your  Special  Committee  on  "Materials  for  lload  Construction,  and 
on  Standards  for  Their  Test  and  Use"  respectfully  submits  the  fol- 
lowing Progress  Report : 

In  accordance  with  opinions  expressed  at  the  Annual  Meeting  of 
1916,  the  Committee  has  endeavored  to  incorporate  in  its  1917  Report 
the  fundamental  principles  on  which  specifications  covering  each  of 
the  several  types  of  roads  and  pavements  should  be  based.  The  adop- 
tion of  this  plan  has  required  a  large  amount  of  work  on  the  part 
of  each  of  seven  Sub-Committees  and  eight  meetings  of  the  general 
Committee.  The  Committee  presents  these  principles  for  the  con- 
sideration of  the  Society  and  others  interested,  and  hopes  that 
advantage  will  be  taken  of  the  special  Road  Meetings,  authorized  by 
the  Board  of  Direction,  to  be  held  on  January  19th,  1917,  for  a  full 
oral  and  written  discussion  of  the  report. 

During  the  coming  year  the  Committee  intends  to  prepare  a  final 
report  based  on  its  1915,  1916,  and  1917  Reports  and  the  discussions 
of  these  reports  which  have  been  presented  at  the  Special  Road 
Meetings  held  in  connection  with  the  Annual  Meetings  during  the 
past  three  years. 

General  Principles    Concerning   Materials   and   Their   Use,   to   be 

Observed  in  Framing  Specifications  for  Pavements  and 

Road  Crusts. 

Your  Committee  feels  that  while  some  of  the  following  principles 

affecting  the  use  of  highway  materials  may  seem  to  those  trained  or 

*  To  be  presented  to  the  Annual  Meeting,  January  17th,  1917. 
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experienced  in  highway  work  of  common  knowledge  and  unnecessary 
of  again  being  recorded,  their  expression  here  is  advisable  not  only 
because  of  their  general  application  to  all  surfacings,  but  because  also 
a  neglect  of  their  proper  consideration  is  often  to  be  found  among 
those  annually  attempting  highway  work.  In  some  cases  of  pavements 
where  the  materials  or  methods  of  construction  are  peculiar,  this  fact 
has  seemed  to  result  in  a  neglect  of  these  fundamental  considerations. 
Your  Committee  recommends  that  neglect  of  these  considerations  be 
not  allowed  by  any  one  to  occur  in  any  case. 

Lines  and  Grades. — Where  the  lines  of  the  highway  are  such  as  to 
invite  high  speed,  or  at  least  not  to  discourage  high  speed,  considera- 
tion of  the  eflfects  of  speed  of  the  traffic  on  the  surfacing  material 
must  be  had.  and  it  is  entirely  possible  that  a  choice  of  the  material 
or  the  methods  of  using  any  particular  material  may  be  determined 
by  the  speed  to  be  expected  for  the  traffic,  and  thus  be  related  to  or 
connected  with  the  lines  itself  of  the  highway. 

A  choice  of  the  material,  or  methods  of  using  a  particular  material, 
may  be  affected  by  the  grades  as  fixed.  Certain  materials,  or  results 
of  using  materials,  for  highway  surfacings  will  be  unsatisfactory 
outside  of  certain  limits  of  grades.  Conservative  practice  has  fixed 
the  maximum  limits  for  satisfactory  results  with  grades,  as  follows : 

Kind  of  Roadway.  Maximum  Grade. 

Gravel    12.0% 

Broken  stone   12.0% 

Bituminous  surface    6.0% 

Bituminous  macadam 8.0% 

Bituminous   concrete    8.0% 

Sheet-asphalt    5.0% 

Cement-concrete    8.0% 

Brick   (cement  grout  filler) 6.0% 

Brick   (bituminous  filler) '.  .  12.0% 

Stone  block   (cement  grout  filler) 9.0% 

Stone  block   (bituminous  filler) 15.0% 

Wood  block 4.0% 

Width. — The  width  of  the  roadway  to  be  built  will  be  determined 
largely  by  local  circumstances,  but  in  view  of  the  recent,  constant,  and 
rapid  increase  of  traffic  on  highways,  both  in  number  of  vehicles  and 
in  size  of  loads,  it  will  be  in  the  interest  of  economy  for  designs  of 
highways  to  be  made  with  proper  consideration  of  further  increase. 

Where  motor  traffic  forms  a  considerable  proportion  of  the  total 
traffic  likely  to  use  a  highway,  the  unit  width  of  traffic  lines  to  be 
considered  is  9  or  10  ft.,  instead  of  7  or  8  ft.  as  heretofore,  because 
of  the  greater  clearance  required  for  the  safe  passing  of  the  imits  of 
such  traffic. 


Papers.] 


MATERIALS   FOR    ROAD   CONSTRUCTION 


1613 


Where  bituminous  jiavements  are  laid,  the  edges  need  protection 
and  a  sudden  transition  from  the  pavement  to  any  softer  shoulder 
material  should  be  avoided  by  means  of  extra  width,  or  of  cement- 
concrete  or  other  edges,  and  such  reinforcement  of  the  shoulder  mate- 
rial as  may  be  necessary. 

The  width  of  roadways  of  rigid  material,  such  as  cement-concrete 
or  vitrified  block,  should  be  at  least  equal  to  what  would  be  prescribed 
under  local  conditions  for  a  less  rigid  surfacing.  The  great  difference 
between  the  firmness  of  a  rigid  roadway  surfacing  and  of  material 
frequently  available  for  the  shoulders  thereto,  often  makes  it  necessary, 
for  safety  and  convenience  of  trafiic,  as  well  as  for  economy  of  main- 
tenance, that  the  rigid  surfacing  should  be  built  wider  than  would 
answer  for  a  more  flexible  surfacing,  such  as  water-bound  macadam, 
for  instance,  under  the  same  local  conditions. 

Too  narrow  a  width  of  roadway  encourages,  if  it  does  not  compel, 
concentration  of  traffic  to  such  an  extent  as  to  make  frequently  unfair 
demands  on  what  would  otherwise  be  a  suitable  and  efficient  material 
for  the  surfacing.  This  may  be  especially  noticeable  at  abrupt  changes 
in  the  lines  of  the  highway,  where  any  tendency  toward  the  improper 
concentration  of  traffic  into  too  narrow  areas  should  be  avoided,  as  far 
as  possible,  by  such  adjustment  or  separation  of  lines,  and  adjustment 
of  width,  of  cro\vn,  or  of  slope  of  the  roadway  surfacing,  as  will  keep 
the  strains  of  the  surfacing  material  within  reasonable  limits  for  it. 

Thickness. — The  thickness  of  the  pavement  or  surfacing,  of  course, 
will  be  dependent  largely  on  its  type,  but  it  will  also  be  affected  by 
the  presence  or  absence  in  the  construction  of  an  artificial  foundation, 
and,  in  fact,  on  the  character  and  ability  of  the  base  on  which  the 
surfacing  is  to  rest.  Approved  practice  establishes  the  limits  given 
in  Table  1  for  the  extremes  of  thickness  for  the  various  layers  of  the 
pavement  or  road  crust. 

TABLE  1. 


Kiud  of  roadway. 

Thickness  of 
artificial  founda- 
tion,* 
in  inches. 

Thickness  of 

sand  cushion  or 

binder  course, 

in  inches. 

Thickness  of 

wearing  course, 

in  inches. 

4  to   8 

3  to   8 

4  to    8 
3  to    8 

3  to    8 

5  to    8 

4  to' 8' 

4  to   8 

5  to  12 
5  to   8 

2  to  4 

2  to  3 

Mto^ 
2  to  3 

Bituminous  macadam 

]i^  to  3 
1^  to  3 

5  to  8 

1  to  iJ4 

Cement  concrete  (Two-course). 

o 

Brick 

1  to  2 

3  to  4 

Stone  block  

21^  to  5 
iVi  10  4 

•  Not  including  extraordinary  provisions  such  as   V-drains  or  sub-base  courses. 
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Although  the  general  practice  has  been  too  often  perhaps  to  use 
mass,  for  the  sake  of  safety,  in  the  preparation  of  the  pavement,  it 
now  appears  to  be  evident  that  some  waste  has  been  incurred  in  the 
past  in  this  direction,  and  that  a  more  scientific  determination  of 
the  thickness,  as  well  as  of  many  other  features  of  highway  work, 
is  possible,  without  sacrifice  of  safety  and  yet  with  economy.  How- 
ever, in  view  of  the  recent,  constant,  and  rapid  increase  of  the  weight 
of,  and  consequently  of  the  strains  caused  by,  the  traffic,  it  will  be 
in  the  interests  of  economy  for  designs  of  highways  to  be  made  with 
proper  consideration  of  further  increases. 

Drainage. — The  use  of  any  form  of  pavement  or  road  crust,  whether 
bituminous  or  non-bituminous,  does  not  relieve  the  necessity  of  proper 
drainage  in  every  case.  It  is  not  only  necessary  to  provide  for  such 
tinder-drainage  as  will  place  and  keep  the  sub-grade  in  a  condition 
satisfactorily  free  from  moisture  and  in  a  state  of  suitable  efficiency, 
but  it  is  also  necessary  to  provide  and  to  preserve  economically  such 
provisions  for  surface  drainage  as  will,  with  the  provisions  for  under- 
drainage,  insure  these  results  fairly  permanently.  Storm-water  coming 
to  the  roadway  must  be  carried  quickly  and  rapidly  away  from  it  by 
automatic  arrangements  to  the  natural  watercourses  where  it  can  be 
disposed  of  finally.  The  arrangements  referred  to  and  so  made,  such 
as  inlets,  ditches,  gutters,  and  culverts,  should  be  designed  and  placed 
so  as  to  give  the  least  possible  offense  to  the  users  of  the  roadway  and 
the  abuttors,  and  yet  be  built  so  as  to  preserve  their  integrity  and 
efficiency  with  the  least  need  for  attention  and  expense  under  even 
the  most  persistently  adverse  natural  conditions.  A  proper  longitudinal 
grade  for  ditches  and  gutters  is  particularly  important,  in  order  that 
the  ill  and  wide  effects  of  standing  water  m'ay  be  avoided.  A  proper 
cross-section  for  ditches  is  also  important,  in  order  that  the  waterway 
may  not  become  obstructed  by  the  sliding  in  of  the  sides. 

As  related  to  drainage,  the  matter  of  the  crown  of  the  roadway  is 
particularly  important.  The  ideal  roadway  surface  would  be  flat  in 
cross-section  were  it  not  for  the  necessity  of  the  automatic  removal 
of  surface  water  to  the  channels  where  it  must  be  most  conveniently 
carried  along.  Crowning  the  roadway  tends  to  concentrate  the  traffic 
on  the  ridge  where  it  is  then  most  comfortable  for  the  travelers,  and 
the  amount  of  crown  w^hich  will  result  in  this  concentration  on  the 
ridge  varies  with  the  type  of  pavements.  Also,  the  rate  of  crown 
necessary  for  the  proper  removal  of  storm-water  to  the  gutters  or 
ditches  varies  with  the  type,  and  with  the  provisions  to  be  made  for 
the  cleaning  and  the  upkeep  of  the  roadway  surface.  In  the  general 
practice,  the  amount  of  crown  for  the  shoulders  of  an  uncurbed  road- 
way has  usually  been  a  cross-slope  of  1  in.  per  ft.,  the  shoulders  being 
of  the  natural  earthy  material,  and  this  rate  is  to  be  recommended 
for  shoulders,  except  in  special  cases. 
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The  crown  generally  used  in  the  construction  of  broken  stone 
loadways  is  excessive  when  bituminous  materials  are  used,  and  a  crown 
of  even  J  in.  per  ft.  should  be  avoided  when  a  lesser  crown  can  be 
secured  without  detriment  to  the  surface  drainage. 

For  the  various  roadway  surfacings,  the  practice  generally  observed 
and  to  be  recommended  is  as  given  in  Table  2. 


TABLE  2. 

/ 

Kind  of 

roadway. 

Crown 

Recommended: 

Maximum. 

Minimum. 

1  in.  to  the  ft. 

% '     ■ 

j^  "    "    "    " 

Vs  ' 

^  "    "    "    " 

M ;;  ;;  i  ■;_ 
H  •' ^ 

M 

1^  in.  to  the  ft. 

1^  ..    u    ..    .. 

y    ..      »      ..      u 

§::  ::  ::  :: 

Bituminous  surface 

Sheet-asplialt        ....         

g  :;  :;  ;:  :: 
H::  ;;  ;;  :: 

^  .    ..    ..    .. 

Brick 

Stone  block 

Wood  block 

Concave  pavements  of  cement-concrete,  vitrified  block,  or  stone 
block  may  frequently  be  found  advantageous  for  alleys,  and,  in  such 
cases,  the  same  rates  of  slopes  in  cross-section  as  those  previously  given 
should  govern. 

Artificial  Foundations. — Where  the  character  of  the  traffic  justifies 
the  use  of  an  artificial  surfacing,  it  also  demands  a  correspondingly 
strong  foundation.  Whether  or  not  an  artificial  foundation  shall  be 
supplied  will  depend  on  the  local  conditions,  but  in  the  selection  of 
the  materials  and  the  methods  of  construction  of  the  artificial  founda- 
tion, every  consideration  should  first  be  given  to  the  possibilities  for 
securing  the  greatest  efficiency  from  the  natural  foundation.  Economy 
in  reference  to  the  roadway  will  be  had  from  the  proper  choice  of  the 
various  materials  available  for  artificial  foundations,  such  as  sand, 
gravel,  broken  stone,  and  concrete. 

In  the  construction  of  a  concrete  foundation,  the  sub-grade  should 
first  be  properly  prepared  and  its  greatest  efficiency  developed.  The 
thickness  of  the  cement-concrete  artificial  foundation  usually  laid  is 
5  or  6  in.,  but  it  may  be  varied  advantageously  according  to  the  local 
conditions  between  4  and  12  in.  The  thickness  may  be  varied  some- 
times between  the  center  of  the  roadway  and  the  sides. 

The  most  usual  proportions  for  a  cement-concrete  foundation  have 
been  one  part  cement,  three  parts  fine  aggregate,  and  six  parts  coarse 
aggregate.  This  standard,  however,  is  empirical  rather  than  scientific, 
and  a  more  rational  proportion  in  any  case  should  be  developed 
according  to  the  needs  and  facilities  of  each  case.     It  may  often  be 
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desirable  to  increase  the  mass  in  some  cases  at  the  expense  of  unit 
strength,  or  to  increase  the  mass  for  the  sake  of  economy  in  the  more 
expensive  material.  In  mixing,  placing,  and  completing  a  cement- 
concrete  foundation,  the  principles  expressed  under  the  head,  "Cement- 
Concrete  Pavements",  apply,  and  reference  thereto  should  be  had. 

Sub-Grade. — The  use  of  any  form  of  pavement  or  road  crust  does 
not  relieve  the  necessity  for  the  construction  of  a  well-drained,  thor- 
oughly compacted,  homogeneous,  and  stable  sub-grade  in  every  case. 
Indeed,  such  improvement  of  the  highway  generally  attracts  heavier 
traffic  and  thus  increases  the  stresses  on  the  sub-grade.  Even  when  an 
artificial  foundation  is  to  be  constructed  on  the  sub-grade,  proper  atten- 
tion should  be  given  to  the  preparation  of  the  latter,  in  order  that  the 
greatest  economy  may  be  had  in  the  design  and  expense  for  the  arti- 
ficial foimdation,  and,  generally  speaking  at  least,  the  higher  the 
type  and  the  more  expensive  the  artificial  foundation,  the  greater  care 
should  be  exercised  to  develop  to  the  utmost  the  possibilities  of  the 
sub-grade.  Uniformity  in  its  composition  and  compaction,  as  well 
as  evenness  of  its  surface,  is  far  more  important  than  has  apparently 
been  generally  considered  necessary  up  to  this  time,  and  permanence 
of  all  the  desirable  qualities  in  the  sub-grade  is  equally  important. 

Materials. — Having  determined  the  characteristics  desirable  for  the 
materials  to  be  used  in  any  highway  work,  their  description  in  the 
specifications  should  be  concise,  clear,  and  precise.  Although,  in 
some  cases,  it  may  not  be  possible  to  specify  exactly  the  characteristics 
desired,  it  will  be  possible  to  specify  that  these  qualities  shall  lie 
between  certain  exact  limits,  thus  giving  a  reasonable  tolerance  to  the 
determination  of  the  quality  by  test,  as  well  as  avoiding  uncertainty 
as  to  whether  or  not,  in  this  respect,  a  quality  of  a  material  offered  is 
suitable.  The  description  of  a  material  by  using  a  trade  name  is 
permissible  only  in  most  unusual  cases,  and  such  a  description  as 
^'equally  good  to"  another  similar  material  should  never  be  used. 
Qualities  of  a  material  or  methods  of  its  use  should  not  be  left  "to 
the  satisfaction  of  the  engineer"  or  "as  determined  by,  or  in,  the 
-opinion  of  the  engineer". 

Specific  tests  and  such  description  of  the  methods  of  performing 
each  test  as  will  leave  no  room  for  doubt  as  to  whether  the  results 
of  the  tests  come  within  the  limits  of  tolerance,  should  always  be 
expressed  either  in  detail,  or  by  reference  to  the  standards  of  some 
reputable  authorities.  The  Committee  recommends  for  this  purpose 
the  tests  and  methods  of  performing  the  same  proposed  by  this  Com- 
mittee, to  be  found  in  detail  in  Appendix  B.* 

In  this  connection,  the  Committee  wishes  to  call  attention  to  its 
previously  expressed  conclusions,  as  follows: 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915,  p.  2733. 


Papers.]  MATERIALS  FOR  ROAD  CONSTRUCTION  1617 

The  character  of  the  stone  to  be  used  may  influence  the  choice 
of  a  bituminous  material. 

Whatever  method  may  be  used  in  any  case,  it  is  as  essential  in 
bituminous  work,  as  in  water-bound  construction,  that  a  suitable  quality 
of  road  metal  be  used. 

By  proper  selection  and  use  of  a  bituminous  material,  injury  to 
property  and  deleterious  eflfects  on  animal  and  vegetable  life  may  be 
avoided,  and  also  considerable  hygienic  advantage  may  result  from 
the  use  of  such  materials  on  the  highways. 

Whenever  comprehensive  specifications  are  to  be  prepared,  so  as 
to  admit  a  variety  of  types  of  bituminous  materials,  separate  specifi- 
cations, as  may  be  neccssaiy,  should  be  prepared  for  each  type. 

Joints. — For  the  ordinary  joints  in  block  pavements,  the  materials 
and  methods  of  filling  should  be  selected  so  as  to  produce  not  only  a 
surface  which  will  retain  to  the  utmost  its  imperviousness  and  the 
stability  of  the  blocks  themselves  in  place,  but  also  as  far  as  practicable, 
they  should  conduce  toward  evenness  of  wear  of  the  surface  of  the 
pavement.  If  the  blocks  are  resistant  to  abrasion,  but  perhaps  inclined 
to  round  oflf  at  the  edges  of  the  upper  surface  under  traffic,  such  filling 
of  the  joints  is  desirable  as  will  lend  additional  resistance  in  the  blocks 
to  this  rounding  off  at  the  joints. 

Joint  fillers  are  naturally  divided  into  two  main  classes — the  cement 
mortar  filler  and  the  bituminous  filler.  As  it  is  desirable  to  secure 
a  suitable  water-proof  wearing  course  for  pavements,  sand  should 
never  be  used  alone  as  the  joint  filler. 

As  regards  the  cement  mortar  joints,  the  proportions  of  cement, 
sand,  and  water  will  be  affected  by  local  conditions.  Where  the  blocks 
are  extremely  resistant  and  the  highest  quality  of  results  is  desired, 
a  1 : 1  mix  of  sand  and  cement  is  necessary.  Where  the  blocks  are  of 
less  resistant  material  and  conditions  demand  economy,  a  1:1  mix 
of  cement  and  sand  may  be  found  satisfactory.  Great  care  is  necessary 
in  mixing  and  applying  the  mortar  or  grout.  To  insure  uniformity, 
there  should  be  a  constant  agitation  of  the  mix  up  to  the  moment 
of  its  application,  and  no  more  water  than  is  necessary  for  proper 
fluidity  should  be  used.  Success  with  joints  of  this  kind  is  dependent 
in  a  large  degree  on  the  allowance  of  ample  time  for  the  grout  to 
set  thoroughly  before  the  traffic  is  admitted  to  the  roadway. 

A  bituminous  filler  may  be  preferred  to  a  cement-grout  filler,  on 
account  of  the  lower  cost  of  street-opening  repairs,  the  better  foothold 
provided  for  horses,  and  the  securing  of  a  more  resilient,  and  hence 
less  noisy  pavement.  On  steep  grades,  where  some  roughness  of 
surface  may  be  desirable  for  the  sake  of  affording  better  foothold  for 
animals,  some  openness  at  the  top  of  the  joint  is  desirable,  and  the 
bituminous  joint  fillers  may  be  preferred.  With  bituminous  joint 
fillers,  care  must  be  taken  to  select  materials  which  will   not  be  too 
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brittle  in  cold  weather  and  so  chip  out  from  joints  under  traffic,  and 
which  will  not  be  so  soft  in  hot  weather  as  to  flow  out  of  the  joints 
between  the  blocks.  It  is  believed,  although  not  yet  generally  admitted 
as  having  been  actually  proven  by  experience,  that  the  use  of  a 
bituminous  mastic  for  joint  filling  would  be  an  improvement  over 
the  customary  practice  of  using  bituminous  material  alone  for  this 
purpose.  Great  care  should  be  taken  with  bituminous  fillers  of  any 
kind  to  insure  the  actual  filling  of  the  joints  between  the  blocks,  and 
great  care  must  be  taken  to  insure  this  result. 

Expansion-Contraction  Joints. — Joints  at  intervals  across  certain 
types  of  pavements,  such  as  brick  and  cement-concrete,  as  well  as  along 
the  curbs,  have  been  used  to  compensate  for  a  more  or  less  unavoid- 
able movement  of  the  pavement  slab,  which  takes  place  under  different 
conditions  of  moisture,  or  temperature  of  the  air.  In  cases  where 
expansion-contraction  joints  across  the  roadway  at  intervals  are  decided 
on  for  installment,  the  Committee  recommends  the  use  of  bituminous 
material  and  the  abandonment  of  all  forms  of  the  so-called  "armored" 
joints,  because  of  the  smaller  amount  of  interruption  to  the  homo- 
geneity of  the  roadway  surface  thus  secured. 

Shoulders  and  Gutters. — Where  rigid  or  fairly  rigid  pavements  are 
laid,  their  edges  should  be  protected  and  the  sudden  transition  from 
such  a  pavement  to  any  softer  shoulder  material  avoided  by  means 
of  edges  or  such  reinforcement  of  the  shoulder  material  as  may  be 
necessary.  The  line  or  strip  of  contact  between  a  cement-concrete 
roadway  and  the  flanking  material  of  the  shoulders  being  the  zone 
of  weakness  under  traffic,  it  is  important  to  accommodate  the  traffic 
and  to  protect  the  roadway  as  well  as  the  shoulders  from  the  formation 
of  ruts  along  this  line.  This  is  especially  true  when  the  roadway  is 
so  narrow  as  to  result  in  the  frequent  passage  of  vehicles  from  the 
pavement  to  the  shoulders. 

Such  material  for  and  construction  of  the  shoulders  should  be 
had  as  will  result  in  their  being  capable  of  efficient  and  economical 
maintenance  under  the  local  conditions  existing  or  likely  to  prevail. 

The  shoulders  may  be  reinforced  with  paving,  concrete,  macadam, 
gravel,  or  similar  surfacings;  or  they  may  be  of  the  natural  local 
material  available,  due  consideration  being  given  to  the  advisability 
of  tapering  down  from  a  relatively  high  rigidity  of  the  roadway  itself 
to  any  soft  natural  material  at  the  outside  edges  of  the  road.  The 
selection  of  materials  and  methods  of  construction  for  the  shoulders 
should  be  made  with  careful  consideration  of  the  demands  likely  to 
be  made  by  traffic,  and  by  other  factors  in  the  problem,  and  should 
provide  an  elastic  limit  in  the  shoulders  considerably  higher  than  the 
stresses  likely  to  come  on  them. 

Gutters  should  be  paved  with  such  material  and  in  such  a  manner 
as  to  preserve  as  permanently  as  possible  their  imperviousness  imder 
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their  loads  of  water  and  the  destructive  effects  of  traffic  coming  on 
them.  Their  form  should  be  such  as  will  be  least  objectionable  to 
traffic,  considering  the  necessities  for  their  peculiar  purposes. 

Finishing  of  Surface. — An  objectionable*  slipperinees  of  many  pave- 
ments may  be  decreased  or  prevented  by  proper  precautions  during 
construction  or  by  proper  treatment  thereafter.  The  length  of  time 
that  a  finished  pavement  should  be  closed  to  traffic  in  order  to  season 
properly  before  use  varies  from  a  few  hours  to  several  days,  dependent 
on  the  character  of  the  material  and  methods  used  and  on  climatic 
and  other  local  conditions.  Pavements  in  which  Portland  cement  is 
used  for  filling  the  joints  or  in  the  mass  of  the  surfacing  itself  should 
seldom,  if  ever,  be  closed  for  less  than  two  weeks  after  completion. 
Although  the  plans  and  specifications  usually  call  for  the  surface  to 
be  finished  to  definite  cross-sections,  grades,  or  contours  shown  on 
the*  plans,  questions  frequently  arise  under  contracts  as  to  the  impor- 
tance of  variations  in  the  finished  surface.  The  Committee  has  under 
consideration  standards  covering  this  detail. 

Gravel   Eoads. 

The  subject  of  gravel  roads  embraces  a  great  variety  of  styles 
of  construction,  from  the  simple  expedient  of  surfacing  the  existing 
roadway  with  run-of-the-bank  gravel  from  near-by  pits  to  the  con- 
struction of  an  improved  highway  with  all  the  necessary  drainage 
structures  and  improvements  of  grade  attending  a  broken  stone  road- 
way. 

The  method  of  treating  the  gravel  itself  may  vary  from  the  appli- 
cation as  it  is  found  in  the  pit  to  the  separation  into  sizes,  and  even 
to  passing  the  gravel  through  the  crusher  before  screening.  In 
general,  we  may  separate  gravel  roadways  into  two  classes : 

First,  those  in  which  the  gravel  is  screened  and  applied  in  the 
same  manner  as  with  a  broken  stone  roadway.  This  may  be  with  or 
without  crushing  the  gravel. 

Second,  those  in  which  the  gravel  is  applied  to  the  roadway  in 
its  natural  state  as  found  in  the  pit,  with  or  without  the  addition 
of  other  material,  or  the  natural  material  may  be  passed  through 
the  crusher  before  application  to  the  roadway. 

The  Committee  believes  that  a  more  general  use  of  gravel,  espe- 
cially in  the  surfacing  of  earth  roads,  should  be  encouraged.  The 
low  first  cost  and  ease  of  maintenance  should  help  materially  to  increase 
the  mileage  of  serviceable  roads  in  the  country  districts. 

In  the  first  case,  with  rounded  gravel,  the  tendency  toward  dis- 
lodgment  under  traffic  is  greater  than  with  angular  broken  stone,  and 
hence,  in  order  to  reduce  this  tendency,  the  size  of  the  pieces  in  the 
courses  of  the  roadway  must  be  somewhat  smaller  with  gravel  than 
in  the  case  of  broken  stone. 
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In  the  second  ease,  the  selection  of  the  material  will  be  governed 
by  the  gravel  available  in  the  locality  where  the  roadway  is  to  be 
constructed.  Every  endeavor  should  be  made  to  select  a  material 
that  will  show,  by  test,  its  fitness  as  regards  hardness,  toughness  and 
cementing  power.  The  gravel  should  show  on  mechanical  analysis 
a  grading  of  material  which  will  contain  suiBcient  stone  of  the 
larger  size  to  insure  stability  and  wearing  qualities  under  traffic,  and 
which  will  contain  sufficient  finer  material  to  insure  a  proper  bond. 
The  best  material  will  be  composed  of  gravel  graded  so  that  it  will 
have  a  maximum  density. 

Though  the  most  available  material  will  have  a  wide  range  as  to 
sizes,  the  Committee  believes  that  the  following  specification  for 
sizes,  adopted  by  the  American  Society  of  Municipal  Improvements 
in  1916,  may  be  followed  safely: 

"Two  mixtures  of  gravel,  sand  and  clay  shall  be  used,  hereinafter 
designated  in  these  specifications  as  No.  1  product  (for  top  course) 
and  No.  2  product  (for  middle  and  bottom  courses). 

"No.  1  product  shall  consist  of  a  mixture  of  gravel,  sand  and 
clay,  with  the  proportions  of  the  various  sizes  as  follows :  All  to  pass 
a  IJ-in.  screen  and  to  have  at  least  60  and  not  more  than  75  per  cent, 
retained  on  a  ^-in.  screen;  at  least  25  and  not  more  than  75  per  cent, 
of  the  total  coarse  aggregate  (material  over  i  in.  in  size)  to  be 
retained  on  a  |-in.  screen;  at  least  65  and  not  more  than  85  per  cent, 
of  the  total  fine  aggregate  (material  under  i  in.  in  size)  to  be  re- 
tained on  a  200-mesh  sieve. 

"No.  2  product  shall  consist  of  a  mixture  of  gravel,  sand  and 
clay,  with  the  proportions  of  the  various  sizes  as  follows:  All  to 
pass  a  2i-in.  screen  and  to  have  at  least  60  and  not  more  than  75 
per  cent,  retained  on  a  |-in.  screen;  at  least  25  and  not  more  than 
75  per  cent,  of  the  total  coarse  aggregate  to  be  retained  on  a  1-in. 
screen;  at  least  65  and  not  more  than  85  per  cent,  of  the  total  fine 
aggregate  to  be  retained  on  a  200-mesh  sieve." 

The  condition  of  a  gravel  roadway  depends  largely  on  a  continu- 
ous and  systematic  maintenance.  The  Committee  is  of  the  opinion 
that  this  can  be  best  accomplished  by  an  intelligent  use  of  the  hone 
or  road  drag,  and  the  addition  of  fresh  material  from  time  to  time. 
Where  it  is  advisable  to  use  a  surface  coat  of  bituminous  material, 
the  Committee  is  of  the  opinion  that  it  is  better  to  use  a  bituminous 
material  of  such  consistency  that  it  can  be  applied  at  a  temperature 
below  52°  cent.  (125°  Fahr.),  applying  it  uniformly  under  pressure 
of  not  less  than  20  nor  more  than  75  lb.  per  sq.  in.,  and  in  small 
quantities  (not  to  exceed  i  gal.  per  sq.  yd.),  than  to  attempt  to  apply 
and  maintain   a  thick  carpet  with  heavy  bituminous  material. 

Bituminous  material  should  be  applied  only  after  the  surface 
shall  have  been  thoroughly  compacted  by  traffic. 
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With  gravel  such  as  quartz,  the  cementation  of  which  is  low, 
a  highly  cementitious  void  filler  is  desirable,  and  a  moderate  quan- 
tity of  clay  or  loam  may  be  permissible. 

In  drafting  specifications,  the  refinement  to  be  used  in  the  methods 
of  construction  will  depend  on  the  kind  and  amount  of  traffic  to  be 
sustained,  the  character  and  quality  of  the  gravel  to  be  obtained  in 
that  particular  locality,  and  other  local  conditions. 

As  a  general  conclusion,  however,  it  may  be  said  that  addition 
of  gravel  to  the  road  surface  in  all  forms  is  generally  an  improve- 
ment, and  refinement  in  the  methods  of  construction  of  gravel  roads 
should  be  carried  to  a  point  where  further  refinement  would  not  be 
economical. 

Broken  Stone  Roads. 

General. — General  principles  as  to  lines,  grades,  widths,  drainage, 
and  foundations,  as  outlined  elsewhere  in  this  report,  are  applicable 
to  this  type  of  surface. 

Artificial  fovmdations  qf  cement-concrete  are  not  advisable  or 
economical  for  this  type  of  road.  The  most  preferable  foundations 
consist  of  broken  stone  (either  field  or  ledge),  gravel,  clean,  coarse 
sand,  or  cinders. 

Thickness. — In  determining  the  thickness  of  the  crust,  considera- 
tion must  be  had  of  the  character  of  the  foundation,  and  of  the  weight 
of  vehicles  to  be  supported.  If  laid  on  a  strong  stone  foundation,  a 
maximum  thickness  of  6  in.  of  broken  stone  is  sufficient;  if  on  a 
weaker  foundation,  the  thickness  should  be  increased.  If  the  vehicles 
passing  over  the  road  are  comparatively  light,  that  is,  of  1  or  2  tons 
on  four  wheels,  the  thickness  obviously  need  not  be  as  great  as  when 
4-ton  or  heavier  vehicles  are  to  be  supported. 

Material. — All  broken  stone  should  be  clean,  rough-surfaced, 
sharp-angled,  of  compact  texture,  and  uniform  grain.  It  should  pre- 
ferably be  of  such  quality  that,  using  standard  laboratory  tests,  it  shall 
show  a  percentage  of  wear  not  greater  than  5  (French  coefficient  of 
wear  not  less  than  8),  and  a  toughness  of  not  less  than  6. 

The  broken  stone  should  be  separated  into  component  sizes  by  pass- 
ing the  product  of  the  crusher  over  rotary  screens  having  circular  open- 
ings, the  different  sizes  of  stone  being  collected  in  separate  bins.  The 
separation  of  sizes  is  governed  somewhat  by  the  thickness  at  which 
the  crust  is  to  be  laid.  If  a  6-in.  surface  is  to  be  laid,  the  maximum 
size  should  not  exceed  that  of  stone  passing  a  3-in.  screen,  whereas  if 
the  pavement  is  to  be  7  in.  or  more  in  thickness,  a  3^-in.  screen  is  per- 
missible. In  all  cases  the  stone  should  be  spread  and  rolled  in  two 
or  more  courses,  the  largest  size  being  used  in  the  lower  course  and 
the  smaller  sizes  in  the  upper  course  or  courses,  each  course  being 
spread  in  such  manner  that  there  will  be  uniformity  in  its  density. 
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Such  uniformity  is  accomplished  by  spreading  from  piles  dumped  on 
boards  .or  alongside  the  road,  or  by  some  automatic  spreading  wagons. 
Sizes  properly  used  on  a  6-in.  road  are  as  follows:  Bottom  course, 
stone  passing  over  a  IJ-in.  screen  and  through  a  2|-in.  screen,  the 
stone  being  spread  so  that  it  shall  have  a  thickness  of  4  in.;  top 
course,  stone  passing  over  a  f-in.  screen  and  through  a  IJ-in.  screen, 
this  course  being  2  in.  thick. 

On  an  8-in.  road,  sizes  properly  used  are  as  follows:  Bottom  or 
first  course,  2:^  to  3^  in.;  3^  in.  thick.  Second  course,  1^  to  2^  in.; 
2i  in.  thick.     Third  course,  g  to  1:^  in. ;  2  in.  thick. 

The  sizes  of  stone  thus  indicated  represent  the  sizes  of  the  screens, 
and  the  thickness  indicates  that  after  rolling. 

The  product  passing  through  a  |,  i,  or  |-in.  screen  should  be  used 
as  a  binder,  and  on  two-course  work  should  be  applied  on  the  top 
course  only,  whereas  on  three-course  work,  the  second  course  should 
be  lightly  covered  with  this  material. 

Products  of  broken  stone  obtained  from  portable  and  stationary 
stone-crushing  and  screening  plants,  while  complying  with  a  given 
specification  of  the  type  now  ordinarily  used,  vary  to  a  considerable 
extent,  due  to  variations  in  the  plant  and  its  operation,  such  as  kind 
of  rock,  type  and  method  of  operation  of  crushing  plants,  methods  of 
separation  of  products,  differences  in  lengths  and  diameters  of  sec- 
tions of  rotary  and  shaker  screens,  and  differences  in  inclination  and 
rate  of  operation  of  screens. 

The  necessity  for  more  carefully  drawn  specifications  covering  the 
sizes  of  the  particles  of  which  a  given  product  of  a  stone-crushing  and 
screening  plant  is  composed,  is  illustrated  by  Table  3,  a  mechanical 
analyses  of  two  products  obtained  from  the  same  plant,  both  of  which 
products  passed  over  a  section  of  a  rotary  screen  having  circular 
holes  1|  in.,  and  through  a  section  of  a  rotary  screen  having  circular 
holes  2^  in.,  in  diameter. 

TABLE  3. 


Sample 

"A." 
Percentage. 

Sample 

•B." 

Percentage. 

0.3 

0.4 

2.2 

8.0 

29.1 

27.1 

32.9 

0.2 

1.1 

12.6 

37  5 

40.9 

"      iw  "       "       "         "        "  IM '■        "     

7  7 

u'*    11              i>              n                    "                 "    lU    "                "           

0.0 

100.0 

100.0 

Papers.]  MATERIALS  FOR  ROAD  CONSTRUCTION  1623 

It  is  obvious  that  for  many  forms  of  construction,  in  order  to 
secure  successful  results,  greater  care  must  be  used  in  the  writing  of 
specifications  for  products  of  broken  stone.  The  Committee  recom- 
mends the  general  adoption,  as  soon  as  practicable,  of  the  following 
"Proposed  Standard  Form  of  Specifications  for  Certain  Commercial 
Grades  of  Broken  Stone",  as  recommended  by  Committee  D-4,  of  the 
American  Society  for  Testing  Materials,  in  its  191G  Eeport: 

The  broken  stone  shall  consist  of  one  product  of  the  operation  of  a 
stone-crushing  and  screening  plant,  without  recombining  or  mixing, 
and  shall  conform  to  the  following  mechanical  analysis,  using  laboratory 
screens : 

*  Passing     in.    screen     (having    smallest    holes    selected) 

from to per  cent. 

*  Passing in.  screen  (having  next  to  largest  holes  selected) 

from to per  cent. 

*  Passing     in.     screen     (having    largest    holes     selected) 

from to per  cent. 

Example. — The  broken  stone  shall  consist  of  one  product  of  the 
operation  of  a  stone-crushing  and  screening  plant  without  recombining 
or  mixing,  and  shall  conform  to  the  following  mechanical  analysis, 
using  laboratory  screens : 

Passing     :i-in.    screen 3  to  10% 

"         1-in.        "        and  retained  on  i-in.  screen 80  to  95% 

"       li-in.        "           "           "         "    1-in.      "      2  to  10% 

Total  passing  l|-in.  screen 100% 

In  this  form  of  specification  an  attempt  is  made  to  cover  in  the 
mechanical  analysis  only  the  limits  of  the  smallest  and  largest  par- 
ticles. ISTo  attempt  is  made  to  secure  a  carefully  graded  aggregate, 
but  simply  a  product  suitable  for  the  type  of  road  or  pavement  in 
question. 

Construction. — Each  course  of  a  broken  stone  road  should  be 
thoroughly  rolled  with  a  roller  weighing  from  10  to  15  tons,  the  rolling 
being  done  first  along  the  sides  and  gradually  approaching  the  center, 
and  being  continued  until  there  is  no  movement  of  the  stone  ahead 
of  the  wheels  of  the  roller. 

The  binder  should  be  used  on  the  top  course  in  such  quantity  that, 
after  alternate  spreading  of  binder  and  watering,  with  continuous 
rolling,  the  voids  become  so  filled  as  .to  result  in  a  wave  of  grout 
being  pushed  along  the  surface  by  the  front  wheel  of  the  roller. 

*  An  engineer  should  base  the  selection  of  screens,  to  be  used  in  the  specification 
for  a  given  product  of  broken  stone,  on  the  results  of  mechanical  analyses  of  many 
similar  products  obtained  from  portable  and  stationary  crushing  and  screening  plants 
which  supply  the  locality  in  which  the  specification  is  to  be  used. 
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After  the  completion  and  binding  of  the  top  course,  a  thin  layer 
of  screenings  or  stone  dust  should  be  applied  to  the  surface  in  suf- 
ficient quantity  to  cover  it  evenly. 

Broken  Stone  Eoads  with  Bituminous  Surfaces. 

General. — All  the  principles,  materials,  and  methods  relating  to 
broken  stone  roads  apply  also  to  such  roads  when  covered  with  a 
bituminous  surface,  such  surface  being  applied  after  the  entire  com- 
pletion of  the  broken  stone  road. 

Bituminous  Material.^ — Either  refined  tar,  cut-back  asphalt,  or 
asphaltic  oil  may  be  used  for  the  bituminous  surface.  It  has  been 
demonstrated  that  bituminous  material  of  such  consistency  that  it 
can  be  applied  at  a  temperature  below  52°  cent.  (125°  Fahr.)  is  pre- 
ferable to  heavier  material,  and  that  the  application  of  a  quantity  in 
excess  of  J  gal,  per  sq.  yd.  is  inadvisable. 

Construction. — The  broken  stone  road  on  which  a  bituminous 
surface  is  to  be  applied  should  be  thoroughly  completed  and  allowed 
to  dry.  Traffic  may  advantageously  be  allowed  over  the  road  before 
the  application  of  the  bituminous  material,  provided  it  is  not  of  such 
volume  or  nature  as  to  injure  the  upper  course.  The  application  of 
a  bituminous  surface  should  be  made  on  the  exposed  stone  surface 
of  the  upper  course,  such  exposed  surface  being  obtained  by  thoroughly 
removing  with  brooms  or  sweepers  the  binding  material  or  dust  that 
may  have  been  applied  or  accumulated  thereon.  The  bituminous 
material  should  be  applied  by  a  pressure  distributor  designed  so  that 
the  material  shall  be  distributed  uniformly  and  with  a  pressure  of 
not  less  than  20  lb.  per  sq.  in.  Such  pressure  should  not  be  greater 
than  75  lb.  in  order  not  to  atomize  the  material. 

After  the  bituminous  material  is  applied  it  should  be  covered 
immediately  with  the  toughest  grit  obtainable  that  will  pass  through 
a  screen  with  openings  not  less  than  |  in.  nor  greater  than  |  in.,  just 
enough  of  such  material  being  used  to  cover  the  bituminous  material. 
It  is  advantageous,  but  not  entirely  necessary,  to  roll  with  a  steam 
roller  after  the  application  of  the  grit. 

Bituminous  Macadam  Pavements. 

General. — The  general  principles  applying  to  broken  stone  roads 
also  apply  to  bituminous  macadam  pavements. 

Materials. — The  broken  stone  should  be  of  a  quality  equal  to  that 
prescribed  for  broken  stone  roads,  and  should  have  the  same  char- 
acteristics.   The  bituminous  materials  may  be  of  asphalt  or  refined  tar. 

Construction. — The  principles  relating  to-  thickness  applicable  to  a 
broken  stone  road  are  likewise  applicable  to  bituminous  macadam  pave- 
ments, and  thorough  rolling,  including  the  rolling  of  the  upper  course, 
both  before  and  after  the  application  of  the  bituminous  material,  is 
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also  necessary.  As  it  is  desired  to  bind  only  the  upper  course  with 
bituminous  material,  it  is  necessary,  in  order  to  prevent  waste  by 
penetration,  that  there  should  be  no  appreciable  voids  in  the  next  lower 
course.  It  is  not  necessary,  however,  to  flush  the  filler  or  binder  in 
this  course  to  the  same  extent  as  is  necessary  in  binding  the  top  course 
of  a  water-bound  road,  and  it  is  absolutely  essential  that  no  binder 
should  cover  the  stones  of  the  lower  course  when  the  top  course  is 
spread. 

The  quantity  of  bituminous  material  used  should  be  just  sufficient 
to  penetrate  through  the  upper  course  and  fill  the  voids;  such  penetra- 
tion and  filling  is  accomplished  by  the  application  of  approximately 
1  gal.  of  bituminous  material  to  the  square  yard  for  each  inch  in 
thickness  of  the  upper  course. 

The  use  of  a  pressure  distributor  in  applying  the  bituminous 
material  is  essential,  and  the  distributor  should  be  of  such  type  that 
absolutely  uniform  application  may  be  accomplished,  and  that  no  ruts 
are  formed  in  the  surface  by  the  wheels  supporting  the  distributor. 

The  bituminous  material  should  be  applied  at  such  a  temperature 
that  it  will  flow  freely,  and,  to  insure  proper  penetration,  the  stone 
should  be  dry  and  clean,  and  the  air  temperature  should  not  be  lower 
than  10°  cent.  (50°  Fahr.)  during  application. 

In  order  to  secure  a  proper  surface,  the  covering  material  should 
preferably  consist  of  the  crusher  product  passing  over  a  i-in.  screen 
and  through  a  f-in.  screen.  Finer  material,  however,  may  be  used  for 
covering  if  a  slippery  surface  is  not  objectionable,  but  the  use  of 
material  passing  through  a  10-mesh  sieve  should  be  avoided. 

Bituminous  Concrete  Pavements. 

The  principles  to  be  covered  in  drafting  specifications  for  bitu- 
minous concrete  pavements  will  be  classified  under  the  three  types  into 
which  these  pavements  generally  may  be  divided.  These  types  are 
designated  as  follows : 

(A)  A  bituminous  concrete  pavement  having  a  mineral  aggre- 
gate composed  of  one  product  of  a  crushing   plant; 

(B)  A  bituminous  concrete  pavement  having  a  mineral  aggregate 
composed  of  a  certain  number  of  parts  by  weight  or  volume 
of  one  product  of  a  crushing  plant  and  a  certain  number  of 
parts  by  weight  or  volume  of  fine  mineral  matter,  such  as 
sand  or  stone  screenings; 

(C)  A  bituminous  concrete  pavement  having  a  predetermined 
mechanically  graded  aggregate  of  broken  stone  or  gravel, 
either  alone  or  combined  with  fine  mineral  matter,  such  as 
sand  or  broken  stone  screenings. 
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Bituminous  Concrete  Pavements,  Class  A. 

Mineral  Aggregate. — Broken  stone,  because  of  the  satisfactory 
bond  secured,  should  be  used  wherever  possible,  although  bituminous 
concretes  constructed  with  gravel  have  proved  satisfactory  for  light 
traffic  where  great  care  has  been  taken  in  the  selection  of  the  gravel 
and  in  the  construction  of  the  pavement. 

Broken  stone  should  be  clean,  rough  surfaced,  sharp  angled,  of 
compact  texture,  and  imiform  grain.  If  the  pavement  is  to  be  sub- 
jected to  medium  or  heavy  traffic,  the  broken  stone  used  for  the  con- 
struction of  the  wearing  course  should  show  a  loss  or  abrasion  of  not 
more  than  3.5%  and  its  toughness  should  not  be  less  than  13. 

Especial  care  is  required  in  drafting  the  specifications  covering 
the  broken  stone  or  gravel  to  be  used.  An  excess  of  large  or  small 
sized  stone  or  gravel  should  be  avoided.  Practice  has  demonstrated 
that  a  mineral  aggregate  composed  of  those  materials  which  will  com- 
ply with  the  following  mechanical  analysis,  using  laboratory  screens 
having  circular  openings,  will  produce  satisfactory  results :  All  the 
material  shall  pass  a  l^-in.  screen;  not  more  than  10%  nor  less  than 
1%  shall  be  retained  upon  a  1-in.  screen;  not  more  than  10%  nor  less 
than  3%  shall  pass  a  i-in.  screen. 

Although  satisfactory  pavements  have  been  constructed  using 
unheated  mineral  aggregates  and  suitable  bituminous  cements,  service 
tests  demonstrate  that  the  best  results  are  secured  by  using  for  the 
mineral  aggregate  broken  stone  or  gravel  which  is  heated  until  thor- 
oughly dry  to  between  66°  cent.  (150°  Fahr.)  and  121°  cent.  (250° 
Fahr.).  If  revolving  dryers  in  which  the  flame  .is  permitted  to  come 
in  contact  with  the  aggregate  are  used,  great  care  should  be  taken  to 
ensure  uniformity  of  heating  and  to  avoid  the  danger  of  burning  the 
aggregate. 

Bituminous  Cements. — Experience  has  demonstrated  that  the  most 
efficacious  bituminous  concrete  pavements  of  Class  A  are  constructed 
by  using  suitable  asphalt  cements  or  refined  tars  in  the  mix  and 
asphalt  cements  for  seal  coats. 

In  order  to  obtain  a  fluidity  of  the  bituminous  material  which 
should  be  sufficient  to  ensure  a  proper  coating  of  the  mineral  particles 
in  cases  where  a  heated  aggregate  is  used,  and  also  to  prevent  injury 
to  the  bituminous  material,  the  asphalt  cements  should  be  heated  to  a 
temperature  between  135°  cent.  (275°  Fahr.)  and  177°  cent.  (350° 
Fahr.),  and  refined  tars  to  a  temperature  between  93°  cent.  (200° 
Fahr.)  and  135°  cent.  (275°  Fahr.). 

Mixing. — The  quantity  of  bituminous  cement  to  be  used  in  the 
mix  will  depend  on  the  kind  of  broken  stone  or  gravel  and  bituminous 
cement,  the  character  of  the  aggregate,  the  climatic  conditions,  etc. 
For  the  aggregate  heretofore  mentioned,  the  bituminous  concrete  mix- 
ture should  contain  between  5  and  8%  by  weight  of  bitumen. 
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The  bituminous  concrete  should  be  mixed  in  mixers  designed  and 
operated  so  as  to  produce  and  discharge  a  thoroughly  coated  and  uniform 
mixture  of  non-segregated  aggregate  and  bituminous  cement.  Except  on 
small  contracts  and  for  repair  work,  mixers  which  provide  for  the 
heating  of  the  aggregate  by  the  use  of  a  flame  in  the  mixing  chamber 
should  not  be  used,  on  account  of  the  danger  of  burning  the  aggregate 
or  the  bituminous  cement. 

Laying. — To  ensure  ease  of  manipulation  and  the  proper  compac- 
tion of  the  bituminous  concrete,  the  mixture  as  delivered  on  the 
roadway  should  have  a  temperature  of  not  less  than  66°  cent.  (150° 
Fahr.).  Experience  has  demonstrated  that  a  thickness,  after  rolling, 
o'f  2-in.  of  bituminous  concrete  is  economical  and  efficacious.  In 
order  to  secure  an  even  surface  and  adequate  compaction  by  a  thorough 
interlocking  of  the  particles  of  the  aggregate,  a  tandem  roller  weigh- 
ing between  10  and  12  tons  should  be  used. 

Seal  Coat. — A  seal  coat  should  always  be  used  on  this  type  of 
bituminous  concrete,  as  maintenance  charges  and  annual  cost  will  be 
reduced  materially  thereby.  The  seal  coat  should  consist  of  from 
^  to  1  gal.  per  sq.  yd.  of  asphalt  cement  uniformly  distributed,  pre- 
ferably by  the  use  of  a  hand-drawn  distributor  followed  by  a  squeegee. 
The  bituminous  cement  should  be  covered  with  an  application  of 
stone  chips  which  shotild  be  rolled. 

Seasonal  Limitations. — Bituminous  concrete  of  this  type  should 
not  be  mixed  or  laid  when  the  air  temperature  in  the  shade  is  lower 
than  10°  cent.  (50°  Fahr.),  as  otherwise  it  is  difficult,  under  average 
conditions,  to  secure  an  even  and  well  compacted  wearing  course. 

Bituminous  Concrete  Pavements,  Class  B. 
Specifications  for  pavements  of  this  class  have  generally  stipulated 
that  so  many  parts  of  broken  stone  or  gravel  and  so  many  parts  of 
sand  or  other  fine  material  are  to  be  mixed  with  a  certain  quantity  of 
bituminous  cement.  By  the  use  of  this  specification,  unless  under 
unusual  supervision,  it  is  not  practicable  to  secure  a  well-graded  aggre- 
gate. Although  in  many  cases  the  mixture  contains  an  excess  of 
broken  stone  with  insufficient  fine  material  to  fill  the  voids  therein,  in 
other  cases  it  contains  an  excess  of  sand  in  which  the  broken  stone  is 
contained  as  isolated  particles.  In  general,  because  of  the  conditions 
described,  either  bituminous  concrete  pavements  of  Class  A  or  Class 
C  should  be  used. 

Bituminous  Concrete  Pavements,  Class  C. 

This  type  includes  the  so-called  "Topeka"  mixture,  asphalt  block, 
and  several  kinds  of  patented  pavements. 

TopeJca  Bituminous  Concrete  Pavement. — If  the  Topeka  pavement 
specification  embodies  the  grading,  as  contained  in  the  decree  of  1910, 
namely, 
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■'Bitumen,  from  7  to  11  per  cent. 

Mineral  aggregate,  passing  200-mesh  screen,  from    5  to  11  per  cent. 

a  a  u  Ar\      it  a  "IS  "    SO     ''         " 

"  u         j^Q     u  u  u     25 «  35    "       " 

((  li  a  A       «  (<  "         Q  «    22     ('         i' 

"  "  "  2     "  "       less  than  10  per  cent.," 

special  provisions  should  be  made  in  the  specifications  covering  the 
broken  stone  and  sand  to  be  used,  in  order  to  secure  satisfactory 
grading.  Otherwise,  the  principles  stated  under  "Bituminous  Concrete 
Pavements,  Class  A",  should  be  followed,  except  that  a  seal  coat  is  not 
considered  necessary  under  many  conditions  where  this  type  of  pave- 
ment is  used. 

Asphalt  Block  Pavements. — Specifications  for  asphalt  block  pave- 
ment should  cover  thoroughly  the  several  components  of  the  bituminous 
concrete  used,  the  manufacture  of  the  blocks,  the  blocks  per  se,  and 
the  details  of  construction  of  the  pavement. 

Experience  has  demonstrated  that  the  blocks  should  be  composed 
of  asphalt  cement,  crushed  trap  rock,  and  mineral  dust.  All  particles 
of  the  trap  rock  should  pass  a  ^-in.  screen,  and  the  mineral  dust  or 
filler  should  consist  of  powdered  limestone  or  Portland  cement.  The 
bitumen  content  of  the  blocks  should  be  between  6.5  and  9.5%,  depend- 
ing on  the  grading  of  the  mineral  aggregate  and  the  method  of  manu- 
facture. The  specifications  should  contain  specific  requirements  with 
reference  to  the  asphalt  cement,  filler,  and  the  grading  of  the  mineral 
aggregate,  which  latter  should  be  similar  to  the  following : 

Passing  200-mesh  sieve 20  to  35  per  cent. 

Passing  80-mesh  sieve  and  retained  on  200-inesh  sieve.  .  7  "  15  "  " 
Passing  20-mesh  sieve  and  retained  on  80-mesh  sieve.  .12  "  30  "  " 
Passing  ^-in.  screen  and  retained  on  20-mesh  sieve.  ..  .30  "  50  "  " 
Retained  on  ^-in.  screen 0    "      "    . 

The  specifications  should  also  cover  the  specific  gravity  of  dry 
blocks,  which  should  not  be  less  than  2.45  at  25°  cent.  (77°  Fahr.) 
and  the  percentage  of  absorption  of  water  of  the  blocks,  after  being 
dried  for  24  hours  at  a  temperature  of  65°  cent.  (149°  Fahr.),  should 
not  be  more  than  1%  after  immersion  in  water  for  7  days.  The  blocks 
should  be  about  5  in.  in  width  and  12  in.  in  length,  and  2,  2^,  or  3  in. 
in  depth,  depending  on  traffic  conditions. 

The  blocks  should  be  laid  on  a  fresh  i-in.  mortar  bed  which  covers 
a  cement-concrete  foundation.  After  being  laid,  the  blocks  should  be 
covered  with  a  thin  layer  of  clean,  dry,  fine  sand  which  shall  be 
thoroughly  swept  into  the  joints  until  they  are  filled. 

Patented  Bituminous  Concrete  Pavements. — In  cases  where  pat- 
ented bituminous  concrete  pavements  of  Class  C  are  used,  the  same 
fundamental  principles  observed  under  ''Bituminous  Concrete  Pave- 
ments, Class  A"  should  be  followed,  especially  in  the  case  of  covering 
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ill  detail  the  composition  and  grading  of  the  mineral  aggregate,  and 
the  physical  and  chemical  properties  of  the  bituminous  cements  used. 

Sheet-Asphalt  Pavements. 

A  sheet-asphalt  wearing  course,  consisting  of  predetermined  graded 
sand,  filler,  and  asphalt  cement,  should  be  laid  to  a  compacted  thick- 
ness of  not  less  than  IJ  in.  and  not  more  than  2  in.,  on  a  binder  course 
of  bituminous  concrete  consisting  of  broken  stone  or  broken  stone  and 
sand  mixed  with  asphalt  cement,  the  binder  course  having  a  com- 
pacted thiclvuess  of  not  less  than  1  in.  nor  more  than  11  in. 

Materials. — For  heavy  or  medium  traffic,  the  so-called  close  binder 
should  be  used  instead  of  the  open  binder,  as  the  former  possesses 
greater  inherent  stability  than  the  latter.  Specifications  for  the  grad- 
ing of  open  binder  should  be  similar  to  those  for  the  aggregate  for 
Bituminous  Concrete  Pavements,  Class  A ;  and,  for  a  close  binder,' 
similar  to  the  following : 

Ninety-five  per  cent,  of  the  binder  aggregate  shall  pass  a  screen 
having  circular  openings  the  diameter  of  which  shall  be  of  three- 
quarters  the  thickness  of  the  binder  course  to  be  laid.  The  remaining 
.6%  shall  not  exceed  in  their  smallest  dimension  the  thickness  of  the 
binder  course  to  be  laid.  The  binder  aggregate  shall  be  graded  from 
coarse^  to  fine  so  as  to  have  the  following  mesh  composition : 

Passing  10-mesh  sieve 15  to  35%  [  Total  passing 

Passing  J-in.  screen  and  retained  <      i-in.  screen, 

on  10-mesh  sieve 20  to  50%   [     35  to  85%. 

The  broken  stone  for  the  binder  should  be  heated  to  a  temperature 
between  107°  cent.  (225°  Fahr.)  and  177°  cent.  (350°  Fahr.). 

The  sand  for  the  wearing  course  shall  be  carefully  graded.  For 
pavements  to  be  subjected  to  medium  or  heavy  traffic,  there  should 
be  a  preponderance  of  the  finer  particles ;  and  for  pavements  to  be  sub- 
jected to  light  traffic,  there  may  be  a  preponderance  of  the  coarser 
particles.  Specifications  for  a  sand  for  wearing  <30urses  to  be  subjected 
to  medium  or  heavy  traffic  should  be  similar  to  the  following:  The 
sand  shall  be  hard,  clean,  and  moderately  sharp.  On  sifting  it  shall 
have  the  following  mesh  composition : 
Passing  200-mesh  0  to    5% 

"        100-mesh  and  retained  on  200-mesh  10  "  25%  ) 

"         80     "        «         "         "  100     "       6  "  20%  f 

"         50     "         "         "         "    80     "        5  "  40% 

"         40     "         "  "       ■  "     50     "        5  "  30%, 


Total  passing 
80-mesh  and 
retained  on 
200-mesh,  20 
to  40%. 

Total  passing 
10-mesh  and 
retained   on 

10     "        "         "         "    20     "       2  "  15%  )         40-mesh,    12 

to  45%. 


30     "         "  "  "     40     "        5  "  25% 

20     "         "         ''         "    30     "       5  "  15% 
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The  sand  when  mixed  with  the  asphalt  cement  should  have  a  tem- 
perature between  135°  cent.  (275°  Fahr.)  and  190°  cent.  (375°  Fahr.). 

The  filler  should  be  thoroughly  dry  limestone  dust,  or  dust  from 
other  equally  satisfactory  stone,  or  Portland  cement,  the  whole  of 
which  should  pass  a  30-mesh  sieve  and  at  least  66%  of  which  should 
pass  a  200-mesh  sieve.  The  surface  mixture  should  contain  from 
6  to  20%  of  this  filler,  depending  on  the  kind  of  sand  and  asphalt 
used  and  the  traffic  conditions  on  the  street  or  streets  to  be  paved. 

The  specifications  should  contain  detailed  requirements  covering 
the  physical  properties  of  the  asphalt  cement,  and  should  prescribe 
the  bitumen  content  of  the  binder  course  and  sheet-asphalt  wearing 
course  mixture.  For  the  grading  mentioned,  the  bitumen  should  be, 
for  the  close  binder,  from  4  to  7% ;  and  for  the  sheet-asphalt  wearing 
course  mixture,  from  9.5  to  13.5  per  cent.  The  asphalt  cement  when 
used  should  have  a  temperature  between  121°  cent.  (250°  Fahr.)  and 
177°  cent.  (350°  Fahr.). 

Construction. — The  asphalt  cement  and  broken  stone,  or  broken 
stone  and  sand  for  the  binder  course,  and  the  asphalt  cement,  sand, 
and  filler  for  the  wearing  course,  should  be  thoroughly  mixed  by 
machinery  until  a  homogeneous  mixture  is  produced  in  which  all 
the  particles  are  thoroughly  coated  with  asphalt  cement.  , 

When  brought  to  the  work,  the  temperature  of  the  binder  mixture 
should  be  between  93°  cent.  (200°  Fahr.)  and  163°  cent.  (325°  Fahr.), 
and  of  the  wearing  course  mixture  between  110°  cent.  (230°  Fahr.) 
and  177°  cent.  (350°  Fahr.).  The  binder  course  and  the  wearing 
surface  should  be  compacted  separately  by  rolling  with  a  self-propelled 
roller  weighing  not  less  than  200  lb.  per  inch  of  width  of  tread,  the 
rolling  being  carried  on  continuously  at  the  rate  of  not  more  than 
200  sq.  yd.  per  hour  per  roller  until  a  satisfactory  compression  is 
obtained.  Excessive  use  of  water  on  the  steam  roller  while  compacting 
the  courses  of  the  pavement  should  not  be  permitted.  During  the 
rolling  of  the  wearing  course,  a  small  quantity  of  Portland  cement 
should  be  swept  over  its  surface.  In  cases  where  sheet-asphalt  is 
constructed  next  to  the  curb,  it  is  advisable  to  coat  the  surface  for  a 
space  of  12  in.  next  to  the  curb  with  hot  asphalt  cement. 

Cement-Concrete  Pavements. 

General. — A  thickness  of  from  5  to  8  in.,  as  stated  in  the  general 
principles,  may  ordinarily  be  considered  sufficient  for  a  concrete  slab, 
and  if  it  seems  advisable,  from  motives  of  economy,  the  thickness 
may  be  diminished  from  the  center  of  the  slab  to  the  edges.  Special 
conditions  may  call  for  variations,  even  outside  of  the  limits  given. 
The  character  and  drainage  of  the  sub-grade,  its  probable  stability 
as   a   foundation,   as   well   as   the  nature   and   amount  of   traffic,    are 
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some  of  the  factors  which  enter  into  the  rational  determination  of 
the  thickness  of  the  slab. 

Malerials. — The  cement  should  be  tested  by  the  methods  devised 
and  reeonunended  by  the  Special  Committee  of  the  'American  Society 
of  Civil  Engineers  on  Concrete  and  Reinforced  Concrete,*  and  should 
meet  the  requirements  adopted  by  the  American  Society  for  Testing 
Materials,  as  printed  in  the  1915  Year  Book  of  that  Society. 

The  Committee  wishes  to  emphasize  the  importance  of  the  aggre- 
gate in  making  up  the  concrete  structure.  Fine  aggregate  may  be 
considered  as  gravel,  sand,  or  screenings  from  hard,  durable  rock, 
graded  so  that  it  will  pass,  when  dry,  a  screen  having  i-in.  circular 
openings.  The  best  fine  aggregate  is  in  general  that  which  is  graded 
fairly  uniformly  from  the  ^-in.  size  mentioned  above,  downward,  but 
not  more  than  5%  should  be  of  such  fineness  that  it  will  pass  a  sieve 
having  100  meshes  per  lin.  in.  A  preponderance  of  the  coarser  particles 
rather  than  the  finer  is  desirable,  and  in  any  case  less  than  3%  of 
the  material  should  pass  the  200-mesh  sieve.  The  strength  of  standard 
briquettes,  made  of  samples  of  fine  aggregate  and  tested  at  the  usual 
periods  of  7  and  28  days,  should  show  a  strength  at  least  equal  to 
similar  briquettes  made  of  the  same  cement  and  three  parts  of  standard 
Ottawa  sand.  Coarse  aggregate,  in  general,  should  not  be  larger 
than  such  as  will  pass  a  screen  with  l^-in.  circular  openings,  ranging 
down  fairly  uniformly  from  this  size  to  that  which  will  be  retained 
on  a  i-in.  screen.  The  percentage  of  loss  of  such  material,  as  deter- 
mined by  the  abrasion  test,  should  not  be  more  than  5  per  cent. 

A  denser  and  more  uniform  concrete  may  be  made  by  screening 
the  material,  both  fine  and  coarse  aggregates,  into  different  sizes 
and  recombining  these  different  sizes  in  such  a  way  as  will  give  the 
densest  mixture,  that  is  the  smallest  percentage  of  voids,  when  dry. 
Although  this  adds  somewhat  to  the  expense,  the  resulting  composition 
will  generally  be  found  enough  better  to  make  up  for  the  additional 
expenditure.  Furthermore,  in  proportioning  the  ingredients  of  the 
concrete,  a  mixture  based  on  mechanical  analyses  is  in  general  to 
be  preferred  to  the  arbitrary  rule  of  a  1:2:4  or  1:3:5  mix. 
The  slight  increase  in  time  and  expense  which  is  incurred  by  deter- 
mining the  voids  and  combining  the  various  sizes  to  get  the  greatest 
density  is  more  than  repaid  by  the  strength  and  density  of  the  resulting 
mixture.  Similar  care  in  the  determination  of  the  proper  quantity 
of  water  is  also  to  be  desired  in  order  that  the  concrete  may  have  a 
uniform  consistency  as  it  is  deposited  in  place.  Though  the  mixture 
should  be  rather  wet,  especially  if  it  is  deposited  without  tamping, 
it  should  still  be  stiff  enough  to  hold  its  shape  when  struck  off  by 
the  template,  and  yet  not  result  in  segregation  of  the  different  sizes 

*  Proceedings,  Am.  Soc.  C.  E.,  for  February,  1913. 
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throughout  the  mass.  Water  used  in  mixing  should  be  clean  and 
free  from  oil,  alkali,  or  vegetable  matter. 

Construction. — Forms  used  in  cement-concrete  pavements  should 
be  as  carefully  considered  as  those  for  any  other  class  of  structural 
work  in  concrete.  It  is  important  that  they  be  true,  and  free  from 
warp,  and  of  sufficient  strength  to  hold  the  wet  concrete  without  spring- 
ing out  of  shape.  Particular  care  should  be  taken  to  keep  the  forms 
tight,  so  that  leakage  through  the  sides,  which  will  allow  the  cement 
or  mortar  to  be  carried  out  of  the  coarse  aggregate  along  the  edges 
of  the  roadway,  may  be  effectively  prevented.  The  concrete  should 
be  deposited  rapidly  on  the  sub-grade  to  the  required  depth  and  to 
the  entire  width  of  the  pavement.  It  is  better  to  have  the  surface 
of  the  rolled  and  finished  sub-grade  thoroughly  dampened  before 
beginning  to  deposit  the  concrete.  Rolling  or  ramming  the  freshly 
placed  concrete  is  desirable  wherever  practicable,  as  it  not  only  increases 
the  density  of  the  resulting  mass,  but  also  tends  to  place  the  particles 
of  the  coarse  aggregate  on  the  surface,  so  that  they  interlock  with 
each  other  and  present  a  flat  side  to  the  wear  of  traffic. 

Clean  vertical  joints,  straight  across  the  roadway  through  the 
entire  mass  of  concrete  in  place,  should  be  insisted  on  when  the  work 
stops  for  a  day,  or  if  there  is  a  stoppage  of  more  than  30  min.  in 
the  work  during  the  day.  Special  precautions  should  be  taken  to 
prevent  freezing  when  work  is  carried  on  during  cold  weather,  and 
it  should  be  borne  in  mind  that  concrete  sets  much  more  slowly  in 
cold  weather  than  in  warm  weather.  If,  in  the  course  of  the  work, 
the  temperature  reaches,  say  40°  Fahr.  and  is  falling,  the  operation 
of  mixing  and  laying  concrete  should  be  suspended,  and  the  newly 
laid  surface  suitably  protected  from  frost. 

In  finishing  the  surface  of  the  concrete,  a  template  or  a  striking 
board  should  be  used,  which  gives  the  true  form  of  the  finished  pave- 
ment for  its  entire  width.  For  the  final  surface  finish  the  use  of 
the  wooden  float,  operated  from  a  suitable  bridge  which  spans  the 
entire  pavement,  is  necessary.  Care  should  be  taken  that  the  flnal 
surface  of  the  pavement  is  true,  both  transversely  and  longitudinally, 
that  is,  with  regard  to  both  cross-section  and  grade. 

Brick  and  Slag  Block  Pavements. 

General. — The  general  principles  heretofore  enunciated  will  apply 
to  brick  or  slag  block  pavements,  although  in  some  cases  they  are 
simplifled  in  the  following  paragraphs. 

The  maximum  grade  of  6%  heretofore  given  is  intended  to  apply 
to  pavements  with  cement  mortar  joints;  where  bituminous  joints 
are  used,  or  where  the  brick  or  blocks  are  specially  designed  to  prevent 
slipping,  grades  as  high  as  12%  may  be  used.  With  special  "hillside" 
brick,  bituminous  joints  should  always  be  used. 


I; 
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Artificial  Foundation. — Owing  to  the  inelastic  nature  of  brick  and 
slag  block  pavements,  the  surface  of  the  wearing  course  must  be 
smooth  and  true  to  contour,  to  insure  ease  of  traction,  comfortable 
riding,  and  the  integrity  of  the  surface,  particularly  where  cement 
joints  are  used.  Special  care,  therefore,  should  be  taken  to  provide 
a  concrete  foundation  of  ample  strength  and  with  a  surface  parallel 
with  that  of  the  wearing  course.  The  minimum  of  4  in.  for  the  thick- 
ness of  the  artificial  foundation  should  be  used  only  when  the  brick 
or  blocks  are  bedded  in  cement  mortar  on  a  concrete  foundation 
resulting  in  a  monolithic  pavement  approximately  8  in.  in  thickness, 
or  when  the  natural  foundation  affords  good  drainage  and  is  firm 
and  unyielding.  There  may  be  conditions  under  which  the  concrete 
foundation  can  be  entirely  dispensed  with,  but  this  is  only  justified 
where,  owing  to  the  low  first  cost  of  the  brick,  exceptionally  good 
bearing  qualities  of  the  soil,  light  traffic,  and  lack  of  funds  to  provide 
a  more  substantial  road  surface,  bricl^  laid  with  sand  joints  and 
without  an  artificial  foundation  may  be  used  as  the  first  step  in  road 
improvement.  If  the  roadway  is  not  kept  clean,  the  material  which 
accumulates  on  the  surface  of  the  wearing  course  will  protect  it  from 
injury,  and  its  function  will  then  be  simply  to  provide  a  foundation 
for  an  earth  road. 

Cushion  Course. — The  function  of  the  cushion  between  the  brick 
or  block  and  the  artificial  foundation  of  concrete  is  to  give  resiliency 
to  the  wearing  course  and  to  allow  for  irregularities  in  the  surface 
of  the  concrete  and  for  unavoidable  variations  in  the  depth  of  the 
brick  or  block.  If  the  surface  of  the  concrete  foundation  is  made 
true  to  the  adopted  cross-section,  as  the  variation  of  the  depth  of 
the  brick  or  block  decreases,  the  thickness  of  the  sand  cushion  may 
be  correspond^gly  decreased.  The  desirable  resiliency  will  be  secured 
by  a  sand  cushion  1  in.,  or  even  slightly  less,  in  depth,  provided  that 
depth  is  uniform,  and  if  the  surface  of  the  concrete  foundation  is 
truly  parallel  with  the  finished  pavement;  and,  if  the  variation  in 
the  depth  of  the  brick  or  blocks  does  not  exceed  i  in.,  the  thickness 
of  the  sand  cushion  can  safely  be  reduced  to  |  in.  In  a  number  of 
brick  pavements  recently  laid,  the  cushion  course  has  been  dispensed 
with  entirely,  the  brick  having  been  bedded  in  cement  mortar  spread 
over  the  concrete  foundation.  This  results  in  a  monolithic  structure 
less  capable  of  absorbing  shock  than  is  the  case  where  a  sand  or  bitu- 
minous cushion  is  interposed  between  the  wearing  surface  and  the 
foundation,  and  the  joints  are  filled  with  a  bituminous  filler.  A 
cushion  course  composed  of  sand  or  stone  chips  and  a  bituminous 
cement  from  ^  to  J  in.  in  thickness  may  be  substituted  for  sand  or 
cement  mortar,  provided  the  surface  of  the  concrete  foundation  is 
made  sufficiently  smooth  and  regular  in  contour. 
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Materials. — The  quality  of  the  brick  or  block  should  be  determined 
by  physical  tests,  and  the  standard  rattler  test,  recommended  by  the 
National  Association  of  Paving  Brick  Manufacturers  and  adopted 
by  the  American  Society  for  Testing  Materials,  is  approved  by  the 
Committee.  This  test  will  indicate  the  toughness  and  resistance  to 
wear  from  shock  and  abrasion.  Uniformity  in  the  rate  of  wear  is 
so  important  that  it  properly  may  be  a  controlling  consideration, 
even  at  the  expense  of  a  moderate  increase  in  the  rate  of  wear. 
Absorption  is  readily  determined  by  immersion  in  water.  In  size 
and  shape  it  is  desirable  to  conform  to  accepted  standards,  in  order 
that  repairs  and  renewals  may  more  readily  be  made.  Uniformity 
in  size  is  especially  important,  and  variations  in  depth  should  be 
kept  within  the  narrowest  limits,  for  reasons  heretofore  given  under 
"Cushion  Course". 

Construction. — The  brick  or  block  should  be  laid  in  straight, 
courses  at  right  angles  to  the  axis  of  the  roadway,  although  at  inter- 
sections they  may  advantageously  be  laid  in  diagonal  courses  arranged 
so  that  traffic  turning  any  of  the  corners  will  move  across  and  not 
along  the  continuous  joints.  They  should  be  laid  so  that  the  joints 
shall  be  uniform  in  width  and  of  sufficient  width  only  to  permit  the 
filler  to  reach  the  bottom  of  the  joints.  Lug  bricks  have  the  advantage 
of  insuring  such  uniform  joints,  with  ordinary  care  in  laying.  If  a 
sand  cushion  is  used  great  care  should  be  taken  to  avoid  any  dis- 
turbance of  the  surface  of  the  cushion  after  it  shall  have  been  brought 
to  true  grade  by  using  a  template.  If  bedded  in  a  mortar  or  bitumi- 
nous cushion,  the  brick  or  block  should  be  bedded  so  that  the  surface 
shall  be  as  true  as  possible.  In  all  cases  the  brick  after  being  laid 
should  be  brought  to  a  true  and  even  surface  by  the  use  of  a  roller. 

Stone  Block  Pavements. 

Materials. — The  stone  pavements  of  this  country  are  generally  of 
granite  or  sandstone,  the  particular  kind  being  determined  by  the 
availability  of  the  different  materials.  Limestone  is  used  to  a 
certain  extent  in  one  or  two  cities,  but  so  slightly  that  it  need  not  be 
considered. 

In  order  to  make  a  good  paving  block,  stone  should  be  resistant 
to  wear,  hard  and  tough,  and  of  such  a  character  as  to  be  easily 
broken  into  regular  shapes.  Toughness  is  more  important  than  hard- 
ness, as  in  very  few  cases  will  the  blocks  of  a  stone  pavement  of  a 
character  such  as  is  generally  used  be  much  reduced  under  actual 
traffic.  The  quantity  of  wear  is  not  as  important  as  that  the  wear 
shall  be  uniform,  so  that  the  surface  of  the  pavement  may  be  kept 
smooth  and  even. 

The  character  of  sandstone  is  such  that,  though  it  does  wear 
smooth,  it  is  never  slippery;  but  with  granite,  if  the  stone  is  too  hard, 
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even  when  no  particular  wear  is  noticed  under  traffic,  the  surface 
soon  becomes  smooth  and  slippery,  and  the  harder  the  stone  the  more 
slippery  it  becomes. 

To  make  siiitable  paving  blocks,  granite  should  be  a  medium  and 
uniform  grained  stone,  of  such  a  character  that  when  broken  it  will 
present  smooth  and  even  surfaces,  and  have  a  percentage  of  wear  of 
not  more  than  4.5  and  toughness  of  not  less  than  8.  It  should  have 
a  crushing  strength  of  not  less  than  20  000  lb.  per  sq.  in. 

Sandstone  should  be  hard  and  tough,  and  of  a  character  to  meet 
the  requirements  given  for  granite,  except  as  to  crushing  strength, 
which  should  be  not  less  than  16  000  lb.  per  sq.  in. 

As  the  stone  must  be  made  into  comparatively  small  blocks,  and 
as  this  is  done  by  expensive  labor,  the  size  of  the  blocks  is  extremely 
important.  Probably  the  ideal  sized  block  would  be  8  in.  long,  3^  in. 
wide,  and,  under  general  conditions,  5  in.  deep,  but  if  blocks  were 
made  to  conform  exactly  to  these  dimensions,  they  would  be  extremely 
expensive,  so  that  it  is  considered  good  practice  to  allow  variations 
in  length  from  8  to  12  in.,  in  width  from  3^  to  4^  in.,  and  in  depth 
from  4|  to  5^  in.  When  sandstone  is  used,  the  blocks  can  be  a  little 
wider,  as  far  as  use  is  concerned.  All  blocks,  however,  should  be  sorted, 
so  that  the  adjacent  courses  can  be  kept  as  nearly  imiform  in  width 
as  possible.  Under  no  circumstances,  however,  should  blocks  of 
different  widths  be  used  in  the  same  course.  The  blocks  should  be 
dressed  so  that  they  will  lie  with  close  joints,  and  have  good,  smooth, 
and  even  heads. 

Another  form  of  stone  block  pavement,  used  to  some  extent  in 
Europe,  and  which  has  recently  been  introduced  into  this  country, 
is  known  as  "Durax"  in  England  and  as  "Kleinpflaster"  in  Germany. 
It  consists  of  blocks  approximating  cubes  2^  to  4  in.  in  size,  although 
they  should  not  be  exactly  cubical ;  they  should  be  sufficiently  irregular, 
both  in  size  and  shape,  to  permit  them  to  be  laid  in  arcs  of  circles 
of  comparatively  small  radii  and  so  that  the  joints  will  not  be  exces- 
sively large.  By  laying  the  courses  in  circular  arcs,  none  of  the  joints 
is  parallel  to  any  line  of  traffic. 

In  Europe  these  blocks  are  used  to  a  great  extent  in  resurfacing 
the  broken  stone  roads  where  the  traffic  is  too  heavy  for  the  macadam, 
and  to  some  extent  in  city  streets.  If  the  blocks  can  be  produced  in 
this  country  at  a  reasonable  price,  they  will  make  very  satisfactory 
roads.  They  have  been  used  to  a  slight  extent  in  pavements  in  some 
Southern  cities. 

During  the  last  few  years  many  pavements  have  been  laid  of 
granite  blocks  made  by  splitting  up  old  ones  which  had  been  in  use 
for  some  years.  With  blocks  that  ranged  from  4  to  5  in.  in  width,  10 
to  12  in.  and  even  14  in.  in  length,  and  8  in.  in  depth,  it  has  been  found 
possible  to  get  many  good  blocks  of  smaller  size  by  cutting  them  up. 
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The  new  blocks,  being  small,  could  be  cut  to  a  reasonably  true  surface 
without  much  work,  with  the  result  that  the  old  blocks  recut  would 
actually  lay  more  square  yards  in  a  pavement  than  the  original  ones. 
This  practice  is  to  be  commended,  both  on  the  score  of  economy  and 
result. 

Foundation  and  Cushion. — It  is  assumed  that  the  foundation  for 
permanent  stone  pavements  will  in  all  cases  be  concrete.  On  the  con- 
crete must  be  spread  a  material  to  act  both  as  a  cushion  to  the  blocks 
themselves  and  to  even  up  the  surface  of  the  concrete;  and  the 
smoother  the  surface  and  the  less  the  variation  in  the  depth  of  the 
blocks,  the  thinner  can  be  the  cushion,  although  it  should  not  be  less 
than  I  in.,  in  any  event. 

The  cushion  which  has  generally  been  used  for  this  purpose  is 
sand,  but  recently  engineers  have  been  considering  the  advisability 
of  using  Portland  cement  mortar  instead.  The  objection  to  mortar, 
made  by  some,  is  that  it  makes  a  too  solid  base  for  the  blocks,  not 
giving  any  resiliency.  This  at  present  is  a  mooted  question,  and 
the  Committee  does  not  desire  to  express  a  positive  opinion  as  to 
the  relative  values  of  the  two.  If  a  good  bituminous  cushion  could 
be  provided,  it  would  probably  be  more  satisfactory  than  either  the 
mortar  or  the  sand,  but  it  is  questionable  if  the  advantage  gained 
would  justify  the  increase  in  expense.  (See  also  Brick  and  Slag  Block 
Pavements.) 

Construction. — The  blocks  should  be  laid  on  the  cushion  stone  to 
stone,  keeping  the  joints  as  small  as  possible.  The  joints  should  be 
filled  with  water-proof  material.  For  this  purpose  a  Portland  cement 
grout,  asphalt,  or  some  other  bituminous  filler  is  generally  used,  and 
in  some  cases  sand  is  mixed  with  a  bituminous  material  in  order  to 
increase  the  toughness  of  the  filler.  All  these  fillers  give  good  results, 
but  with  cement  grout  the  cost  of  taking  up  and  restoring  the  pavement 
over  cuts  is  increased  over  that  of  a  bituminous  filler,  as  in  many 
cases  blocks  are  broken  in  taking  them  up,  and  it  is  difficult  to 
clean  the  cement  from  the  individual  blocks  and  also  to  keep  the 
traffic  from  the  cut  or  patch  while  the  grout  is  setting  after  the  pave- 
ment has  been  restored.  Another  disadvantage  of  the  cement  grout 
filler  is  that  it  is  highly  important  that  it  be  perfectly  set  before 
traffic  is  allowed  on  the  pavement,  and  in  large  cities  it  is  almost 
impossible  to  keep  traffic  from  the  pavement,  after  it  is  laid,  for 
the  necessary  length  of  time. 

Wood  Block  Pavements. 

General. — In  using  wood  in  pavements,  special  attention  should  be 

given  to  the  crown  of  the  street,  as  this  material  undoubtedly  presents, 

under  certain  conditions,  a  more  slippery  surface  to  traffic  than  any 

other.      Wherever   the    longitudinal    grade   is    sufficient    to    allow   the 
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water  to  run  off  freely,  the  crown  should  be  very  flat,  not  exceeding 
3  in.  in  a  roadway  width  of  30  ft.  On  streets  that  must  be  used  con- 
tinuously, the  maximum  grade  allowed  should  not  exceed  2%,  although 
on  residence  streets,  where  pavements  can  be  avoided  when  they  are 
exceptionally  slippery,  grades  up  to  3  or  4%  are  permissible. 

Kinds  of  Wood  for  Blocks. — It  is  generally  accepted  that,  what- 
ever the  kind  of  wood  used  for  pavements,  it  must  be  treated  with 
some  preservative,  in  order  to  make  it  suitable.  It  is  important  that 
as  many  kinds  of  wood  be  used  as  possible,  so  that  in  any  territory 
the  most  available  one  can  be  used.  Just  how  many  varieties  can 
be  utilized  is  uncertain  at  the  present  time,  but  those  that  are 
undoubtedly  good  are:  Southern  yellow  pine,  Douglas  fir,  tamarack, 
Norway  pine,  hemlock,  and  black  gum.  In  the  East  and  Central  West, 
Southern  yellow  pine,  and  on  the  Pacific  Coast,  Douglas  fir,  are  gener- 
ally used.  Experiments  will  be  necessary  to  determine  just  what  other 
kinds  will  be  satisfactory. 

The  blocks  must  be  sound,  and  must  be  well  manufactured,  square- 
biitted,  square-edged,  free  from  unsound,  loose  or  hollow  knots,  knot 
holes,  worm  holes,  and  other  defects,  such  as  shakes,  checks,  etc., 
that  would  be  detrimental  to  the  blocks. 

The  number  of  annual  rings  in  the  1  in.  which  begins  2  in.  from 
the  pith  of  the  block  should  not  be  less  than  6,  measured  radially, 
provided,  however,  that  blocks  containing  between  5  and  6  rings  in 
this  inch  may  be  accepted  if  they  contain  331%,  or  more  of  summer 
wood.  In  case  the  block  does  not  contain  the  pith,  the  1  in.  to  be 
used  shall  begin  1  in.  away  from  the  ring  which  is  nearest  to  the 
heart  of  the  block.  The  blocks  in  each  charge  shall  contain  an  average 
of  at  least  70%  of  heart  wood.  No  one  block  shall  be  accepted  that 
contains  less  than  50%  of  heart  wood. 

Size  of  Blocks. — The  blocks  should  be  from  5  to  10  in.  long,  but 
should  preferably  average  two  times  the  depth ;  they  should  be  .  . .  in.* 
in  depth.  They  may  be  from  3  to  4  in.  in  width,  but  in  any  one 
city  block  all  of  them  should  be  of  uniform  width.  A  variation  of  -^ 
in.  should  be  allowed  in  the  depth  and  i  in.  in  the  width  of  the  blocks 
from  that  specified.  In  all  cases  the  width  should  be  greater  or  less 
than  the  depth  by  at  least  i  in. 

Preservatives  for  Wood  Blocks. — Many  different  materials  have 
been  used  in  the  past  for  wood  preservatives,  but  it  seems  to  be 
admitted  generally  that,  taking  all  things  into  consideration,  coal-tar 
creosote  oil  is  the  best.  As  the  object  of  the  preservative  is  not  only 
to  prevent  the  blocks  from  decay,  but  also  to  prevent  them  from 
swelling  in  wet  weather  or  shrinking  in   dry  weather,  whatever  the 

•  The  Committee  recommends  blocks  4  in.  In  depth  for  very  heavy  traffic  streets; 
blocks  3Vi  in.  in  depth  for  moderate  traffic  streets.  For  light  traffic  streets  blocks  3  in. 
In  depth  may  be  used,  but  where  3-in.  blocks  are  used,  no  blocks  should  be  longer  than 
8  in. 
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preservative,  it  should  be  of  a  character  that  will  render  the  blocks 
stable  and  free  from  decay,  for  as  long  a  time  as  possible.  It  is 
probable  that  under  the  traffic  that  prevails  on  most  of  the  streets 
paved  with  wood  in  this  country,  if  the  blocks  can  be  kept  stable 
and  free  from  decay,  the  pavement  will  last  from  30  to  35  years,  or 
even  longer.  It  is  necessary,  however,  to  have  an  oil  that  is  in 
itself  stable  and  will  remain  in  the  blocks  a  long  time. 

It  is  thought  that  a  heavy  gravity  oil  will  do  this  better  than 
one  of  light  gravity,  as  the  former  is  less  volatile  and  will  maintain 
its  condition  better  while  exposed  to  atmospheric  changes.  The 
Committee  recognizes  that  good  results  have  been  obtained  by  the 
use  of  a  pure  distillate  oil  and  also  one  which  contains  a  certain 
quantity  of  coal-gas  tar.  These  two  oils  should  conform  to  the  fol- 
lowing requirements: 

Distillate  Oil. — The  oil  shall  be  a  distillate  of  coal-gas  tar  or  coke- 
oven  tar.     It  shall  comply  with  the  following  requirements: 

1.  It  shall  not  contain  more  than  3%  of  water.  • 

2.  It   shall   not   contain  more   than   0.5%   of  matter  insoluble   in 

benzol. 

3.  The  specific  gravity  of  the  oil  at  38°  cent.   (100°   Fahr.)   shall 

be  not  less  than  1.06. 

4.  The  distillates  based  on  water-free  oil  shall  be  within  the  fol- 

lowing limits: 

Up  to  210°  cent.,  not  more  than     5  per  cent. 

Up  to  235°  cent.,  not  more  than  15  per  cent. 
The  residue  above  355°   cent.,  if  it  exceeds  10%,  shall  have 

a  float  test  of  not  more  than  .  ..  .*  sec.  at  0°  cent. 

5.  The   specific   gravity   of   the   fraction  between   235°    cent,   and 

315°    cent,    shall    be   not    less   than    1.02    at    38°/15.5°    cent. 

(100°/60°  Fahr.). 

The  specific  gravity  of  the  fraction  between  315°   cent,  and 

355°  cent,  shall  be  not  less  that  1.09  at  38°/15.5°   cent. 

(100°/60°  Fahr.). 

6.  The  oil  shall  yield  not  more  than  2%  coke  residue. 

Coal-Tar  Paving  Oil. — The  oil  shall  be  a  coal-tar  product  of 
which  at  least  65%  shall  be  a  distillate  of  coal-gas  tar  or  coke-oven  tar, 
and  the  remainder  shall  be  refined  or  filtered  coal-gas  tar  or  coke-oven 
tar,  to  comply  with  the  following  requirements : 

1.  It  shall  not  contain  more  than  3%  of  water. 

2.  It  shall  not  contain  more  than  3%  of  matter  insoluble  in  benzol. 

3.  The  specific  gravity  of  the  oil  at  38°  cent.   (100°  Fahr.)  shall 

be  not  less  than  1.07  nor  more  than  1.12. 

*  It  was  understood  that  the  blanks  left  in  the  requirements  for  the  float  test  would 
be  filled  in  when  the  results  of  experiments  being  made  by  the  Committee  on  Pre- 
servatives, of  the  American  Wood  Preservers'  Association,  were  known. 
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4.  The  distillates  based  on  water-free  oil  shall  be  within  the  fol- 

lowing limits: 

Up  to  210°  cent.,  not  more  than  5  per  cent. 

Up  to  235°  cent.,  not  more  than  25  per  cent. 
The  residue  above  355°  cent.,  if  it  exceeds  35%,  shall  have  a 

float  test  of  not  more  than  .  . .  .*  sec.  at  100°  cent. 

5.  The   specific   gravity   of  the   fraction   between   235°    cent,    and 

315°    cent,    shall   be    not   less    than    1.02    at    38°/15.5°    cent.  • 

(100°/60°  Fahr.). 

The  specific  gravity  of  the  fraction  between  315°   cent,   and 

855°  cent,  shall  be  not  less  than  1.09  at  38°/l5.5°  cent. 

(100°/60°  Fahr.). 

6.  The  oil  shall  yield  not  more  than  ( ?)  residue. 

Some  engineers,  however,  feel  that  a  creosote  oil  produced  from 
water-gas  tar  is  as  good  as  one  produced  from  coal-gas  tar,  if  not 
better.  Though  the  Committee  does  not  have  this  feeling,  it  does 
suggest  the  following  requirements  for  water-gas  tar  oil,  if  it  should 
be  used: 

1.  The  preservative  oil  shall  be  a  product  of  water-gas  tar,  and 

free  from  admixture  of  other  crude  or  unrefined  tars. 

2.  The  specific  gravity  at  38°  cent.   (100°  Fahr.),  compared  with 

water  at  the  same  temperature,  shall  be  between  1.11  and  1.14. 

3.  Material   insoluble   by   hot   continuous   extraction   with   benzol 

or  chloroform  shall  not  exceed  2%  by  weight. 

4.  Distillation  to  210°  cent,  shall  not  exceed     3%  by  weight. 

"  "    235°      "          "        "          "       10%    "         " 

«  "    315°      "          "        "          "       40%    "         " 

"  "    355°      "  shall  not  be  less  than  25  per  cent. 

5.  Specific  gravity   of  the  distillate   at   38°    cent.    (100°    Fahr.), 

compared  to  15.5°  cent.   (60°  Fahr.)  between  235°  cent,  and 
315°  cent.,  should  not  be  less  than  0.96  nor  more  than  1.00. 

Treatment  of  Wood  Blocks. — The  timber  may  be  either  air-seasoned 
or  green,  but  should  preferably  be  treated  within  3  months  from  the 
time  it  is  sawed.  Green  timber  and  seasoned  timber,  however,  should 
not  be  treated  together  in  the  same  charge.  The  blocks  should  be 
treated  in  an  air-tight  cylinder  with  the  preservative  heretofore  speci- 
fied. In  all  cases,  whether  thoroughly  air-seasoned  or  green,  they 
should  first  be  subjected  to  live  steam  at  a  temperature  between  104° 
and  160°  cent.  (220°  and  240°  Fahr.)!  for  not  less  than  2  hours  nor 
more  than  4  hours,  at  the  discretion  of  the  treating  plant  operator, 

*  It  was  understood  that  the  blanks  left  In  the  requirements  for  the  float  test  would 
be  filled  in  when  the  results  of  experiments  being  made  by  the  Committee  on  Pre- 
servatives, of  the  American  Wood  Preservers'  Association,  were  known. 

t  In  no  case  should  a  steam  pressure  of  20  lb.  per  sq.  in.  be  exceeded. 
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after  which  they  should  be  subjected  to  a  vacuum  of  not  less  than 
22  in.,  held  for  at  least  1  hour.  While  the  vacuum  is  still  on,  the 
preservative  oil,  heated  to  a  temperature  of  between  82°  and  104°  cent. 
(180°  and  220°  Fahr.)  should  be  run  in  until  the  cylinder  is  com- 
pletely filled,  care  being  taken  that  no  air  is  admitted.  Pressure 
should  then  be  gradually  applied,  not  to  exceed  50  lb.  at  the  end  of 
the  first  hour  nor  100  lb.  at  the  end  of  the  second  hour,  and  then 
maintained  at  not  less  than  100  nor  more  than  150  lb.  until  the 
wood  has  absorbed  the  required  quantity  of  oil.* 

After  this  a  supplemental  vacuum,  in  which  the  maximum  intensity 
reached  is  at  least  20  in.  and  the  time  the  vacuum  is  applied  not  less 
than  30  min.,  should  be  applied.  If  desired,  this  vacuum  may  be 
either  preceded  or  followed  by  a  short  steaming  period. 

In  any  charge  blocks  should  contain  at  least  16  lb.  of  water-free 
oil  per  cu.  ft.  of  wood  at  the  completion  of  the  treatment.  The  blocks 
after  treatment  should  show  satisfactory  penetration  of  the  preserva- 
tive, and  in  all  cases  the  oil  must  be  diffused  throughout  the  sapwood. 
To  determine  this,  at  least  25  blocks  shall  be  selected  from  various 
parts  of  each  charge  and  sawed  in  half  perpendicular  to  the  fibers 
through  the  center,  and  if  more  than  one  of  these  blocks  shows 
untreated  sapwood,  the  charge  should  be  re-treated.  After  re-treating, 
the  charge  should  be  again  subjected  to  a  similar  inspection. 

The  surface  of  the  blocks  after  treatment  should  be  free  from 
deposits  of  objectionable  substances,  and  all  blocks  that  have  been 
materially  warped,  checked,  or  otherwise  injured  in  the  process  of 
treatment  should  be  rejected. 

Handling  Blocks  after  Treatment. — Blocks  should  preferably  be 
laid  in  the  street  as  soon  as  possible  after  being  treated.  If  they 
cannot  be  laid  immediately,  provision  should  be  made  to  prevent  them 
from  drying  out  by  stacking  in  close  piles  and  covering  them,  and, 
if  possible,  by  sprinkling  them  thoroughly  at  intervals.  In  any  case, 
where  they  are  not  laid  as  soon  as  they  are  received  on  the  street, 
they  should  be  well  sprinkled  about  2  days  before  being  laid,  under 
the  direction  of  the  purchaser.  It  is  important  to  have  the  wood  suffi- 
ciently wet  to  be  swelled  to  its  maximum  size  before  it  is  laid. 

Inspection. — All  material  herein  specified  and  processes  used  in 
the  manufacture  of  the  blocks  therefrom  should  be  subject  to  inspec- 
tion, acceptance,  or  rejection  at  the  plant  of  the  manufacturer,  which 
should  be  equipped  with  the  necessary  gauges,  appliances,  and  facili- 
ties to  enable  the  inspector  to  satisfy  himself  that  the  requirements 
of  the  specifications  are  fulfilled. 

The  purchaser  should  have  the  further  right  to  inspect  the  blocks 
after  delivery  on  the  street,  for  the  purpose  of  rejecting  any  blocks 

*  This  treatment  is  recommended  for  yellow  pine  only.  It  is  probably  also  suited 
to  Norway  pine,  hemlock,  black  gum,  and  tamarack,  but  not  to  Douglas  fir. 
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that  do  not  meet  these  specifications,  except  that  the  plant  inspections 
should  be  final  with  respect  to  the  kind  of  wood,  rings  per  inch,  oil, 
and  treatment. 

Consiruction. — There  are  two  methods  of  laying  wood  blocks, 
one  with  and  one  without  a  cushion.  In  Europe  it  is  invariably  the 
practice  to  lay  the  blocks  directly  on  the  concrete  bed.  When  this  is 
done  it  is  necessary  that  the  surface  of  the  concrete  be  made  abso- 
lutely smooth  and  true  to  the  required  cross-section  of  the  pavement. 
In  this  country  the  practice  has  been  to  surface-up  the  concrete,  as 
has  been  mentioned  in  connection  with  stone  blocks,  with  cement 
mortar  or  sand.  The  Committee  believes  that  the  cement  mortar  will 
give  a  better  result  than  the  sand.  It  should,  however,  be  mixed  as 
dry  as  possible  and  at  the  same  time  insure  setting,  and  the  blocks 
should  be  thoroughly  rolled  into  it.  If  the  sand  cushion  is  used,  the 
blocks  should  also  be  rolled  to  a  smooth  surface. 

The  Committee  looks  with  a  great  deal  of  favor  on  the  practice 
of  finishing  the  concrete  to  a  true  surface  and  laying  the  blocks 
directly  on  it,  and  would  suggest  that  engineers  laying  this  pavement 
try  this  method,  and,  if  the  cost  of  producing  a  smooth  concrete 
surface  is  not  excessive,  the  method  be  generally  adopted. 

The  blocks  should  be  laid  closely  and  the  joints  filled  with  some 
suitable  material.  Three  methods  have  been  used  in  this  country 
for  joint  filling:  sand,  cement  grout,  and  a  bituminous  material.  On 
heavy  traffic  streets,  if  fine  sand  is  used,  good  results  will  be  obtained. 
On  light  traffic  streets,  however,  it  may  be  better  to  use  a  bituminous 
filler  of  practically  the  same  character  as  that  used  for  granite. 

If  a  bituminous  filler  is  used,  the  pavement  should  be  covered  with 
a  thin  layer  of  fine  sand,  which  should  be  allowed  to  remain  1  or  2 
weeks  after  the  traffic  has  been  allowed  on  the  street. 

The  Committee  does  not  feel  that  cement  grout  should  be  used 
in  any  case. 

Though  a  wood  block  pavement  should  keep  stable,  it  is  undoubt- 
edly safer  to  use  a  bituminous  joint  along  the  curb  to  provide  for 
expansion  or  contraction. 

Bleeding. — Considerable  inconvenience  has  been  caused  in  certain 
cities  by  "bleeding",  or  the  exudation  of  the  preservative  on  the  sur- 
face of  the  street,  after  the  blocks  have  been  laid.  If  the  proper 
precaution  is  taken  with  the  character  of  the  material  and  the 
character  of  the  treatment,  it  is  thought  that  this  can  be  avoided. 
If  the  pavement,  however,  should  bleed  to  such  an  extent  as  to  be 
a  nuisance,  it  should  be  covered  with  fine  sand,  so  that  the  surface 
material  can  be  absorbed.  After  one  or  two  applications  there  should 
be  no  further  trouble. 

The  Committee  wishes  to  express  again  its  deep  appreciation  of 
the   assistance   rendered  it   by  the   Board   of   Direction   and  by   your 
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Secretary,   Mr.    Chas.   Warren  Hunt,   as  well  as  by   members   of  the 
Society,  and  others. 

Very  respectfully, 

For  the  Special  Committee  on 
"Materials  for  Road  Construction  and 
on  Standards  for  Their  Test  and  Use." 

Arthur  H.   Blanchard,  Secretary. 
Committee : 

W.  W.  Crosby,  Chairman, 
H.  K.  Bishop, 
A.  H.  Blanchard, 
A.  W.  Dean, 
N.  P.  Lewis, 

C.  J.   TiLDEN, 
G.   W.    TiLLSON. 

November  4th,  1916. 
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PROGRESS  REPORT 

OF  THE 

SPECIAL  COMMITTEE  ON  STEEL  COLUMNS  AND 

STRUTS* 


To  THE  American  Society  of  Civil  Engineers  : 

The  Special  Committee,  authorized  by  vote  of  this  Society,  "to 
consider  and  report  upon  the  design,  ultimate  strength,  and  safe  working 
values  of  steel  columns  and  struts",  presents  the  following  report  of 
progress. 

During  the  past  year,  your  Committee  has  held  five  regular 
meetings,  and  the  minutes  of  these  meetings  have  been  sent  to  the 
Board  of  Direction  for  publication  in  the  Proceedings. 

The  last  Progress  Report  of  your  Committee  gave  a  list  of  eighteen 
Carnegie,  mine  section,  H-columns.  These  columns  were  donated  to 
the  Bureau  of  Standards  for  testing  purposes  in  connection  with  the 
Committee's  programme.  These  mine  sections  are  rolled  only  in 
one  light-weight  cross-section,  so  there  is  no  opportunity  for  comparing 
the  results  for  various  thicknesses  of  metal,  as  in  the  other  column 
types.  An  abstract  of  the  results  of  the  tests  on  these  columns  is  shown 
in  Table  1. 

The  experimental  work  of  the  Bureau  of  Standards  of  the  U.  S. 
Government  at  Washington,  S.  W.  Stratton,  Director,  has  made 
steady  progress,  and  a  large  part  of  the  work  of  your  Committee  has 
been  spent  in  co-operation  with  the  Bureau,  in  following  up  the  results 
of  the  tests,  and  in  determining  the  details  of  future  procedure. 

In  the  last  Progress  Report  of  the  Committee,  mention  was  made 
of  three  lines  of  investigation  which  were  being  prosecuted  by  means 
of  supplementary  tests.  These  tests  have  been  made,  and  the  results 
are  herewith  presented. 

*  To  be  presented  to  the  Annual  Meeting,  January  17th,  1917. 
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1. — On  pages  2763  and  2764  of  the  Proceedings  for  December,  1915, 

I 
mention   was   made    of   short   columns,  slenderness  ratio  of     -   =   20, 

r 

which  were  cut  from  longer  columns  that  had  already  been  tested  to 

their  ultimate  strength,  and  it  was  stated  that  your  Committee  did 

not  care  to   draw  conclusions  until  tests  could  be  made  on  columns 

which  had  not  been  previously  stressed. 

The  Bureau  of   Standards   ordered   six   plate  and  angle   columns, 

I 
slenderness  ratio  of       =   20,  Type  1,  three   of  light  section  and  three 

of  heavy  section.  The  abstract  of  the  test  results  is  shown  in  Table  1, 
but  it  will  be  seen  that  this  abstract,  like  that  of  last  year,  does  not 
tell  the  whole  story.  The  stress-strain  diagrams  for  these  six  columns 
are  shown  in  Fig.  1,  and  when  they  are  compared  with  the  stress-strain 
diagrams  shown  in  the  report  of  last  year,  it  will  be  seen  that  approxi- 
mately the  same  relative  difference  exists  between  the  yield  points  of 
the  light  and  heavy  material. 

2. — Attention  was  called,  in  the  last  report,  to  the  uniform  dif- 
ference in  ultimate  strength  between  the  columns  of  light  and  heavy 
sections,  and  additional  test  columns  were  ordered  by  the  Bureau 
of  Standards,  to  learn  whether  the  reduction  in  ultimate  strength 
in  the  heavy  sections  was  progressive  as  the  thickness  of  the  material 
increased.     As  was  noted,  a  full  set  of  three  columns  of  each  of  the 

I 
three  slenderness  ratios  —  =  50,  85,  and  120  was  chosen  for  Type  5, 
r 

which  is  a  Bethlehem  H-section,  with  a  nominal  area  of  26.64  sq.  in. 

An  abstract  of  the  test  records  of  these  extra  heavy  Bethlehem  columns 

is   shown   in   Table   2.     It   also   shows  the  abstract  of   the  light  and 

heavy  Bethlehem  sections,  which  were  tested  and  recorded  last  year. 

One   set   of   extra   heavy   columns.    Type   1,   which   are   plate   and 

angle   I-shape  columns,   with   a   nominal   area   of   28.61   sq.    in.,   was 

ordered  with  slenderness  ratio  of  —  =  85,  which,  as  will  be  remembered, 

r 

was  the  average  of  the  three  ratios  originally  provided.     An  abstract 

of  the  results  of  the  tests  on  these  three  columns  is  contained  in  Table  3, 

in  which  is  shown  for  comparison  the  results  of  the  tests  made  last 

year  on  light  and  heavy  section  columns.  Type  1. 

It  will  be  noted  that  the  extra  heavy  Bethlehem  columns  show 
a  marked  falling  off  in  ultimate  strengths  for  all  three  of  the  slender- 
ness ratios,  while  the  extra  heavy  plate  and  angle  columns,  for  which 
there  was  only  one  slenderness  ratio,  show  very  little  reduction  in 
strength  when  compared  with  the  heavy  sections  tested  last  year. 

3. — Table  4  shows  the  abstract  of  the  results  of  the  tests  of  the 

columns  with  slenderness  ratio        =  156.     The  records  of  these  tests 
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TABLE  I. 
ABSTRfiCT  OF  RECORD  OF  COLUMN   TESTS. 

TYPES  l&IA  AND   CARNEGIE  SECTIONS. 


Type 

Test 
no. 

Section. 

ftcfwi 
ftrea 

Itadius 
yrj/ior. 

Len^tti 

I 
r 

Onit     ftvera^ 
Oltimate  Ultimste 
Stre/iiihSfren^ffi 

Deftectionin  inches 
^tffiel'llddleofCatumnsatffie 
Reading  just  before  Failure 

1 

178 
179 
180 

Li^bf  Sections. 

\A 
1 

II 
II 

It.  93 

224 

3'-8'M 

20 

38400 

0.0261^.0.0261   Op. 

tl.8l 

II 

II 

II 

38200 

38200 

0.0040N.  O.OSSODown. 

tt.79 

II 

3'-8M 

II 

38000 

0.0068S 

0.004ZDom. 

4L^5'i3H:9.60 
IPI.6U'L/S75  „ 
TofaL  11.475° 

iFi 

175 
176 
177 

Heavy  Sections, 
ft    — 1|—  ft 

"n 

22.26 

2.36 

3'-tiyJl 

20 

43200 

0.0282N. 

0.003ZDown. 

22.33 

II 

II 

II 

43300 

43600 

0.0578N. 

0.1  0Z3  Down. 

22.33 

II 

II 

II 

44300 

0.0385  N. 

0.0462  On. 

4L^5hU"j8.4/' 

/P/.6xi"=3.75  ,^ 

Tofl/=2Z/9°" 

Ugtit  Sections, 
ft                   ft 

(3me^6yColxi3.8'/6 
=  7.00°" 

7.00 

1.45 

6'-0^/ 

50 

31500 

7.00 

II 

6^0/2" 

II 

30000 

3t000 

7.00 

II 

II 

II 

3t400 

7.00 

1.45 

t0.^3h" 

85 

30600 

7.00 

II 

tO'-JM 

II 

30000 

30400 

7.00 

II 

tO'~3H' 

II 

30500 

7.00 

1.45 

t4'-6" 

tzo 

Z6400 

7.00 

II 

I4^6M 

II 

29300 

27200 

7.00 

II 

l4'-6" 

II 

26000 

Light  Sections, 
ft                  ft 

fm(^e8'ftQ)/j(34.0-/b 
=10.00°" 

to.oo 

1.87 

7^3^Ji 

50 

32800 

10.00 

II 

7^93^ 

II 

33900 

33500 

to.oo 

II 

II 

II 

33800 

10.00 

1.87 

l3'-3" 

85 

3t800 

to.oo 

II 

ji 

II 

3t000 

3t700 

10.00 

II 

II 

II 

32300 

to.oo 

t.87 

t8'-8>i 

120 

30000 

to.oo 

II 

II 

II 

28900 

Z9Z00 

10.00 

II 

II 

II 

28700 

Areas  given  for  Carnegie  Sections  3re  nominal. 
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TABLE  2. 


ABSTRACT  OF  RECORD  OF  COLUMN  TESTS. 
TYPES  S.5A&5B. 

T^ipe. 

Test 
no. 

Section. 

f\dual^dm 
Area,  yrahoi, 

Length. 

1 
r 

Unit    Average      [kfledion  in  inches 
Utiimale  Ultimate  atthel^iddleofColumnsatlhe 
Stivn0h.Strenifii.  Readinijust  before  failure. 

UGHT  AND  HEAUr  SECTIONS. 

5 

107 
122 
123 

114 

lie 

119 

110 

III 
108 

Li^Sedions. 
A                F\ 

B€fh^'HCb/.x32-lb.  ^ 
=9.17°" 

3.62 

1.98 

8'-3" 

50 

38000 

0.0280  N. 

0.0115  Down. 

9.65 

II 

II 

II 

38000 

38000 

0.0836  N. 

0.0287Dom. 

9.65 

II 

II 

II 

38000 

0.0052  S. 

0.0209Dom. 

8.61 

II 

/4'-0^A 

85 

36000 

0.1510  S. 

0.0078  Dom. 

9  66 

II 

II 

II 

34000 

34300 

0.1148  S. 

0.0085    Up. 

9.59 

II 

II 

II 

33000 

0.1201  S. 

0.0376    Up. 

8.64 

II 

19-9^/8 

120 

33900 

0.1148  N. 

0.0084   Up. 

8.68 

II 

II 

II 

31000 

32000 

0.2140  N. 

0.0136  Down 

8.61 

II 

II 

II 

31000 

0.1806  S. 

O.OIIO     Up. 

5/^ 

106 
IZO 
121 

115 
117 
118 

109 
112 
113 

Heavy  S&J-ions. 

Beffi8"H&l.x62-lt>. 
=  1827'^ 

17.86 

2.09 

8'-8'/d' 

50 

34000 

0.1201  N. 

0.0084  Up 

17.81 

II 

II 

II 

36100 

35400 

0.0606  N. 

0.0016  Up. 

17.86 

II 

II 

II 

36000 

0.0284N. 

0.0033  Up 

18.05 

II 

l4'-9n 

85 

33900 

0.0521  N. 

0.0151  Dom. 

17.73 

II 

II 

II 

32000 

32300 

0.0929N. 

0.0054Dom. 

17.77 

II 

II 

II 

31000 

0.0470S. 

0.0277  Up. 

17.76 

II 

20'-IO% 

120 

30000 

0.1498  N. 

0.0037  Up 

17.97 

II 

II 

II 

30000 

30000 

0.2401  S. 

0.02l9Dom. 

17.73 

II 

II 

II 

30000 

0.1610  N. 

0.022IDown. 

EXTRA  HEAVY  SECTIONS. 

5B 

225 
226 
182 

22/\ 
228 
183 

Extra  Heavy  Sedions. 
/I                  t\ 

BelhS'HGobShlb. 

2749 

217 

Q'-oy^ 

50 

24000 

0.0825  S. 

0.0104  Down. 

27.18 

II 

II 

II 

24600 

25200 

0.1044  S. 

0.026IDom. 

27.50 

II 

II 

II 

27100 

0.0522N. 

0.0033  Up. 

27.28 

II 

I5'-4M 

85 

22600 

0.2297N. 

0.0438  Dom. 

27.27 

II 

II 

II 

23000 

23500 

0.0731  S. 

0.0078  Up 

27.45 

II 

II 

II 

24800 

0.0553  S. 

0.0016  Down. 

223 
224 
181 

=26.64°" 

27.50 

II 

ZI^8H 

120 

21000 

0.3341  S. 

0.0113    Op 

2754 

II 

II 

II 

21000 

21300 

0.2610  S. 

0.0459  Up 

2757 

II 

II 

II 

21800 

0.1903  S. 

0.0031  Up 
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TABLE  3. 


ABSTRACT  OF  RECORD  OF  COLUMN  TESTS. 

TYPES  I,  lf\  &IB. 


Type. 

Test 
no. 

Section. 

Actual 
Area 

fiadiui 

of. 
'ijrslioi 

Lenilh. 

I 
r 

Unit    Average       Deflection  in  incties 
Ultimate  Ulfimak  atltidliddte  of  Columns  at flie 
SlrengUi  Slren^fh.  f^eadinijusl  before  Failuir. 

LIGHT  AND  HEP\JY  SECTIONS. 

1 

8 
38 
77 

18 
M 
85 

30 
56 
69 

Ligfit  Sections. 

1 
— If~ 
II 

4LS5yil'L9.6(f' 

lf^.6U"J875  ^ 

Total  =11.475" 

11.13 

2.24 

9'-4" 

50 

32400 

0.0350S. 

0.0000 

11.17 

II 

II 

II 

32800 

32700 

0.0700S. 

01000   Up. 

11.13 

II 

II 

II 

33000 

0.0500N. 

0.0313  Up. 

11.49 

II 

i5'-mi^ 

85 

32100 

0.I200S. 

0.0500  Up. 

11.49 

II 

II 

II 

31400 

31200 

0.0252S. 

0.l28IDown. 

11.35 

II 

II 

II 

30000 

0.0626N. 

0.1368  Up. 

11.20 

II 

22'-4'M 

120 

28600 

0.0000 

O.OOOODom. 

1114 

II 

II 

II 

27600 

28300 

0.1175  6. 

0.1091    Up. 

11.30 

II 

II 

II 

28700 

0.0135  N. 

O.I785Down. 

lA 

93 
96 
97 

91 
94 
95 

92 
98 
99 

tieavy  Sections. 

,,— - 

4l}5l3".fj8.m 
IPI.6'4"=  3.75 
Total  I  22.19"" 

22.25 

2.36 

9'-IO" 

.50 

29000 

0.0080  S. 

0.0574Donn. 

22.13 

II 

II 

II 

28900 

29200 

0.0731  N. 

0.0457   Up. 

22.28 

II 

II 

II 

29700 

0.0653N. 

0.0002   Up 

22.134 

II 

l6'-8% 

85 

28000 

0.0475S. 

0.0883  Up 

21.92 

II 

II 

II 

28200 

28100 

0.4053N. 

0.2636    Up. 

22.05 

II 

II 

II 

28000 

0.0764N. 

0.0825Down. 

22.15 

II 

23'-7^', 

120 

25000 

0.1430  S. 

0.2923Dom. 

22.10 

II 

II 

II 

25500 

25400 

0.3863N. 

0.0762  Up. 

22.10 

II 

II 

II 

25800 

0.I326N. 

O.OeObDom. 

EXTRA  HEAVY  SECTIONS. 

IB 

229 

230 
231 

Extra  Hea\fl/ Sections 
f\    —III—   f\ 

.  ...iIl- 

4l35x^'>^t23.3^' 
tPI.6xf=  5.25 
Total  =  28.61°" 

28.43 

2.29 

I6'-25A 

85 

28200 

0.0668N. 

00167 Down 

28.37 

II 

II 

II 

27000 

27700 

0.0900  S. 

0.0475Dom. 

28.53 

II 

II 

II 

28000 

0.0691  N. 

0.0007  Up. 
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TABLE  4. 
ABSTRACT  or  RECORD  OF  COLUMN  TESTS. 

TYPES  I&IA-2&2A-4&4A. 


Slend 

emess  Ratio  ^ 

=/55. 

Type 

Test 
no. 

Section. 

Achat 
Area. 

fiadiui 

of 
'iyrafion 

Length. 

I 
r 

Unit 
Ultimate 
Sfrenith. 

Average 
Ullimate 
SIrenglti. 

Deflection  in  incfies 
atiliefliddle  dColumnsattfit 
f{eadin^  just  before  Failure. 

1 

Z07 
218 
222 

Light  Sections . 
\A 
II 

__iIl_ 

4l^5xM=9.60''" 
IPt.e'ii''  =1.875  „ 
Total '^    =11.473" 

11.84 

2.24 

Z8-lii" 

155 

27000 

0.4176  S. 

0.2506     Up. 

11.69 

II 

II 

II 

25600 

26200 

0.1629  S. 

0.6Z77Dom. 

11.68 

II 

II 

II 

26000 

0.1201  N. 

0.3289  Down. 

m 

205 
206 
208 

Heavy  Sections- 

A        III       A 
_lll_" 

4L^5x3xi"=f8.44"" 
IPl.Oxf  =  3.75 
Total  ^    =2^9"' 

2235 

2.36 

30'-5M" 

155 

22200 

0.1629  S. 

0.3967   Up 

22.35 

II 

II 

II 

23200 

22700 

0.099Z  S. 

0.4594  Down. 

22.31 

II 

II 

II 

22700 

0.2514  S. 

0.480ZDom. 

2 

215 
217 
221 

Ligtit  Sections. 

\A 

\^ 

2-6^^xt0.5-lb=6.l8°" 
2PI.^8U"  =4.00 
Total       =10.18"" 

1039 

2.31 

29'-IOli' 

155 

26100 

0.8352  N. 

01284  Op. 

10.^2 

II 

II 

II 

27800 

26500 

0.5116  N. 

0.0668  Down. 

10.46 

II 

II 

II 

25600 

0.9271  S. 

0.0418  Down. 

ZA 

2ta 

216 
219 

Heavy  Sections. 

\A 
2-6%xl5^t>=9.t2" 
2PI?8fW  =8.00 
Total        ^r7.IZ''" 

16.75 

2.33 

30^li" 

155 

24700 

0.4959  S. 

0.2589  Down. 

16.87 

II 

II 

II 

25000 

24900 

01958  N. 

06160    Up. 

16.81 

II 

II 

II 

Z5000 

0.0428  S. 

0.2714  Down. 

^ 

211 
212 
220 

L'g/jt  Sections. 

i 

2-8%xll.25^b=6.70'^' 
l-8"ht8J0(Hb.55d 
Total        =12.03"" 

11.81 

2.38 

so^i" 

155 

24000 

0.5324  N. 

0.0002  Dom. 

11.93 

If 

II 

II 

23200 

23600 

0.7465  N. 

0.0491  Down. 

11.84 

II 

II 

II 

23500 

0.5116  S. 

0.0040  Down. 

4f\ 

209 
210 
213 

Heavy  Sections 
^  \A 

4^ 

A 
2-8kxt8.-^lb=tl.0Z" 
I-3!M).50^&03 
Total        =  17.05°" 

16.74 

2.32 

29-11^" 

155 

24000 

0.1754  S. 

0.0569   Up. 

16.67 

II 

II 

II 

23000 

23300 

0.2453  S. 

0.0512    Up. 

16.33 

II 

II 

II 

23000 

01973  S. 

0.0063    Up. 
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have  only  just  come  to  hand,  and  your  Committee  publishes  them  with- 
out comment. 

These  three  lines  of  investigation,  made  by  the  Bureau  of  Standards, 
complete  the  tests  of  all  the  columns  ordered  on  the  original  and  sup- 
plementary programmes,  with  the  exception  of  three  columns.  Type  1, 
ordered  with  the  idea  of  beginning  a  preliminary  investigation  con- 
cerning eccentric  loads.  In  this  investigation,  however,  the  problems 
which  have  been  presented  by  the  tests  thus  far  made,  have  produced 
so  many  complications  that  your  Committee  has  not  had  opportunity 
to  do  more  than  to  ask  the  Bureau  of  Standards  to  study  the  question 
of  the  procedure  necessary  to  test  the  effect  of  eccentrically  loaded 
columns. 

The  tables  presented  herewith  and  those  heretofore  presented  include 
abstracts  of  the  results  of  all  these  tests,  with  the  exception  of  a  number 
of  supplementary  tests  made  by  the  Bureau  of  Standards,  in  an  endeavor 
better  to  interpret  the  results,  on  columns  cut  from  longer  columns 
previously  tested.  Your  Committee  has  not  deemed  it  necessary  to 
make  an  abstract  of  these  supplementary  tests,  for  the  reason  that 
they  are  short  columns,  of  which  the  ultimate  strength  is  hardly  a 
factor. 

Probably  the  most  marked  feature  of  the  column  investigation  of 
the  Bureau  of  Standards,  as  reported  last  year,  was  the  decrease  in 
unit  ultimate  strength  of  the  heavy  sections,  when  compared  with  the 
light  sections.  This  rule,  with  a  single  exception,  was  true  for  all 
of  the  different  types  of  columns,  and  this  exception  was  easily 
explained  from  the  fact  that  Type  6  was  not  a  satisfactory  form  of 
column.  The  Bureau  of  Standards  has  been  carrying  on  a  series  of 
experiments  with  the  material  from  which  these  columns  were  made, 
and  has  been  making  specimen  tests,  both  in  compression  and  tension, 
in  the  effort  to  determine  whether  a  difference  in  the  metal  itself 
would  account  for  the  difference  in  strength  of  the  columns,  or  if  it 
is  due  to  shape  or  other  characteristic  of  the  form.  These  specimen 
tests  have  been  made  with  great  care,  and  require  considerably  more 
time  than  the  ordinary  commercial  tension  tests.  The  compression 
tests  on  thin  webs  must  be  made  by  building  up  a  little  column,  com- 
posed of  several  thicknesses  clamped  together.  The  arrangement 
of  these  pieces,  the  truing  of  the  ends,  and  the  location  of  the  strain 
gauges  all  involve  scientific,  exacting  work,  and  require  time. 

The  results  of  some  of  these  tests  made  by  the  Bureau  are  given 
in  Figs.  2  and  3,  which  show  stress-strain  curves  for  six  specimen 
tensile  tests.  Three  of  these  curves.  Fig.  2,  are  from  specimens  cut 
from  the  webs  of  three  Bethlehem  columns,  of  different  thicknesses, 
while  the  other  three,  Fig.  3,  are  from  specimens  cut  from  the  5-in. 
outstanding  legs  of  the  angles  of  three  plate  and  angle  columns  of 
different  thicknesses. 
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35  000 


30  000 


25  000 


20  000 


15  000 


10  000 


5  000 


1  000 


0.05 


0  0.05  0  0.05 

Extension  in  80-inch  Gauged  Length 


Section. 

Specimen 

Column 

Area  of 

Thickness 

Yield 

Ultimate 

Elongation. 

Reduc- 

No. 

Test 

Column, 

of  Web, 

Point, 

Strength, 

tion. 

No. 

in  Square 
Inches. 

in 
Inches. 

in  Pounds 

per  Square 

Inch. 

in  Pounds 

per  Squan 

Inch 

Light 

19  BXC 

114 

9.17 

0.32 

38  000 

59  000 

30.15?  in  8  in. 

50.4  5« 

Heavy 

15  CXC 
2iBXC 

106 
183 

18.27 

0.55 

33  000 

57  500 
56  500 

27.8;^  in  8  in. 
39^  in  2  in. 

54.2^ 

Extra 
Heavy 

2C.64 

0.78 

26  000 

59 /c 

STRESS-STRAIN   CURVES 
TENSILE  SPECIMEN  TESTS 

8"bethlehem  columns 

Specimen  taken  Iroin  Web. 
Fig.  2. 
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1 

35000 

' 

30000 
25000 

f 

] 

20000 

5 
^■^1 

5/ 

15  000 

-^7 

^'^l 

^  7 

°x 

^^  1 
<o  / 
/  / 

c-l  1 

o'l 

1  1 

1 

10000 

STRESS-STRAIN  CURVES 

5000 

/ 

COMPRESSION  SPECIMEN  TESTS 
PLATE  At^D  ANGLE   COLUMNS 

/ 

/ 

Specimen  consisted  of  one  5x3  Anglo 

1000 

t 

1                  1                  1                  1 

0.05 


0.10  0  0.05  0.10 

Compression  in  80-inch  Gauged  Length 


Nominal 

Yield  Point, 

Specimen 

Column 

Area  of 

I 

in  Pounds 

Section. 

No. 

Test 

Angle, 

r 

per 

No. 

in  Square 
Inches. 

Square  Inch 

Lifht 

12 

85 

2.U 

12.7 

35  000 

Heavy 

1 

'J9 

4.61 

12.7 

29  500 
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Specimens  cut  from  the  flanges  of  the  Bethlehem  columns  or  from 
the  plate  of  the  plate  and  angle  columns  might  possibly  show  somewhat 
different  values,  and  your  Committee  realizes  that  it  cannot  draw 
conclusions  from  so  small  a  number  of  tests. 

Nevertheless,  it  appears  that  these  specimen  tests  indicate  the  differ- 
ence in  strength  between  thin  and  thick  material.  It  would  also  seem 
that  the  strength  of  the  full-size  columns  is  determined  by  the  yield 
point,  as  shown  by  the  specimen  tests,  rather  than  by  the  ultimate 
strength. 

Another  illustration  of  the  same  relation  is  shown  in  Fig.  4,  which 
gives  the  stress-strain  diagrams  for  specimen  compression  tests  on 
5  by  3-in.  angles,  used  in  plate  and  angle  columns  for  Type  1.  This 
same  difference  in  yield  point  in  the  specimen  test  prognosticates  the 
difference  in  the  ultimate  strength  of  the  full-size  columns. 

On  account  of  the  close  relation  which  appears  to  exist  between 
the  yield  points  of  the  metal  and  the  ultimate  strengths  of  columns, 
it  would  seem  that  one  of  the  first  questions  to  settle  is  what  shall  be 
taken  as  the  yield  point  of  the  metal. 

The  American  Society  for  Testing  Materials,  at  its  Annual  Meeting, 
June,  1916,  held  a  ''topical  discussion  on  the  relation  between  yield 
point  and  proportional  limit  in  various  grades  of  steel".  Discussions 
were  submitted  by  Mr.  Jas.  E.  Howard,  Mr.  T.  D.  Lynch,  Messrs. 
H.  F.  Moore  and  F.  B.  Seeley,  and  Dr.  G.  E.  Olshausen,  Engineer- 
Physicist  of  the  Bureau  of  Standards. 

Tour  Committee  has  given  careful  consideration  to  this  discussion, 
to  find  if  it  is  possible  to  determine  some  point  which,  for  practical 
purposes,  may  be  easily  located,  clearly  defined,  and  at  the  same  time 
represent  the  limit  where  the  metal  ceases  to  have  structural  value. 
Modifications  of  some  of  the  methods  suggested  have  been  discussed, 
and  your  Committee  hopes  that  the  data  now  being  accumulated 
may  assist  in  determining  a  practical  solution. 

Having  agreed  upon  a  method  of  determining  what  shall  be  con- 
sidered a  deformation  point  in  specimen  tests,  the  next  question  to 
be  decided  is  whether  the  same  method  may  be  applied  to  the  deter- 
mination of  the  yield  point  in  columns,  or,  if  not,  how  this  point 
shall  be  located.  This  opens  up  a  field  of  inquiry  which  is  compara- 
tively unexplored. 

In  the  Progress  Report  made  by  your  Committee  in  1910,  a  sum- 
mary diagram*  gave  the  results  of  all  the  major  tests  which  had  been 
published  to  that  date.  This  summary  was  based  on  the  ultimate 
strengths  of  the  columns,  for  it  will  be  recalled  that  earlier  experi- 
menters gave  little  attention  to  the  question  of  yield  point  or  elastic 
limit.     It  will  be  seen  from  this  report,  that  the  curves  of  ultimate 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVI,  p.  426. 
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failure  indicate  very  high  values  for  ehort  columns  with  slenderness 

I 
ratio  below       =  30.     Now,  the  abstract  of  tests  on  columns  of  Type  1, 

I 
slenderness  ratio       =  20,  Table  1,  shows  correspondingly  high  ultimate 
r 

values,  but  when  we  consider  the  stress-strain  curves,  Fig.  1,  it  will 

be  seen  that  the  rate  of  compression  of  the  column  after  the  load  has 

passed  the  yield  point  is   such  that  the  column   has   ceased  to  have 

structural  value  above  this  point. 

A  study  of  many  stress-strain  curves  of  the  fvill-size  column  tests 
shows  that  comparatively  low  stresses  produce  initial  sets,  and  these 
observations  raise  the  same  questions  regarding  proportional  limit, 
elastic  limit,  and  yield  point  which  have  been  brought  out  by  the 
specimen  tests.  Most  of  the  tests  in  the  Committee's' programme  have 
been  made  by  successive  run-ups  of  5  000,  10  000,  15  000,  20  000  lb.,  and 
so  on,  up  to  the  failure  point.  Wlien  the  initial  sets  have  been  removed 
by  such  successive  sequence  of  loadings,  the  curves,  for  the  loads 
applied  thereafter,  show  that  the  columns  at  stresses  below  the  yield 
point  act  in  true  proportionality. 

If  this  is  the  case,  how  shall  we  determine  the  elastic  limit,  or  yield 
point?  It  would  seem  necessary  to  select  some  arbitrary  deformation 
point,  which  could  be  used  as  a  criterion  of  the  strength  of  the  column, 
and  above  which  the  column  might  be  considered  to  have  no  further 
structural  value. 

It  will  be  seen  from  the  above  that  even  wnth  the  records  of  the 
tests  at  hand,  there  are  many  things  yet  to  be  determined  before  your 
Committee  can  write  a  column  formula.  The  questions  of  deformation 
point  and  ultimate  strength  above  mentioned  are  important  factors. 
Another  question,  even  after  determining  the  point  above  which  the 
columns  shall  be  considered  to  have  no  further  structural  value,  is 
that  of  safe  working  values,  and  numerous  factors  must  be  considered 
in  this  connection.  It  will  be  recalled  that  the  shapes  for  the  column 
tests  were  chosen  "with  the  intention,  as  far  as  practicable,  of  elimi- 
nating all  variables  except  that  of  form".  The  influence  of  lattice 
bars,  tie-plates  and  end  connections  has  not  entered  into  this  pro- 
gramme, so  that  a  third  problem  for  your  Committee  is  the  study  of 
effect  of  details. 

Your  Committee  hopes  to  formulate  its  recommendations  for  design- 
ing columns  during  the  coming  year,  and  does  not  consider  that  its 
duty  requires  it  to  continue  the  investigations  until  the  subject  is 
exhausted,  as  that  would  necessitate  an  unlimited  time. 

Your  Committee  desires  again  to  express  its  appreciation  of  the 
cordial  co-operation  and  assistance  which  it  has  received  from  S.  W. 
Stratton,  Director,  and  G.  R.  Olshausen,  Engineer-Physicist,  of  the 
Bureau  of  Standards. 
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In  view  of  the  foregoing  statements,  your  Committee  presents  this 
report  of  progress. 
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CHAPTER    I. 

Introduction. 

The  Joint  Committee  on  Concrete  and  Reinforced  Concrete  was 
formed  by  the  union  of  Special  Committees  appointed  in  1903  and 
1904  by  the  American  Society  of  Civil  Engineers,  the  American  Society 
for  Testing  Materials,  the  American  Railway  Engineering  and  Mainte- 
nance of  Way  Association  (now  the  American  Railway  Engineering 
Association),  and  the  Association  of  American  Portland  Cement  Manu- 
facturers (now  the  Portland  Cement  Association).  In  1915  there  was 
added  a  Special  Committee  appointed  by  the  American  Concrete 
Institute  at  the  invitation  of  the  Joint  Committee. 

The  present  organization  and  membership  of  the  Joint  Committee 
is  as  follows : 

Officers. 

Chairman — Joseph  R.  Worcester. 
Vice-Chairman — Emil  Swensson. 
Secretary — Richard  L.  Humphrey. 

Members. 

American  Society  of  Civil  Engineers. 

John  E.  Greiner,  Consulting  Engineer,  Baltimore,  Md. 

William  K.  Hatt,  Professor  of  Civil  Engineering,  Purdue  University, 

Lafayette,  Ind. 
Olaf  Hoff,  Consulting  Engineer,  149  Broadway,  New  York,  N.  Y. 
Richard  L.  Humphrey,  Consulting  Engineer,  805  Harrison  Building, 

Philadelphia,  Pa.  • 

Robert  W.  Lesley,  Past-President,  Association  of  American  Portland 

Cement  Manufacturers,  Pennsylvania  Building,  Philadelphia,  Pa. 
Emil  Swensson,  Consulting  Engineer,  925  Frick  Building,  Pittsburgh, 

Pa. 
Arthur  N.  Talbot,  Professor  of  Municipal  and  Sanitary  Engineering, 

University  of  Illinois,  Urbana,  111. 
Joseph  R.  Worcester,  Consulting  Engineer,  79  Milk  Street,  Boston, 

Mass. 

American  Society  for  Testing  Materials. 

William  B.  Fuller,  Consulting  Engineer,  150  Nassau  Street,  New 
York,  N.  Y. 

Edward  E.  Hughes,  General  Manager,  Franklin  Steel  Works,  Frank- 
lin, Pa. 

Richard  L.  Humphrey,  Consulting  Engineer,  805  Harrison  Building, 
Philadelphia,  Pa. 
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Albkrt  L.  Johnson,  First  Vice-President  and  General  Manager,  Cor- 
rugated Bar  Company,  Mutual  Life  Building,  Buffalo,  N.  Y. 

Robert  W.  Lesley,  Past-President,  Association  of  American  Portland 
Cement  Manufacturers,  Pennsylvania  Buildiui?,  Philadelphia,  Pa. 

Gaktano  Lanza,  The  Montevista,  Sixty-tliird  and  Oxford  Streets, 
Overhrook,  Philadelphia,  Pa. 

Leon  S.  Moisseiff,  Consulting  Engineer,  09  Wall  Street,  ISTew  York, 
N.  Y. 

Henry  H.  Quimby,  Chief  Engineer,  Department  of  City  Transit, 
Bourse  Building,  Philadelphia,  Pa. 

Sanford  E.  Thompson,  Consulting  Engineer,  136  Federal  Street, 
Boston,  Mass. 

Frederick  E.  Turneaure,  Dean  of  College  of  Mechanics  and  Engineer- 
ing, University  of  Wisconsin,  Madison,  Wis. 

Samuel  Tobias  Wagner,  Chief  Engineer,  Philadelphia  and  Reading 
Railway  Company,  Reading  Terminal,  Philadelphia,  Pa. 

George  S.  Webster,  Director,  Wharves,  Docks,  and  Ferries,  Bourse 
Building,  Philadelphia,  Pa. 

American  Railway  Eniuneering  Association. 

H.  A.  Cassil,  Division  Engineer,  Baltimore  and  Ohio  Railway  Com- 
pany, New  Castle,  Pa. 

Frederick  E.  Schall,  Bridge  Engineer,  Lehigh  Valley  Railway  Com- 
pany, South  Bethlehem,  Pa. 

Frederick  P.  Sisson,  Assistant  Engineer,  Grand  Trunk  Railway, 
Detroit,  Mich. 

Joseph  J.  Yates,  Bridge  Engineer,  Central  Railroad  of  New  Jersey, 
143  Liberty  Street,  New  York,  N.  Y. 

Portland  Cement  Association. 

Norman  D.  Eraser,  President,  Chicago  Portland  Cement  Company, 
30  North  La  Salle  Street,  Chicago,  111. 

Robert  E,  Griffith,  Vice-President,  Giant  Portland  Cement  Com- 
pany, Pennsylvania  Building,  Philadelphia,  Pa. 

Spencer  B.  Newberry,  President,  Sandusky  Portland  Cement  Com- 
pany, Engineers'  Building,  Cleveland,  Ohio. 

American  Concrete  Institute. 

Edward  Godfrey,  Structural  Engineer,  Robert  W.  Hunt  &  Co.,  Monon- 

gahela  Building,  Pittsburgh,  Pa. 
Egbert   J.   Moore,   Chief   Engineer,   Turner   Construction   Company, 

11  Broadway,  New  York,  N.  Y. 
Leonard  C.  Wason,   President,   Aberthaw  Construction   Company,  27 

School  Street,  Boston.  Mass. 


1664:  CONCRETE   AND   EEINFORCED   CONCRETE  [Papers. 

Progress  reports  by  the  Joint  Comniittee  were  presented  to  the 
parent  societies  in  1909  and  1912.  The  report  presented  in  1912  has 
been  printed  by  the  American  Society  of  Civil  Engineers,  the  Ameri- 
can Society  for  Testing  Materials,  and  the  American  Railway  Engi- 
neering Association,  and  reference  to  that  report  may  be  made  for 
details  regarding  the  earlier  work  of  the  Joint  Committee,  a  historical 
sketch  of  the  introduction  of  concrete  and  reinforced  concrete,  and  a 
bibliography  of  authorities  upon  which  the  report  was  based. 

The  Committee  has  been  much  gratified  at  the  reception  accorded 
its  1912  report,  and  realizes  the  responsibility  which  rests  upon  it 
because  of  the  very  extensive  adoption  of  its'  recommendations  in  cur- 
rent practice  in  this  country.  The  members  of  the  Committee  are  well 
aware  of  the  incompleteness  of  that  report,  and  even  now  they  are 
unable  to  pass  judgment  upon  some  matters  not  dealt  with  in  the 
present  report. 

Since  1912  the  Committee  has  continued  its  study  of  the  subject, 
has  followed  the  working  out  of  its  recommendations  in  actual  con- 
struction, has  weighed  arguments  and  criticisms  which  have  come  to 
its  attention,  and  has  considered  new  experimental  data.  While  the 
Committee  sees  no  reason  for  making  any  fundamental  changes,  the 
recommendations  of  its  previous  report  have  been  revised  to  some 
extent,  and  considerable  new  material  has  been  added  upon  subjects 
not  previously  touched.  There  are  some  subjects  upon  which  experi- 
mentation is  still  in  progress,  and  the  art  of  concrete  and  reinforced 
concrete  will  be  advancing  for  many  years  to  come. 

While  this  report  deals  with  every  kind  of  stress  to  which  concrete 
is  subjected,  and  includes  all  ordinary  conditions  of  proportioning  and 
handling,  it  does  not  go  into  all  types  of  construction  nor  all  the 
applications  to  which  concrete  and  reinforced  concrete  may  be  put. 
The  report  is  not  a  specification,  but  may  be  used  as  a  basis  for  speci- 
fications. In  their  use,  concrete  and  reinforced  concrete  involve  the 
exercise  of  good  judgment  to  a  greater  degree  than  do  any  other  build- 
ing materials.  Rules  cannot  produce  or  supersede  judgment;  on  the 
contrary,  judgment  should  control  the  interpretation  and  application 
of  rules. 

.  The  Committee  has  not  attempted  in  every  case  to  present  rigidly 
scientific  methods  of  analysis  in  dealing  with  stresses,  but  has  aimed 
to  furnish  rules  which  will  lead  to  safe  results  sufiiciently  close  for 
ordinary  design. 

The  Committee  presumes  that  the  application  of  the  recommenda- 
tions in  this  report  to  the  design  of  any  structure  will  be  made  only  by 
persons  having  an  adequate  knowledge  of  the  principles  of  structural 
design.  Only  persons  with  such  knowledge  and  experience  should  be 
called  upon  to  design  reinforced  concrete  structures. 
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The  Joint  Committee  has  reached  the  conclusion  that,  with  this 
effort  to  express  the  present  state  of  the  art,  it  would  be  desirable  for 
it  to  withdraw  from  the  field.  This  action  has  been  taken  in  the  hope 
that  a  work  similar  to  that  which  the  Committee  has  attempted  to 
perform  will  again  be  undertaken,  within  a  reasonable  term  of  years,  in 
order  that  there  may  be  some  authoritative  body  to  consider  and  pass 
upon  newly  acquired  knowledge  and  information  gleaned  from  experi- 
ence. The  Committee  feels  certain,  however,  that  it  would  be  for  the 
better  interest  of  the  profession  to  entrust  this  work  to  other  hands 
rather   than    to    continue    the   present   organization   with    this    object 


CHAPTER    II. 
Adaptability  of  Concrete  and  Reinforced  Concrete. 

The  adaptability  of  concrete  and  reinforced  concrete  for  engi- 
neering structures  or  parts  thereof,  is  so  well  established  that  they 
are  recognized  materials  of  construction.  When  properly  used,  they 
have  proved  satisfactory  for  those  purposes  for  which  their  qualities 
make  them  particularly  suitable. 

1.   USES. 

Plain  concrete  is  well  adapted  for  structures  in  which  the  principal 
stresses  are  compressive,  such  as :  foundations,-  dams,  retaining  and 
other  walls,  tunnels,  piers,  abutments,  and,  in  many  cases,  arches. 

By  the  use  of  metal  reinforcement  to  resist  the  principal  tensile 
stresses,  concrete  becomes  available  for  general  use  in  various  struc- 
tures and  structural  forms.  This  combination  of  concrete  and  metal 
is  particularly  advantageous  in  structural  members  subject  to  both 
compression  and  tension,  and  in  columns  where,  although  the  main 
stresses  are  compressive,  there  is  also  cross-bending. 

Metal  reinforcement  may  also  be  used  to  advantage  to  distribute 
and  minimize  cracks  due  to  shrinkage  and  temperature  changes. 

2.  precautions. 

Failures  of  reinforced  concrete  structures  have  been  due  usually 
to  some  one  or  more  of  the  following  causes : 

Defective  design,  poor  material,  faulty  execution,  or  premature 
removal  of  forms. 

To  prevent  failures  or  otherwise  unsatisfactory  results,  the  follow- 
ing precautions  should  be  taken : 

The  computations  and  assumptions  on  which  the  design  is  based 
should  be  in  accordance  with  the  established  principles  of  mechanics. 
The   unit   stresses   and   details  of  the.  design   should   conform   to   ac- 
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cepted  good  practice.  Materials  used  for  the  concrete  as  well 
as  for  the  reinforcement  should  be  carefully  inspected  and  tested, 
special  attention  being  given  to  the  testing  of  the  sand,  as  poor  sand 
has  proved  a  frequent  cause  of  failure.  The  measuring  and  combining 
of  the  materials  which  go  to  make  up  the  concrete,  and  the  placing 
of  the  concrete  in  the  forms,  should  be  under  the  supervision  of 
experienced  men.  The  metal  for  reinforcement  should  be  of  a  quality 
conforming  to  standard  specifications.  Care  should  be  taken  to  obtain 
good  bond  between  different  fills  of  concrete,  to  prevent  concrete  from 
freezing  before  the  cement  has  set,  to  have  the  materials  thoroughly 
mixed,  to  avoid  too  wet  or  too  dry  a  consistency,  and  to  have  the  forms 
cleaned  before  concrete  is  placed. 

The  computations  should  include  all  details ;  even  minor  details 
may  be  of  the  utmost  importance.  The  design  should  show  clearly  the 
size  and  position  of  the  reinforcement,  and  should  provide  for  proper 
connection  between  the  component  parts  so  that  they  cannot  be  dis- 
placed. As  the  connections  between  reinforced  concrete  members  are 
frequently  a  source  of  weakness,  the  design  should  include  a  detailed 
study  of  such  connections. 

The  concrete  should  be  rigidly  supported  until  it  has  developed  suf- 
ficient strength  to  carry  imposed  loads.  The  most  careful  and  experi- 
enced inspection  is  necessary  to  determine  when  the  concrete  has  set 
sufficiently  for  it  to  be  safe  to  remove  forms.  Frozen  concrete  fre- 
quently has  been  mistaken  for  properly  set  concrete. 

3.    DESIGN    AND    SUPERVISION. 

The  execution  of  the  work  should  not  be  separated  from  the  design, 
as  intelligent  supervision  and  successful  execution  can  be  expected 
only  when  both  functions  are  combined.  It  is  desirable,  therefore, 
that  the  engineer  who  prepares  the  design  and  specifications  should 
have  supervision  of  the  execution  of  the  work. 

The  Committee  recommends  the  following  practice  for  the  purpose 
of  fixing  the  responsibility  and  providing  for  adequate  supervision 
during  construction. 

(a)  Before  work  is  commenced,  complete  plans  and  specifications 
should  be  prepared,  giving  the  dead  and  live  loads,  wind  and  impact, 
if  any,  and  working  stresses,  showing  the  general  arrangement  and  all 
details.  The  plans  should  show  the  size,  length,  location  of  points  of 
bending,  and  exact  position  of  all  reinforcement,  including  stirrups, 
ties,  hooping,  and  splicing. 

(fe)  The  specifications  should  state  the  qualities  of  the  materials 
and  the  proportions  in  which  they  are  to  be  used. 

(c)  The  strength  which  the  concrete  is  expected  to  attain  after 
a  definite  period  should  be  stated  in  the  specifications. 
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(d)  Inspection  during  construction  should  he  made  hy  competent 
inspectors  selected  hy  and  under  the  supervision  of  the  engineer,  and 
should  cover  the  f ollovidng : 

1.  Materials. 

2.  Construction  and  erection  of  the  forms  and  supports. 

3.  Sizes,  shapes,  arrangement,  position,  and  fastening  of  the  rein- 
forcement. 

4.  Proportioning,  mixing,  consistency,  and  placing  of  the  concrete. 

5.  Strength  of  the  concrete  by  tests  of  standard  test  pieces  mdde 
on  the  work. 

C.  Whether  the  concrete  is  sufficiently  hardened  before  the  forms 
and  supports  are  removed. 

7.  Protection  from  injury  of  all  parts  of  the  structure. 

8.  Comparison  of  dimensions  of  all  parts  of  the  finished  structure 
with  the  plans. 

(e)  Load  tests  on  portions  of  the  finished  structure  should  be  made 
where  there  is  reasonable  suspicion  that  the  work  has  not  been  properly 
performed,  or  that,  through  influences  of  some  kind,  the  strength  has 
been  impaired,  or  where  there  is  any  doubt  as  to  the  sufficiency  of  the 
design.  The  loading  should  be  carried  to  such  a  point  that  the  calcu- 
lated stresses  under  such  loading  shall  be  one  and  three-quarters  times 
the  allowed  working  stresses,  and  such  loads  should  cause  no  injurious 
permanent  deformations.  Load  tests  should  not  be  made  before  the 
concrete  has  been  in  place  60  days. 

4.    DESTRUCTIVE   AGENCIES. 

(a)  Corrosion  of  Metal  Reinforcement. — Tests  and  experience  indi- 
cate that  steel  sufficiently  embedded  in  good  concrete  is  well  protected 
against  corrosion,  no  matter  whether  located  above  or  below  water 
level.  It  is  recommended  that  such  protection  be  not  less  than  1  in. 
in  thickness.  If  the  concrete  is  porous  so  as  to  be  readily  permeable 
by  water,  as  when  the  concrete  is  laid  with  a  v^ery  dry  consistency,  the 
metal  may  corrode  on  account  of  the  presence  of  moisture  and  air. 

(&)  Electrolysis. — The  experimental  data  available  on  this  subject 
seem  to  show  that  while  reinforced  concrete  structures  may,  under 
certain  conditions,  be  injured  by  the  flow  of  electric  current  in  either 
direction  between  the  reinforcing  material  and  the  concrete,  such 
injury  is  generally  to  be  expected  only  where  voltages  are  considerably 
higher  than  those  which  usually  occur  in  concrete  structures  in  prac- 
tice. If  the  iron  be  positive,  trouble  may  manifest  itself  by  corrosion 
of  the  iron  accompanied  by  cracking  of  the  concrete,  and,  if  the  iron 
be  negative,  there  may  be  a  softening  of  the  concrete  near  the  surface 
of  the  iron,  resulting  in  a  destruction  of  the  bond.  The  former,  or 
anode  effect,  decreases  much  more  rapidly  than  the  voltage,  and  almost 
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if  not  quite  disappears  at  voltages  that  are  most  likely  to  be  encoun- 
tered in  practice.  The  cathode  effect,  on  the  other  hand,  takes  place 
even  for  very  low  voltages,  and  is  therefore  more  important  from  a 
practical  standpoint  than  that  of  the  anode. 

Structures  containing  salt  or  calcium  chloride,  even  in  very  small 
quantities,  are  very  much  more  susceptible  to  the  effects  of  electric 
currents  than  normal  concrete,  the  anode  effect  progressing  much  more 
rapidly  in  the  presence  of  chlorine,  and  the  cathode  effect  being  greatly 
increased  by  the  presence  of  an  alkali  metal. 

There  is  great  weight  of  evidence  to  show  that  normal  reinforced 
concrete  structures  free  from  salt  are  in  very  little  danger  under  most 
practical  conditions,  while  non-reinforced  concrete  structures  are  prac- 
tically immune  from  electrolysis  troubles. 

(c)  Sea  Water. — The  data  available  concerning  the  effect  of  sea 
water  on  concrete  or  reinforced  concrete  are  limited  and  inconclusive. 
Sea  walls  out  of  the  range  of  frost  action  have  been  standing  for 
many  years  without  apparent  injury.  In  many  places  serious  disinte- 
gration has  taken  place.  This  has  occurred  chiefly  between  low  and 
high  tide  levels,  and  is  due,  evidently,  in  part  to  frost.  Chemical  action 
also  appears  to  be  indicated  by  the  softening  of  the  mortar.  To  effect 
the  best  resistance  to  sea  water,  the  concrete  must  be  proportioned, 
mixed,  and  placed  so  as  to  prevent  the  penetration  of  sea  water  into 
the  mass  or  through  the  joints.  The  aggregates  should  be  carefully 
selected,  graded,  and  proportioned  with  the  cement  so  as  to  secure  the 
maximum  possible  density;  the  concrete  should  be  thoroughly  mixed; 
the  joints  between  old  and  new  work  should  be  made  water-tight; 
and  the  concrete  should  be  kept  from  exposure  to  sea  water  until  it 
is  thoroughly  hard  and  impervious. 

{d)  Acids. — Dense  concrete  thoroughly  hardened  is  affected  appre- 
ciably only  by  acids  which  seriously  injure  other  materials.  Sub- 
stances like  manure,  that  contain  acids,  may  injuriously  affect  green 
concrete,  but  do  not  affect  concrete  that  is  thoroughly  hardened. 

(e)  Oils. — Concrete  is  unaffected  by  such  mineral  oils  as  petroleum 
and  ordinary  engine  oils.  Oils  which  contain  fatty  acids  produce 
injurious  effects,  forming  compounds  with  the  lime  which  may  result 
in  a  disintegration  of  the  concrete  in  contact  with  them. 

(/)  AlJmlies. — The  action  of  alkalies  on  concrete  is  problematical. 
In  the  reclamation  of  arid  land,  where  the  soil  is  heavily  charged  with 
alkaline  salts,  it  has  been  found  that  concrete,  stone,  brick,  iron,  and 
other  materials  are  injured  under  certain  conditions.  It  would  seem 
that  at  the  level  of  the  ground-water  in  an  extremely  dry  atmosphere 
such  structures  are  disintegrated,  through  the  rapid  crystallization 
of  the  alkaline  salts,  resulting  from  the  alternate  wetting  and  drying 
of  the  surface.  Such  destructive  action  can  be  prevented  by  the  use  of 
a  protective  coating,  and  is  minimized  by  securing  a  dense  concrete. 
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CHAPTER   III. 

Materials. 

The  quality  of  all  the  materials  is  of  paramount  importance.  The 
cement  and  also  the  aggregates  should  be  subjeft  to  definite  require- 
ments and  tests. 

1.    CEMENT. 

There  are  available  for  construction  purposes  Portland,  Natural, 
and  Puzzolan  or  Slag  cements. 

(a)  Portland  Cement  is  the  product  obtained  by  finely  pulverizing 
clinker  produced  by  calcining  to  incipient  fusion,  an  intimate  and 
properly  proportioned  mixture  of  argillaceous  and  calcareous  materials, 
with  no  additions  subsequent  to  calcination  excepting  water  and 
calcined  or  uncalcined  gypsum. 

It  has  a  definite  chemical  composition  varying  within  compara- 
tively narrow  limits. 

Portland  cement  only  should  be  used  in  reinforced  concrete  con- 
struction or  in  any  construction  that  will  be  subject  to  shocks,  vibra- 
tions, or  stresses  other  than  direct  compression. 

(&)  Natural  Cement  is  the  finely  pulverized  product  resulting  from 
the  calcination  of  an  argillaceous  limestone  at  a  temperature  only 
sufficient  to  drive  off  the  carbonic  acid  gas. 

Although  the  limestone  must  have  a  certain  composition,  this 
composition  may  vary  within  much  wider  limits  than  in  the  case  of 
Portland  cement.  I^atural  cement  does  not  develop  its  strength  as 
quickly  nor  is  it  as  uniform  in  composition  as  Portland  cement. 

Natural  cement  may  be  used  in  massive  masonry  where  weight 
rather  than  strength  is  the  essential  feature. 

Where  economy  is  the  governing  factor,  a  comparison  may  be  made 
between  the  use  of  natural  cement  and  a  leaner  mixture  of  Portland 
cement  that  will  develop  the  same  strength. 

(c)  Puzzolan  or  Slag  Cement  is  the  product  resulting  from  finely 
pulverizing  a  mechanical  mixture  of  granulated  basic  blast-furnace 
slag  and  hydrated  lime. 

Puzzolan  cement  is  not  nearly  as  strong,  uniform,  or  reliable  as 
Portland  or  natural  cement,  is  not  used  extensively,  and  never  in 
important  work;  it  should  be  used  only  for  unimportant  foundation 
work  underground  where  it  is  not  exposed  to  air  or  running  water. 

(d)  Specifications. — The  cement  should  meet  the  requirements  of 
the  specifications  and  methods  of  tests  for  Portland  cement,  which  are 
the  result  of  the  joint  labors  of  Special  Committees  of  the  American 
Society  of  Civil  Engineers,  American  Society  for  Testing  Materials, 
American  Railway  Engineering  Association,  and  other  affiliated  organ- 
izations, and  the  United  States  Government. 
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2.    ACiGREGATES. 

Extreme  care  should  be  exercised  in  selecting  the  aggregates  for 
mortar  and  concrete,  and  careful  tests  made  of  the  materials  for 
the  purpose  of  determining  the  quality  and  grading  necessary  to  secure 
maximum  density^  or  a  minimi;m  percentage  of  voids.  Bank  gravel 
should  be  separated  by  screening  into  fine  and  coarse  aggregates  and 
then  used  in  the  proportions  to  be  determined  by  density  tests. 

(a)  Fine  Aggregate  should  consist  of  sand,  or  the  screenings  of 
gravel  or  crushed  stone,  graded  from  fine  to  coarse,  and  passing  when 
dry  a  screen  having  i-in.  diameter  holes ;-  it  preferably  shovild  be  of 
siliceous  material,  and  not  more  than  30%  by  weight,  should  pass  a 
sieve  having  50  meshes  per  lin.  in.;  it  should  be  clean,  and  free  from 
soft  particles,  lumps  of  clay,  vegetable  loam  or  other  organic  matter. 

Fine  aggregate  should  always  be  tested  for  strength.  It  should 
be  of  such  quality  that  mortar  composed  of  one  part  Portland  cement 
and  three  parts  fine  aggregate  by  weight  when  made  into  briquettes, 
prisms  or  cylinders  will  show  a  tensile  or  compressive  strength,  at  an 
age  of  not  less  than  7  days,  at  least  equal  to  the  strength  of  1 :  3  mortar 
of  the  same  consistency  made  with  the  same  cement  and  standard 
Ottawa  sand.^  If  the  aggregate  be  of  poorer  quality,  the  proportion  of 
cement  should  be  increased  to  secure  the  desired  strength.  If  the 
strength  developed  by  the  aggregate  in  the  1 :  3  mortar  is  less  than 
Y0%  of  the  strength  of  the  Ottawa-sand  mortar,  the  material  should 
be  rejected.  In  testing  aggregates  care  should  be  exercised  to  avoid 
the  removal  of  any  coating  on  the  grains,  which  may  affect  the 
strength;  bank  sands  should  not  be  dried  before  being  made  into 
mortar,  but  should  contain  natural  moisture.  The  percentage  of 
moisture  may  be  determined  upon  a  separate  sample  for  correcting 
weight.  From  10  to  40%  more  water  may  be  required  in  mixing  bank 
or  artificial  sands  than  for  standard  Ottawa  sand  to  produce  the  same 
consistency. 

(h)  Coarse  Aggregate  should  consist  of  gravel  or  crushed  stone 
which  is  retained  on  a  screen  having  ^-in.  diameter  holes,  and  should 
be  graded  from  the  smallest  to  the  largest  particles ;  it  should  be  clean, 
hard,  durable,  and  free  from  all  deleterious  matter.  Aggregates  con- 
taining dust  and  soft,  flat,  or  elongated  particles,  should  be  excluded. 
The  Committee  -does  not  feel  warranted  in  recommending  the  use  of 
blast-furnace  slag  as  an  aggregate,  in  the  absence  of  adequate  data 
as  to  its  value,   especially   in   reinforced   concrete   construction.     No 


1  A  convenient  coefficient  of  density  is  the  ratio  of  the  sum  of  the  volumes  of  solid 
particles  contained  in  a  unit  volume  to  the  total  unit  volume. 

2  If  the  dividing  size  between  the  fine  and  coarse  aggregate  is  less  or  greater 
than  1/4  in.,  allowance  should  be  made  in  grading  and  proportioning. 

3  A  natural  sand  obtained  at  Ottawa,  Illinois,  passing  a  screen  having  20  meshes 
and  retained  on  a  screen  having  30  meshes  per  linear  inch  ;  prepared  and  furnished  by 
the  Ottawa  Silica  Company,  for  2  cents  per  pound  f.  o.  b.  cars,  Ottawa,  Illinois. 


Papers.]  CONCRETE   AND   REINFORCED   CONCRETE  1671 

satisfactory  specifications  or  methods  of  inspection  have  been  developed 
that  will  control  its  uniformity  and  ensure  the  durability  of  the 
concrete  in  which  it  is  used. 

The  aggregate  must  be  small  enough  to  produce  with  the  mortar 
a  homogeneous  concrete  of  sluggish  consistency  which  will  pass  readily 
between  and  easily  surround  the  reinforcement  and  fill  all  parts 
of  the  forms.  The  maximmn  size  of  particles  is  variously  determined 
for  different  types  of  construction  from  that  which  will  pass  a  ^-in. 
ring  to  that  which  will  pass  a  l^-in.  ring. 

For  concrete  in  large  masses  the  size  of  the  coarse  aggregate  may 
be  increased,  as  a  large  aggregate  produces  a  stronger  concrete  than 
a  fine  one;  however,  it  should  be  noted  that  the  danger  of  separation 
from  the  mortar  becomes  greater  as  the  size  of  the  coarse  aggregate 
increases. 

Cinder  concrete  should  not  be  used  for  reinforced  concrete  struc- 
tures, except  in  floor-slabs  not  exceeding  8-ft.  span.  It  also  may  be 
used  for  fire  protection  purposes  where  not  required  to  carry  loads. 
The  cinders  used  should  be  composed  of  hard,  clean,  vitreous  clinker, 
free  from  sulphides,  unburned  coal,  or  ashes. 

3.    WATER. 

The  water  used  in  mixing  concrete  should  be  free  from  oil,  acid, 
alkali,  or  organic  matter. 

4.    METAL  REINFORCEMENT. 

The  Committee  recommends  as  a  suitable  material  for  reinforce- 
ment, steel  of  structural  grade  filling  the  requirements  of  the  Speci- 
fications for  Billet  Steel  Concrete  Reinforcement  Bars  of  the  American 
Society  for  Testing  Materials. 

For  reinforcing  slabs,  small  beams,  or  minor  details,  or  for  rein- 
forcing for  shrinkage  and  temperature  stresses,  steel  wire,  expanded 
metal,  or  other  reticulated  steel  may  be  used,  with  the  unit  stresses 
hereinafter  recommended. 

The  reinforcement  should  be  free  from  flaking,  rust,  scale,  or  coat- 
ings of  any  character  which  would  tend  to  reduce  or  destroy  the  bond. 

CHAPTER  r\^. 

Mixing   and   Placing. 

1.  proportions. 

The  materials  should  be  carefully  selected,  of  uniform  quality,  and 
proportioned  with  a  view  to  securing  as  nearly  as  possible  a  maximum 
density,  which  is  obtained  by  grading  the  aggregates  so  that  the 
smaller  particles  fill  the  spaces  between  the  larger,  thus  reducing  the 
voids  in  the  aggregate  to  the  minimum. 
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(a)  Unit  of  Measure. — The  measurement  of  the  fine  and  coarse 
aggregates  should  be  by  loose  volume.  The  unit  of  measure  should 
be  a  bag  of  cement,  containing  94  lb.  net,  which  should  be  considered 
the  equivalent  of  1  cu.  ft. 

(h)  Relation  of  Fine  and  Coarse  Aggregates. — The  fine  and  coarse 
aggregates  should  be  used  in  such  proportions  as  will  secure  maxi- 
mum density.  These  proportions  should  be  carefully  determined  by 
density  experiments,  and  the  grading  of  the  fine  and  coarse  aggre- 
gates should  be  imiformly  maintained,  or  the  proportions  changed, 
to  meet  the  varying  sizes. 

(c)  Relation  of  Cement  and  Aggregates. — For  reinforced  concrete 
construction,  one  part  of  cement  to  a  total  of  six  parts  of  fine  and 
coarse  aggregates  measured  separately  should  generally  be  used.  For 
columns,  richer  mixtures  are  preferable.  In  massive  masonry  or 
rubble  concrete,  a  mixture  of  1:9  or  even  1 :  12  may  be  used. 

These  proportions  should  be  determined  by  the  strength  or  other 
qualities  required  in  the  construction  at  the  critical  period  of  use. 
Experience  and  judgment  based  on  observation  and  tests  of  similar 
conditions  in  similar  localities  are  excellent  guides  as  to  the  proper 
proportions  for  any  particular  case. 

In  important  construction,  advance  tests  should  be  made  on  con- 
crete composed  of  the  materials  to  be  used  in  the  work.  These  tests 
should  be  made  by  standardized  methods,  to  obtain  uniformity  in 
mixing,  proportioning,  and  storage,  and  in  case  the  results  do  not 
conform  to  the  requirements  of  the  work,  aggregates  of  a  better  quality 
or  more  cement  should  be  used  to  obtain  the  desired  quality  of  concrete. 

2.      MIXING. 

The  mixing  of  concrete  should  be  thorough,  and  continue  until 
the  mass  is  uniform  in  color  and  homogeneous.  As  the  maximum 
density  and  greatest  strength  of  a  given  mixture  depend  largely  on 
thorough  and  complete  mixing,  it  is  essential  that  this  part  of  the  work 
should  receive  special  attention  and  care. 

Inasmuch  as  it  is  difficult  to  determine,  by  visual  inspection,  whether 
the  concrete  is  uniformly  mixed,  especially  where  aggregates  having 
the  color  of  cement  are  used,  it  is  essential  that  the  mixing  should 
occupy  a  definite  period  of  time.  The  minimum  time  will  depend  on 
whether  the  mixing  is  done  by  machine  or  hand. 

(o)  Measuring  Ingredients. — Methods  of  measurement  of  the 
various  ingredients  should  be  used  which  will  secure  at  all  times  sep- 
arate and  uniform  measurements  of  cement,  fine  aggregate,  coarse 
aggregate,  and  water. 

(&)  Machine  Mixing.- — ^The  mixing  should  be  done  in  a  batch 
machine  mixer  of  a  type  which  will  ensure  the  uniform  distribution  of 
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the  materials  throup:hout  the  mass,  and  should  continue  for  the  mini- 
mum time  of  IJ  min.  after  all  the  ingredients  are  assembled  in  the 
mixer.  For  mixers  of  two  or  more  cubic  yards  capacity,  the  minimum 
time  of  mixing  should  be  2  min.  Since  the  strength  of  the  concrete 
is  dependent  upon  thorough  mixing,  a  longer  time  than  this  minimum 
is  preferable.  It  is  desirable  to  have  the  mixer  equipped  with  an  at- 
tachment for  automatically  locking  the  discharging  device  so  as  to 
prevent  the  emptying  of  the  mixer  until  all  the  materials  have  been 
mixed  together  for  the  minimum  time  required  after  they  are 
assembled  in  the  mixer.  Means  should  be  provided  to  prevent  aggre- 
gates being  added  after  the  mixing  has  commenced.  The  mixer  should 
also  be  equipped  with  water  storage,  and  an  automatic. measuring  de- 
vice which  can  be  locked  is  desirable.  It  is  also  desirable  to  equip  the 
mixer  with  a  device  recording  the  revolutions  of  the  drum.  The  num- 
ber of  revolutions  should  be  so  regulated  as  to  give  at  the  periphery 
of  the  drum  a  uniform  speed;  about  200  ft.  per  min.  seems  to  be  the 
best  speed  in  the  present  state  of  the  art. 

(c)  Hand  il/t.T???f7.— Hand  mixing  should  be  done  on  a  water-tight 
platform  and  especial  precautions  taken  after  the  water  has  been 
added,  to  turn  all  the  ingredients  together  at  least  six  times,  and 
until  the  mass  is  homogeneous  in  appearance  and  color. 

(d)  Consistency. — The  materials  should  be  mixed  wet  enough  to 
produce  a  concrete  of  such  a  consistency  as  will  flow  sluggishly  into 
the  forms  and  about  the  metal  reinforcement  when  used,  and  which, 
at  the  same  time,  can  be  conveyed  from  the  mixer  to  the  forms  with- 
out separation  of  the  coarse  aggregate  from  the  mortar.  The  quantity 
of  water  is  of  the  greatest  importance  in  securing  concrete  of  maxi- 
mum strength  and  density;  too  much  water  is  as  objectionable  as  too 
little. 

(e)  Retempering. — The  remixing  of  mortar  or  concrete  that  has 
partly  set  should  not  be  permitted. 

3.       PLACING    CONCRETE. 

(a)  Methods. — Concrete  after  the  completion  of  the  mixing  should 
be  conveyed  rapidly  to  the  place  of  final  deposit;  under  no  circum- 
stances should  concrete  be  used  that  has  partly  set. 

Concrete  should  be  deposited  in  such  a  manner  as  will  permit  the 
most  thorough  compacting,  such  as  can  be  obtained  by  working  with 
a  straight  shovel  or  slicing  tool  kept  moving  up  and  down  until  all  the 
ingredients  are  in  their  proper  place.  Special  care  should  be  exercised 
to  prevent  the  formation  of  laitance;  where  laitance  has  formed  it 
should  be  removed,  since  it  lacks  strength,  and  prevents  a  proper  bond 
in  the  concrete. 

Before  depositing  concrete,  the  reinforcement  should  be  carefully 
placed   in   accordance  with  the  plans.     It  is  essential   that   adequate 
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means  be  provided  to  hold  it  in  its  proper  position  until  the  concrete 
has  been  deposited  and  compacted;  care  should  be  taken  that  the  forms 
are  substantial  and  thoi'oughly  wetted  (except  in  freezing  weather) 
or  oiled,  and  that  the  space  to  be  occupied  by  the  concrete  is  free  from 
debris.  When  the  placing  of  concrete  is  suspended,  all  necessary 
grooves  for  joining  future  work  should  be  made  before  the  concrete 
has  set. 

Wlien  work  is  resumed,  concrete  previously  placed  should  be 
roughened,  cleansed  of  foreign  material  and  laitance,  thorouglily 
wetted  and  then  slushed  with  a  mortar  consisting  of  one  part  Portland 
cement  and  not  more  than  two  parts  fine  aggregate. 

The  surfaces  of  concrete  exposed  to  premature  drying  should  be 
kept  covered  and  wet  for  a  period  of  at  least  7  days. 

Where  concrete  is  conveyed  by  spouting,  the  plant  should  be  of 
such  a  size  and  design  as  to  ensure  a  practically  continuous  stream  in 
the  spout.  The  angle  of  the  spout  with  the  horizontal  should  be  such 
as  to  allow  the  concrete  to  flow  without  a  separation  of  the  ingredients; 
in  general  an  angle  of  about  27°  or  one  vertical  to  two  horizontal  is 
good  practice.  The  spout  should  be  thoroughly  flushed  with  water 
before  and  after  each  run.  The  delivery  from  the  spout  should  be  as 
close  as  possible  to  the  point  of  deposit.  Where  the  discharge  must 
be  intermittent,  a  hopper  should  be  provided  at  the  bottom.  Spouting 
through  a  vertical  pipe  is  satisfactory  when  the  flow  is  continuous; 
when  it  is  unchecked  and  discontinuous  it  is  highly  objectionable,  imless 
the  flow  is  checked  by  baffle  plates. 

(h)  Freezing  Weather. — Concrete  should  not  be  mixed  or  deposited 
at  a  freezing  temperature,  unless  special  precautions  are  taken  to  pre- 
vent the  use  of  materials  covered  with  ice  crystals  or  containing  frost, 
and  to  prevent  the  concrete  from  freezing  before  it  has  set  and  suffi- 
ciently hardened. 

As  the  coarse  aggregate  forms  the  greater  portion  of  the  concrete, 
it  is  particularly  important  that  this  material  be  warmed  to  well  above 
the  freezing  point. 

The  enclosing  of  a  structure  and  the  warming  of  the  space  inside 
the  enclosure  is  recommended,  but  the  use  of  salt  to  lower  the  freezing 
point  is  not  recommended. 

(c)  Rubhle  Concrete. — Where  the  concrete  is  to  be  deposited  in 
massive  work,  its  value  may  be  improved  and  its  cost  materially 
reduced  by  the  use  of  clean  stones,  saturated  with  water,  thoroughly 
embedded  in  and  entirely  surrounded  by  concrete. 

id)  Under  ^Yater. — In  placing  concrete  under  water,  it  is  essential 
to  maintain  still  water  at  the  place  of  deposit.  With  careful  inspec- 
tion, the  use  of  tremies,  properly  designed  and  operated,  is  a  satisfac- 
tory method  of  placing  concrete  through  water.  The  concrete  should 
be  mixed  very  wet  (more  so  than  is  ordinarily  permissible)  so  that  it 
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will  flow  readily  through  the  tremie  and  into  place  with  practically  a 
level  surface. 

The  coarse  aggregate  should  be  smaller  than  ordinarily  used,  and 
never  more  than  1  in.  in  diameter.  The  use  of  gravel  facilitates  mix- 
ing and  assists  the  flow.  The  mouth  of  the  tremie  should  be  buried  in 
the  concrete  so  that  it  is  at  all  times  entirely  sealed  and  the  surround- 
ing water  prevented  from  forcing  itself  into  the  tremie;  the  concrete 
will  then  discharge  without  coming  in  contact  with  the  water.  The 
tremie  should  be  suspended  so  that  it  can  be  lowered  quickly  when  it 
is  necessary  either  to  choke  off  or  prevent  too  rapid  flow;  the  lateral 
■flow  preferably  should  be  not  over  15  ft. 

The  flow  should  be  continuous  in  order  to  produce  a  monolithic 
mass  and  to  prevent  the  formation  of  laitance  in  the  interior. 

In  case  the  flow  is  interrupted,  it  is  important  that  all  laitance  be 
removed  before  proceeding  with  the  work. 

In  large  structures  it  may  be  necessary  to  divide  the  mass  of  con- 
crete into  several  small  compartments  or  units,  to  permit  the  con- 
tinuous filling  of  each  one.  With  proper  care  it  is  possible  in  this 
manner  to  obtain  as  good  results  under  water  as  in  the  air. 

A  less  desirable  method  is  the  use  of  the  drop-bottom  bucket. 
Where  this  method  is  used,  the  bottom  of  the  bucket  should  be  released 
when  in  contact  with  the  surface  of  the  place  of  deposit. 


CHAPTER  V. 
Forms. 

Forms  should  be  substantial  and  unyielding,  in  order  that  the  con- 
crete may  conform  to  the  design,  and  be  sufficiently  tight  to  prevent 
the  leakage  of  mortar. 

It  is  vitally  important  to  allow  sufficient  time  for  the  proper  harden- 
ing of  the  concrete,  which  should  be  determined  by  careful  inspection 
before  the  forms  are  removed. 

Many  conditions  affect  the  hardening  of  concrete,  and  the  proper 
time  for  the  removal  of  the  forms  should  be  determined  by  some  com- 
petent and  responsible  person. 

It  may  be  stated  in  a  general  way  that  forms  should  remain  in 
place  longer  for  reinforced  concrete  than  is  required  for  plain  or 
massive  concrete,  and  longer  for  horizontal  than  is  required  for  vertical 
members. 

In  general  it  may  be  considered  that  concrete  has  hardened  suffi- 
ciently when  it  has  a  distinctive  ring  under  the  blow  of  a  hammer, 
but  this  test  is  not  reliable,  if  there  is  a  possibility  that  the  concrete 
is  frozen. 
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CHAPTER  VI. 

Details  of  Construction. 

1.      JOINTS. 

(a)  In  Concrete. — It  is  desirable  to  cast  an  entire  structure  at  one 
operation,  but  as  this  is  not  always  possible,  especially  in  large  struc- 
tures, it  is  necessary  to  stop  the  work  at  some  convenient  point.  This 
should  be  selected  so  that  the  resulting  joint  may  have  the  least  pos- 
sible effect  on  the  strength  of  the  structure.  It  is  therefore  recom- 
mended that  the  joint  in  columns  be  made  flush  with  the  lower  side 
of  the  girders,  or  in  flat  slab  construction  at  the  bottom  of  the  flare  of 
the  column  head;  that  the  joints  in  girders  be  at  a  point  midway 
between  supports,  unless  a  beam  intersects  a  girder  at  this  point,  in 
which  case  the  joint  should  be  offset  a  distance  equal  to  twice  the 
width  of  the  beam ;  and  that  the  joints  in  the  members  of  a  floor  sys- 
tem should  in  general  be  made  at  or  near  the  center  of  the  span. 

Joints  in  columns  should  be  perpendicular  to  the  axis,  and  in 
girders,  beams,  and  floor-slabs,  perpendicular  to  the  plane  of  their  sur- 
faces. When  it  is  necessary  to  provide  for  shear  at  right  angles  to 
the  axis,  it  is  permissible  to  incline  the  plane  of  the  joint  as  much  as 
30°  from  the  perpendicular.  Joints  in  arch  rings  should  be  on  planes 
as  nearly  radial  as  practicable. 

Before  placing  the  concrete  on  top  of  a  freshly  poured  (jolumn  a 
period  of  at  least  2  hours  should  be  allowed  for  the  settlement  and 
shrinkage. 

Shrinkage  and  contraction  joints  may  be  necessary  to  concentrate 
cracks  due  to  temperature  in  smooth  even  lines.  The  number  of  these 
joints  which  should  be  determined  and  provided  for  in  the  design  will 
depend  on  the  range  of  tem.perature  to  which  the  concrete  will  be  sub- 
jected, and  on  the  amount  and  position  of  the  reinforcement.  In 
massive  work,  such  as  retaining  walls,  abutments,  etc.,  built  without 
reinforcement,  contraction  joints  should  be  provided,  at  intervals  of 
from  25  to  50  ft.  and  with  reinforcement  from  50  to  80  ft.;  the  smaller 
the  height  and  thickness,  the  closer  the  gpacing.  The  joints  should  be 
tongued  and  grooved  to  maintain  the  alignment  in  case  of  unequal 
settlement.  A  groove  may  be  formed  in  the  surface  as  a  finish  to 
vertical  joints. 

Shrinkage  and  contraction  joints  should  be  lubricated  by  an  appli- 
cation of  petroleum  oil  or  a  similar  material,  to  permit  a  free  move- 
ment when  the  concrete  expands  or  contracts. 

The  movement  of  the  joint  due  to  expansion  and  contraction  may 
be  facilitated  by  the  insertion  of  a  sheet  of  copper,  zinc,  or  even  tarred 
paper. 

(6)  In  Reinforcement. — Wherever  it  is  necessary  to  splice  tension 
reinforcement  the  length  of  lap  should  be  determined  on  the  basis  of 
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the  safe  bond  stress,  the  stress  in  the  bar  and  the  shearing  resistance 
of  the  concrete  at  the  point  of  splice;  or  a  connection  should  be  made 
between  the  bars  of  sufficient  strength  to  carry  the  stress.  Splices  at 
points  of  maximum  stress  in  tension  should  be  avoided.  In  columns, 
bars  more  than  f  in.  in  diameter  not  subject  to  tension  should  have 
their  ends  properly  squared  and  butted  together  in  suitable  sleeves; 
smaller  bars  may  be  lapped,  as  indicated  for  tension  reinforcement. 
At  foundations  bearing  plates  should  be  provided  for  supporting  the 
bars,  or  the  bars  may  be  carried  into  the  footing  a  sufficient  distance 
to  transmit  the  stress  in  the  steel  to  the  concrete  by  means  of  the  bear- 
ing and  the  bond  resistance.  In  no  case  should  reliance  bo  placed  upon 
the  end  bearing  of  bars  on  concrete. 

2.       SHRINKAGE   AND   TEMPERATURE    CHANGES. 

The  stresses  resulting  from  shrinkage  due  to  hardening  and  con- 
traction from  temperature  changes  are  important  in  monolithic  con- 
struction, and  unless  cared  for  in  the  design  will  produce  objectionable 
cracks ;  cracks  cannot  be  entirely  prevented,  but  the  effects  can  be 
minimized. 

Large  cracks,  produced  by  quick  hardening  or  wide  ranges  of  tem- 
perature, can  be  broken  up  to  some  extent  into  small  cracks  by  placing 
reinforcement  in  the  concrete;  in  long,  continuous  lengths  of  concrete, 
it  is  better  to  provide  shrinkage  joints  at  points  in  the  structure  where 
they  will  do  little  or  no  harm.  Reinforcement  is  of  assistance,  and 
permits  longer  distances  between  shrinkage  joints  than  when  no 
reinforcement   is  used. 

Provision  for  shrinkage  should  be  made  when  small  or  thin  masses 
are  joined  to  larger  or  thicker  masses ;  at  such  places  the  use  of  fillets 
similar  to  those  used  in  metal  castings,  but  proportionally  larger,  is 
recommended. 

Shrinkage  cracks  are  likely  to  occur  at  points  where  fresh  concrete 
is  joined  to  that  which  is  set,  and  hence  in  placing  the  concrete,  con- 
struction joints  should  be  made,  as  described  in  Chapter  VI,  Section  1, 
or,  if  possible,  at  points  where  joints  would  naturally  occur  in  dimen- 
sion-stone  masonry. 

3.      FIRE-PROOFING. 

Concrete,  because  incombustible  and  of  a  low  rate  of  heat  con- 
ductivity, is  highly  efficient  and  admirably  adapted  for  fire-proofing 
purposes.     This  has  been  demonstrated  by  experience  and  tests. 

The  dehydration  of  concrete  probably  begins  at  about  500°  Fahr. 
and  is  completed  at  about  900°  Fahr.,  but  experience  indicates  that 
the  volatilization  of  the  water  absorbs  heat  from  the  surrounding 
mass,  which,  together  with  the  resistance  of  the  air  cells,  tends  to 
increase  the  heat  resistance  of  the  concrete,  so  that  the  process  of  dehy- 
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dration  is  very  much  retarded.  The  concrete  that  is  actually  affected 
by  fire  and  remains  in  position  affords  protection  to  that  beneath  it. 

The  thickness  of  the  protective  coating  should  be  governed  by  the 
intensity  and  duration  of  a  possible  fire  and  the  rate  of  heat  con- 
ductivity of  the  concrete.  The  question  of  the  rate  of  heat  conduc- 
tivity of  concrete  is  one  which  requires  further  study  and  investiga- 
tion before  a  definite  rate  for  different  classes  of  concrete  can  be  fully 
established.  However,  for  ordinary  conditions,  it  is  recommended 
that  the  metal  be  protected  by  a  minimum  of  2  in.  of  concrete  on 
girders  and  columns,  lo  in.  on  beams,  and  1  in.  on  floor-slabs. 

Where  fire-proofing  is  required,  and  not  otherwise  provided  in 
monolithic  concrete  columns,  it  is  recommended  that  the  concrete  to 
a  depth  of  14  in.  be  considered  as  protective  covering,  and  not  included 
in  the  effective  section. 

The  corners  of  columns,  girders,  and  beams  should  be  beveled  or 
rounded,  as  a  sharp  corner  is  more  seriously  affected  by  fire  than  a 
round  one;  experience  shows  that  round  columns  are  more  fire  resistive 
than  square. 

4.      WATER-PROOFING. 

Many  expedients  have  been  resorted  to  for  rendering  concrete 
impervious  to  water.  Experience  shows,  however,  that  when  mortar 
or  concrete  is  proportioned  to  obtain  the  greatest  practicable  density 
and  is  mixed  to  the  proper  consistency  (Chapter  IV,  Section  2  d),  the 
resulting  mortar  or  concrete  is  impeiwious  under  moderate  pressure. 

On  the  other  hand,  concrete  of  dry  consistency  is  more  or  less 
pervious  to  water,  and,  though  compounds  of  various  kinds  have  been 
mixed  with  the  concrete  or  applied  as  a  wash  to  the  surface,  in  an 
effort  to  offset  this  defect,  these  expedients  have  generally  been  dis- 
appointing, for  the  reason  that  many  of  these  compounds  have  at  best 
but  temporary  value,  and  in  time  lose  their  power  of  imparting 
impermeability  to  the  concrete. 

In  the  case  of  subways,  long  retaining  walls  and  reservoirs,  pro- 
vided the  concrete  itself  is  impervious,  cracks  may  be  so  reduced,  by 
horizontal  and  vertical  reinforcement  properly  proportioned  and 
located,  that  they  will  be  too  minute  to  permit  leakage,  or  will  be 
closed  by  infiltration  of  silt. 

Asphaltic  or  coal-tar  preparations  applied  either  as  a  mastic  or  as 
a  coating  on  felt  or  cloth  fabric,  are  used  for  water-proofing,  and 
should  be  proof  against  injury  by  liquids  or  gases. 

For  retaining  and  similar  walls  in  direct  contact  with  the  earth, 
the  application  of  one  or  two  coatings  of  hot  coal-tar  pitch,  following 
a  painting  with  a  thin  wash  of  coal  tar  dissolved  in  benzol,  to  the 
thoroughly  dried  surface  of  concrete  is  an  efficient  method  of  prevent- 
ing the  penetration  of  moisture  from  the  earth. 
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5.      SURFACE    FINISH. 

Concrete  is  a  material  of  an  individual  type,  and  should  be  used 
without  effort  at  imitation  of  other  building  materials.  One  of  the 
important  problems  connected  with  its  use  is  the  character  of  the 
finish  of  exposed  surfaces.  The  desired  finish  should  be  determined 
before  the  concrete  is  placed,  and  the  work  conducted  so  as  to  facilitate 
securing  it.  The  natural  surface  of  the  concrete  in  most  structures 
is  unobjectionable,  but  in  others  the  marks  of  the  forms  and  the  flat 
dead  surface  are  displeasing,  making  some  special  treatment  desirable. 
A  treatment  of  the  surface  which  removes  the  film  of  cement  and 
brings  the  aggregates  of  the  concrete  into  relief,  either  by  scrubbing 
with  brushes  and  water  before  it  is  hard,  or  by  tooling  it  after  it  is 
hard,  is  frequently  used  to  erase  the  form  markings  and  break  the 
monotonous  appearance  of  the  surface.  Besides  being  more  pleasing 
in  immediate  appearance,  such  a  surface  is  less  subject  to  discolora- 
tion and  hair  cracking  than  is  a  surface  composed  of  the  cement  that 
segregates  against  the  forms,  or  one  that  is  made  by  applying  a  cement 
wash.  The  aggregates  can  also  be  exposed  by  washing  with  hydro- 
chloric acid  diluted  with  from  6  to  10  parts  of  water.  The  plastering 
of  surfaces  should  be  avoided,  for  even  if  carefully  done,  it  is  liable  to 
peel  off  under  the  action  of  frost  or  temperature  changes. 

Various  effects  in  texture  and  in  color  can  be  obtained  when  the 
surface  is  to  be  scrubbed  or  tooled,  by  using  aggregates  of  the  desired 
size  and  color.  For  a  fine-grained  texture  a  granolithic  surface  mix- 
ture can  be  made  and  placed  against  the  face  forms  to  a  thickness  of 
about  1  in.  as  the  placing  of  the  body  of  the  concrete  proceeds. 

A  smooth,  even  surface  without  form  marks  can  be  secured  by  the 
use  of  plastered  forms,  which,  in  structures  having  many  duplications 
of  members,  can  be  used  repeatedly;  these  are  made  in  panels  of 
expanded  metal  or  wire  mesh  coated  with  plaster,  and  the  joints  made 
at  edges,  and  closed  with  plaster  of  Paris. 

CHAPTER   VII. 
Design. 

1.       massive   CONCRETE. 

In  the  design  of  massive  or  plain  concrete,  no  account  should  be 
taken  of  the  tensile  strength  of  the  material,  and  sections  should 
usually  be  proportioned  so  as  to  avoid  tensile  stresses  except  in  slight 
amounts  to  resist  indirect  stresses.  This  will  generally  be  accom- 
plished in  the  case  of  rectangular  shapes  if  the  line  of  pressure  is  kept 
within  the  middle  third  of  the  section,  but  in  very  large  structures, 
such  as  high  masonry  dams,  a  more  exact  analysis  may  be  required. 
Structures  of  massive  concrete  are  able  to   resist  unbalanced  lateral 
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forces  by  reason  of  their  weight;  hence  the  element  of  weight  rather 
than  strength  often  determines  the  design.  A  leaner  and  relatively 
cheap  concrete,  therefore,  will  often  be  suitable  for  massive  concrete 
structures. 

It  is  desirable  generally  to  provide  joints  at  intervals  to  localize 
the  effect  of  contraction  (Chapter  VI,  Section  1). 

Massive  concrete  is  suitable  for  dams,  retaining  walls,  and  piers 
in  which  the  ratio  of  length  to  least  width  is  relatively  small.  Under 
ordinary  conditions,  this  ratio  should  not  exceed  four.  It  is  also 
suitable  for  arches   of  moderate   span. 

2.  REINFORCED   CONCRETE. 

The  use  of  metal  reinforcement  is  particularly  advantageous  in 
members  such  as  beams  in  which  both  tension  and  compression  exist, 
and  in  columns  where  the  principal  stresses  are  compressive  and  where 
there  also  may  be  cross-bending.  Therefore  the  theory  of  design  here 
presented  relates  mainly  to  thp  analysis  of  beams  and  columns. 

3.  GENERAL    ASSUMPTIONS. 

(a)  Loads. — The  forces  to  be  resisted  are  those  due  to: 

1.  The  dead  load,  which  includes  the  weight  of  the  structure 

and  fixed  loads  and  forces. 

2.  The   live   load,  or  the  loads   and  forces  which   are  variable. 

The  dynamic  effect  of  the  live  load  will  often  require  con- 
sideration. Allowance  for  the  latter  is  preferably  made 
by  a  proportionate  increase  in  either  the  live  load  or  the 
live-load  stresses.  The  working  stresses  hereinafter  recom- 
mended are  intended  to  apply  to  the  equivalent  static 
stresses  thus  determined. 

In  the  case  of  high  buildings,  the  live  load  on  columns 
may  be  reduced  in  accordance  with  the  usual  practice. 

ih)  Lengths  of  Beams  and  Columns.; — The  span  length  for  beams 
and  slabs  simply  supported  should  be  taken  as  the  distance  from  center 
to  center  of  supports,  but  need  not  be  taken  to  exceed  the  clear  span 
plus  the  depth  of  beam  or  slab.  For  continuous  or  restrained  beams 
built  monolithically  into  supports,  the  span  length  may  be  taken  as 
the  clear  distance  between  faces  of  supports.  Brackets  should  not  be 
considered  as  reducing  the  clear  span  in  the  sense  here  intended, 
except  that  when  brackets  which  make  an  angle  of  45°  or  more  with 
the  axis  of  a  restrained  beam  are  built  monolithically  with  the  beam, 
the  span  may  be  measured  from  the  section  where  the  combined  depth 
of  beam  and  bracket  is  at  least  one-third  more  than  the  depth  of  the 
beam.  Maximum  negative  moments  are  to  be  considered  as  existing 
at  the  end  of  the  span  as  here  defined. 
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When  the  depth  of  a  restrained  beam  is  greater  at  its  ends  than  at 
mid-si)an  and  the  slope  of  the  bottom  of  the  beam  at  its  ends  makes 
an  angle  of  not  more  than  15°  with  the  direction  of  the  axis  of  the 
beam  at  mid-span,  the  spaji  length  may  be  measured  from  face  to  face 
of  supports. 

The  length  of  columns  should  be  taken  as  the  maximum  unstayed 
length. 

(c)  Stresses. — The  following  assumptions  are  recommended  as  a 
basis  for  calculations: 

1.  Calculations  will  be  made  with  reference  to  working  stresses 

and  safe  loads,  rather  than  with  reference  to  ultimate 
strength  and  ultimate  loads. 

2.  A  plane  section  before  bending  remains  plane  after  bending. 

3.  The   modulus    of    elasticity    of    concrete    in    compression    is 

constant  within  the  usual  limits  of  working  stresses.  The 
distribution  of  compressive  stress  in  beams  is  therefore 
rectilinear. 

4.  In  calculating  the  moment  of  resistance  of  beams,  the  tensile 

stresses  in  the  concrete  are  neglected. 

5.  The   adhesion   between   the   concrete   and   the   reinforcement 

is  perfect.  Under  compressive  stress  the  two  materials 
are  therefore  stressed  in  proportion  to  their  moduli  of 
elasticity. 

6.  The  ratio  of  the  modulus  of  elasticity  of  steel  to  the  modiilus 

of  elasticity  of  concrete  is  taken  at  15  except  as  modified 
in  Chapter  VIII,  Section  8. 

7.  Initial    stress    in    the    reinforcement    due   to    contraction    or 

expansion   of  the   concrete   is   neglected. 

It  is  recognized  that  some  of  the  assumptions  given  herein  are 
not  entirely  borne  out  by  experimental  data.  They  are  given  in  the 
interest  of  simplicity  and  uniformity,  and  variations  from  exact  con- 
ditions are  taken  into  account  in  the  selection  of  formulas  and  working 
stresses. 

The  deflection  of  a  beam  depends  upon  the  strength  and  stiifness 
developed  throughout  its  length.  For  calculating  deflection,  a  value 
of  8  for  the  ratio  of  the  moduli  will  give  results  corresponding 
approximately  with  the  actual  conditions. 

4.      T-BEAMS. 

In  beam  and  slab  construction  an  effective  bond  should  be  provided 
at  the  junction  of  the  beam  and  slab.  "When  the  principal  slab 
reinforcement  is  parallel  to  the  beam,  transverse  reinforcement  should 
be  used,  extending  over  the  beam  and  well  into  the  slab. 
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The  slab  may  be  considered  an  integral  part  of  the  beam,  when 
adequate  bond  and  shearing  resistance  between  slab  and  web  of  beam 
is  provided,  but  its  effective  Avidth  shall  be  determined  by  the  following 
riiles : 

(a)    It    shall    not   exceed    one-fourth    of    the    span    length    of    the 

beam; 
(h)    Its   overhanging   width   on   either   side   of   the   web   shall   not 

exceed  six  times  the  thickness   of  the   slab. 

In  the  design  of  continuous  T-beams,  due  consideration  should 
be  given  to  the  compressive  stress  at  the  support. 

Beams  in  which  the  T-form  is  used  only  for  the  purpose  of 
providing  additional  compression  area  of  concrete  should  preferably 
have  a  width  of  flange  not  more  than  three  times  the  width  of  the 
stem  and  a  thickness  of  flange  not  less  than  one-third  of  the  depth 
of  the  beam.  Both  in  this  form  and  in  the  beam  and  slab  form 
the  web  stresses  and  the  limitations  in  placing  and  spacing  the 
longitudinal  reinforcement  will  probably  be  controlling  factors  in 
design. 

5.      FLOOR-SLABS     SUPPORTED     ALONf;     FOUR     SIDES. 

Floor-slabs  having  the  supports  extending  along  the  four  sides 
should  be  designed  and  reinforced  as  continuous  over  the  supports. 
If  the  length  of  the  slab  exceeds  one  and  one-half  times  its  width, 
the  entire  load  should  be  carried  by  transverse  reinforcement. 

For  uniformly  distributed  loads  on  square  slabs,  one-half  the  live 
and  dead  load  may  be  used  in  the  calculations  of  moment  to  be 
resisted  in  each  direction.  For  oblong  slabs,  the  length  of  which 
is  not  greater  than  one  and  one-half  times  their  width,  the  moment 
to  be  resisted  by  the  transverse  reinforcement  may  be  found  by  using 
a  proportion  of  the  live  and  dead  load  equal  to  that  given  by  the 

I 
formula,  r  =    ,  —  0..5,  where  I  =  lensfth  and  b  =  breadth  of  slab.    The 

longitudinal  reinforcement  should  then  be  proportioned  to  carry  the 
remainder  of  the  load. 

In  placing  reinforcement  in  such  slabs  account  may  well  be  taken 
of  the  fact  that  the  bending  moment  is  greater  near  the  center  of 
the  slab  than  near  the  edges.  For  this  purpose  two-thirds  of  the 
previously  calculated  moments  may  be  assumed  as  carried  by  the 
center  half  of  the  slab  and  one-third  by  the  outside  quarters. 

Loads  carried  to  beams  by  slabs  which  are  reinforced  in  two  direc- 
tions will  not  be  uniformly  distributed  to  the  supporting  beams, 
and  the  distribution  will  depend  on  the  relative  stiffness  of  the  slab 
and  the  supporting  beams.  The  distribution  which  may  be  expected 
ordinarily  is  a  variation  of  the  load  in  the  beam  in  accordance  with 
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the  ordinates  of  a  parabola,  having  its  vertex  at  the  middle  of  the 
span.  I'or  any  given  design,  the  probable  distribution  should  be 
ascertained  and  the  moments  in  the  beam  calculated  accordingly. 

6.      CONTINUOUS    BEAMS    AND    SLABS. 

When  the  l)eam  or  slab  is  continuous  over  its  supports,  reinforce- 
ment should  be  fully'  provided  at  points  of  negative  moment,  and  the 
stresses  in  concrete  recommended  in  Chapter  VIII,  Section  4,  should 
not  be  exceeded.  In  computing  the  positive  and  negative  moments 
in  beams  and  slabs  continuous  over  several  supports,  due  to  uniformly 
distributed  loads,  the  following  rules  are  recommended : 

(a)  For  floor-slabs,  the  bending  moments  at  center  and  at  support 

should  be  taken  at for  both  dead  and  live  loads,  where  w 

represents  the  load  per  linear  unit  and  I  the  span  length. 
(6)   For  beams,  the  bending  moment  at  center  and  at  support  for 

interior  spans  should  be  taken  at  — —    and   for  end  spans  it 

should   be  taken  at  for  center  and  interior  support,  for 

10 

both  dead  and  live  loads. 

(c)  In  the  case  of  beams  and  slabs  continuous  for  two  spans  only, 

with  their  ends  restrained,  the  bending  moment  both  at  the 

central  support  and  near  the  middle  of  the  span  shoidd  be 

wf 

taken  as  . 

10 

(d)  At   the   ends   of   continuous   beams,    the   amount    of   negative 

moment  which  will  be  developed  in  the  beam  will  depend 
on  the  condition  of  restraint  or  fixedness,  and  this  will 
depend  on  the  form  of  construction  used.     In  the  ordinary 

cases   a   moment   of  may    be    taken  ;    for  small   beams 

16 

running  into  heavy  columns  this   should  be   increased,  but 

not  to  exceed . 

12 

For  spans  of  unusual  length,  or  for  spans  of  materially  uuequal 
length,  more  exact  calculations  should  be  made.  Special  considera- 
tion is  also  required  in  the  ease  of  concentrated  loads. 

Even  if  the  center  of  the  span  is  designed  for  a  greater  bending 
moment  than  is  called  for  by  (a)  or  (h),  the  negative  moment  at 
the  support  should  not  be  taken  as  less  than  the  values  there  given. 
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Where  beams  are  reinforced  on  the  compression  side,  the  steel 
may  be  assiinied  to  carry  its  proportion  of  stress  in  accordance  with 
the  ratio  of  niodtdi  of  elasticity.  Chapter  VIII,  Section  8.  Kein- 
forcing  bars  for  compression  in  beams  should  be  straight  and  should 
be  two  diameters  in  the  clear  from  the  surface  of  the  concrete.  For 
the  positive  bending  moment,  such  reinforcement  should  not  exceed  1% 
of  the  area  of  the  concrete.  In  the  case  of  cantilever  and  continuous 
beams,  tensile  and  compressive  reinforcement  over  supports  should 
extend  sufficiently  beyond  the  support  and  beyond  the  point  of  inflection 
to  develop  the  requisite  bond  strength. 

In  construction  made  continuous  over  supports,  it  is  important 
that  ample  foundations  should  be  provided;  for  unequal  settlements 
are  liable  to  produce  unsightly  if  not  dangerous  cracks.  This  effect  is 
more  likely  to  occur  in  low  structures. 

Girders,  such  as  wall  girders,  which  have  beams  framed  into  one 
side  only,  should  be  designed  to  resist  torsional  moment  arising  from 
the  negative  moment  at  the  end  of  the  beam. 

7.      BOND   STRENGTH    AND   SPACING    OF   REINFORCEMENT. 

Adequate  bond  strength  should  be  provided.  The  formula  herein- 
after given  for  bond  stresses  in  beams  is  for  straight  longitudinal 
bars.  In  beams  in  which  a  portion  of  the  reinforcement  is  bent  up 
near  the  end,  the  bond  stress  at  places,  in  both  the  straight  bars  and 
the  bent  bars,  will  be  considerably  greater  than  for  all  the  bars 
straight,  and  the  stress  at  some  point  may  be  several  times  as 
much  as  that  found  by  considering  the  stress  to  be  uniformly  dis- 
tributed along  the  bar.  In  restrained  and  cantilever  beams,  full 
tensile  stress  exists  in  the  reinforcing  bars  at  the  point  of  support, 
and  the  bars  should  be  anchored  in  the  support  sufficiently  to  develop 
this  stress. 

In  case  of  anchorage  of  bars,  an  additional  length  of  bar  should 
be  provided  beyond  that  found  on  the  assumption  of  uniform  bond 
stress,  for  the  reason  that  before  the  bond  resistance  at  the  end  of 
the  bar  can  be  developed  the  bar  may  have  begun  to  slip  at  another 
point,  and  "running"  resistance  is  less  than  the  resistance  before 
slip  begins. 

Where  high  bond  resistance  is  required,  the  deformed  bar  is  a 
suitable  means  of  supplying  the  necessary  strength.  But  it  should 
be  recognized  that,  even  with  a  deformed  bar,  initial  slip  occurs  at 
early  .loads,  and  that  the  ultimate  loads  obtained  in  the  usual  tests 
for  bond  resistance  may  be  misleading.  Adequate  bond  strength 
throughout  the  length  of  a  bar  is  preferable  to  end  anchorage,  but,  as 
an  additional  safeguard,  such  anchorage  may  properly  be  used  in 
special  cases.  Anchorage  furnished  by  short  bends  at  a  right  angle 
is  less  effective  than  by  hooks  consisting  of  turns  through  180  degrees. 
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The  lateral  spacing  of  parallel  bars  should  be  not  less  than  three 
diameters  from  center  to  center,  nor  should  the  distance  from  the 
side  of  the  beam  to  the  center  of  the  nearest  bar  be  less  than  two 
diameters.  The  clear  spacing  between  two  layers  of  bars  should  be 
not  less  than  1  in.  The  use  of  more  than  two  layers  is  not  recom- 
mended, unless  the  layers  are  tied  together  by  adequate  metal  con- 
nections, particularly  at  and  near  points  where  bars  are  bent  up  or 
bent  down.  Where  more  than  one  layer  is  used,  at  least  all  bars  above 
the  lower  layer  should  be  bent  up  and  anchored  beyond  the  edge  of 
the  support. 

8.      DIAGONAL    TENSION    AND    SHEAR. 

When  a  reinforced  concrete  beam  is  subjected  to  flexural  action, 
diagonal  tensile  stresses  are  set  up.  A  beam  without  web  reinforce- 
ment will  fail  if  these  stresses  exceed  the  tensile  strength  of  the 
concrete.  When  web  reinforcement,  made  up  of  stirrups  or  of  diagonal 
bars  secured  to  the  longitudinal  reinforcement,  or  of  longitudinal 
reinforcing  bars  bent  up  at  several  points,  is  used,  new  conditions 
prevail,  but,  even  in  this  case,  at  the  beginning  of  loading  the  diagonal 
tension  developed  is  taken  principally  by  the  concrete,  the  deforma- 
tions which  are  developed  in  the  concrete  permitting  but  little  stress 
to  be  taken  by  the  web  reinforcement.  \\Tien  the  resistance  of  the 
concrete  to  the  diagonal  tension  is  overcome  at  any  point  in  the 
depth  of  the  beam,  greater  stress  is  at  once  set  up  in  the  web  rein- 
forcement. 

For  homogeneous  beams,  the  analytical  treatment  of  diagonal  tension 
is  not  very  complex — the  diagonal  tensile  stress  is  a  function  of  the  hori- 
zontal and  vertical  shearing  stresses  and  of  the  horizontal  tensile  stress 
at  the  point  considered,  and  as  the  intensity  of  these  three  stresses 
varies  from  the  neutral  axis  to  the  remotest  fiber,  the  intensity  of  the 
diagonal  tension  will  be  different  at  different  points  in  the  section, 
and  will  change  with  different  proportionate  dimensions  of  length 
to  depth  of  beam.  For  the  composite  structure  of  reinforced  concrete 
beams,  an  analysis  of  the  web  stresses,  and  particularly  of  the  diagonal 
tensile  stresses,  is  very  complex;  and  when  the  variations  due  to  a 
change  from  no  horizontal  tensile  stress  in  the  concrete  at  remotest 
fiber  to  the  presence  of  horizontal  tensile  stress  at  some  point  below 
the  neutral  axis  are  considered,  the  problem  becomes  more  complex 
and  indefinite.  Under  these  circumstances,  in  designing,  recourse  is 
had  to  the  use  of  the  calculated  vertical  shearing  stress,  as  a  means 
of  comparing  or  measuring  the  diagonal  tensile  stresses  developed, 
it  being  understood  that  the  vertical  shearing  stress  is  not  the  numerical 
equivalent  of  the  diagonal  tensile  stress,  and  that  there  is  not  even 
a  constant  ratio  between  them.  It  is  here  recommended  that  the 
maximum  vertical  shearing  stress  in  a  section  be  used  as  the  means  of 
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comparison  of  the  resistance  to  diagonal  tensile  stress  developed  in  the 
concrete  in  beams  not  having  web  reinforcement. 

Even  after  the  concrete  has  reached  its  limit  of  resistance  to 
diagonal  tension,  if  the  beam  has  web  reinforcement,  conditions  of 
beam  action  will  continue  to  prevail,  at  least  through  the  com- 
pression area,  and  the  web  reinforcement  will  be  called  on  to  resist 
only  a  part  of  the  web  stresses.  From  experiments  with  beams  it  is 
concluded  that  it  is  safe  practice  to  use  only  two-thirds  of  the 
external  vertical  shear  in  making  calculations  of  the  stresses  that 
come  on  stirrups,  diagonal  web  pieces,  and  bent-up  bars,  and  it  is 
here  recommended  for  calculations  in  designing  that  two-thirds  of 
the  external  vertical  shear  be  taken  as  producing  stresses  in  web 
reinforcement. 

It  is  well  established  that  vertical  members  attached  to  or  looped 
about  horizontal  members,  inclined  members  secured  to  horizontal 
members  in  such  a  way  as  to  insure  against  slip,  and  the  bending 
of  a  part  of  the  longitudinal  reinforcement  at  an  angle,  will  increase 
the  strength  of  a  beam  against  failure  by  diagonal  tension,  and 
that  a  well-designed  and  well-distributed  web  reinforcement  may, 
under  the  best  conditions,  increase  the  total  vertical  shear  carried 
to  a  value  as  much  as  three  times  that  obtained  when  the  bars  are 
all  horizontal  and  no  web  reinforcement  is  used. 

When  web  reinforcement  comes  into  action  as  the  principal  tension 
web  resistance,  the  bond  stresses  between  the  longitudinal  bars  and 
the  concrete  are  not  distributed  as  uniformly  along  the  bars  as  they 
otherwise  would  be,  but  tend  to  be  concentrated  at  and  near  stirrups, 
and  at  and  near  the  points  where  bars  are  bent  up.  When  stirrups 
are  not  rigidly  attached  to  the  longitudinal  bars,  and  the  proportioning 
of  bars  and  stirrup  spacing  is  such  that  local  slip  of  bars  occur  at 
stirrups,  the  effectiveness  of  the  stirrups  is  impaired,  though  the 
presence  of  stirrups  still  gives  an  element  of  toughness  against  diagonal 
tension  failure. 

Sufficient  bond  resistance  between  the  concrete  and  the  stirrups 
or  diagonals  must  be  provided  in  the  compression  area  of  the  beam. 

The  longitudinal  spacing  of  vertical  stirrups  should  not  exceed 
one-half  the  depth  of  beam,  and  that  of  inclined  members  should 
not  exceed  three-fourths  of  the  depth  of  beam. 

Bending  of  longitudinal  reinforcing  bars  at  an  angle  across  the 
web  of  the  beam  may  be  considered  as  adding  to  diagonal  tension 
resistance  for  a  horizontal  distance  from  the  point  of  bending  equal 
to  three-fourths  of  tlie  depth  of  beam.  Where  the  bending  is  made 
at  two  or  more  points,  the  distance  between  points  of  bending  should 
not  exceed  three-fourths  of  the  depth  of  the  beam.  In  the  case  of  a 
restrained  beam,  the  effect  of  bending  up  a  bar  at  the  bottom  of  the 
beam   in  resisting  diagonal   tension   may   not  be  taken   as   extending 
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beyond  a  section  at  the  point  of  inflection,  and  the  effect  of  bending 
down  a  bar  in  the  region  of  negative  moment  may  be  taken  as  extend- 
ing from  the  point  of  bending  down  of  bar  nearest  the  support  to  a 
section  not  more  than  three-fourths  of  the  depth  of  beam  beyond  the 
point  of  bending  down  of  bar  farthest  from  the  support,  but  not 
beyond  the  point  of  inflection.  In  case  stirrups  are  used  in  the 
beam  away  from  the  region  in  which  the  bent  bars  are  considered 
effective,  a  stirrup  should  be  placed  not  farther  than  a  distance  equal 
to  one-fourth  the  depth  of  beam  from  the  limiting  sections  defined 
above.  Iii  case  the  web  resistance  required  through  the  region  of 
bent  bars  is  greater  than  that  furnished  by  the  bent  bars,  sufficient 
additional  web  reinforcement  in  the  form  of  stirrups  or  attached 
diagonals  should  be  provided.  The  higher  resistance  to  diagonal 
tension  stresses  given  by  unit  frames  having  the  stirrups  and  bent-up 
bars  securely  connected  together  both  longitudinally  and  laterally 
is  worthy  of  recognition.  It  is  necessary  that  a  limit  be  placed 
on  the  amount  of  shear  which  may  be  allowed  in  a  beam;  for  when 
web  reinforcement  sufficiently  efficient  to  give  very  high  web  resistance 
is  used,  at  the  higher  stresses  the  concrete  in  the  beam  becomes  checked 
and  cracked  in  such  a  way  as  to  endanger  its  durability  as  well  as  its 
strength. 

The  section  to  be  taken  as  the  critical  section  in  the  calculation 
of  shearing  stresses  will  generally  be  the  one  having  the  maximum 
vertical  shear,  though  experiments  show  that  the  section  at  which 
diagonal  tension  failures  occur  is  not  just  at  a  support,  even  though 
the  shear  at  the  latter  point  be  much  greater. 

In  the  case  of  restrained  beams,  the  first  stirrup  or  the  point  of 
bending  down  of  bar  should  be  placed  not  farther  than  one-half  of 
the  depth  of  beam  away  from  the  face  of  the  support. 

It  is  important  that  adequate  bond  strength  or  anchorage  be  pro- 
vided to  develop  fully  the  assumed  strength  of  all  web  reinforcement. 

Low  bond  stresses '  in  the  longitudinal  bars  are  helpful  in  giving 
resistance  against  diagonal  tension  failures,  and  anchorage  of  longi- 
tudinal bars  at  the  ends  of  the  beams  or  in  the  supports  is  advantageous. 

It  should  be  noted  that  it  is  on  the  tension  side  of  a  beam  that 
diagonal  tension  develops  in  a  critical  way,  and  that  proper  connection 
should  always  be  made  between  stirrups  or  other  web  reinforcement 
and  the  longitudinal  tension  reinforcement,  whether  the  latter  is  on 
the  lower  side  of  the  beam  or  on  its  upper  side.  Where  negative 
moment  exists,  as  is  the  ease  near  the  supports  in  a  continuous  beam, 
web  reinforcement,  to  be  effective,  must  be  looped  over  or  wrapped 
around,  or  be  connected  with,  the  longitudinal  tension  reinforcing 
bars  at  the  top  of  the  beam  in  the  same  way  as  is  necessary  at  the 
bottom  of  the  beam  at  sections  where  the  bending  moment  is  positive. 

Inasmuch   as    the    smaller    the    longitudinal    deformations    in    the 
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horizontal  reinforcement  are,  the  less  the  tendency  for  the  formation 
of  diagonal  cracks,  a  beam  will  be  strengthened  against  diagonal 
tension  failure  by  so  arranging  and  proportioning  the  horizontal  rein- 
forcement that  the  unit  stresses  at  points  of  large  shear  shall  be 
relatively  low. 

It  does  not  seem  feasible  to  make  a  complete  analysis  of  the  action 
of  web  reinforcement,  and  more  or  less  empirical  methods  of  calcu- 
lation are  therefore  employed.  Limiting  values  of  working  stresses 
for  different  types  of  web  reinforcement  are  given  in  Chapter  VIII, 
Section  5.  The  conditions  apply  to  cases  commonly  met  in  design. 
It  is  assmned  that  adequate  bond  resistance  or  anchorage  of  all  web 
reinforcement  will  be  provided. 

When  a  flat  slab  rests  on  a  column,  or  a  column  bears  on  a  footing, 
the  vertical  shearing  stresses  in  the  slab  or  footing  immediately 
adjacent  to  the  column  are  termed  punching  shearing  stresses.  The 
element  of  diagonal  tension,  being  a  function  of  the  bending  moment 
as  well  as  of  shear,  may  be  small  in  such  cases,  or  may  be  other- 
wise provided  for.  For  this  reason  the  permissible  limit  of  stress 
for  punching  shear  may  be  higher  than  the  allowable  limit  when  the 
shearing  stress  is  used  as  a  means  of  comparing  diagonal  tensile  stress. 
The  working  values  recommended  are  given  in  Chapter  VIII,  Section  5. 

9.       COLUMNS. 

By  columns  are  meant  compression  members  of  which  the  ratio 
of  unsupported  length  to  least  width  exceeds  about  four,  and  which 
are  provided  with  reinforcement  of  one  of  the  forms  hereafter  described. 

It  is  recommended  that  the  ratio  of  unsupported  length  of  column 
to  its  least  width  be  limited  to  15. 

The  effective  area  of  hooped  columns  or  columns  reinforced  with 
structural  shapes  shall  be  taken  as  the  area  within  the  circle  enclosing 
the  spiral  or  the  polygon  enclosing  the  structural  shapes. 

Columns  may  be  reinforced  by  longitudinal  "bars;  by  bands,  hoops, 
or  spirals,  together  with  longitudinal  bars;  or  by  structural  forms 
which  are  sufficiently  rigid  to  have  value  in  themselves  as  columns. 
The  general  effect  of  closely  spaced  hooping  is  to  greatly  increase  the 
toughness  of  the  colimin  and  to  add  to  its  ultimate  strength,  but 
hooping  has  little  effect  on  its  behavior  within  the  limit  of  elasticity. 
It  thus  renders  the  concrete  a  safer  and  more  reliable  material,  and 
should  permit  the  use  of  a  somewhat  higher  working  stress.  The 
beneficial  effects  of  toughening  are  adequately  provided  by  a  moderate 
amount  of  hooping,  a  larger  amount  serving  mainly  to  increase  the 
ultimate  strength  and  the  deformation  possible  before  ultimate  failure. 

Composite  columns  of  structural  steel  and  concrete,  in  which  the 
steel  forms  a  column  by  itself,  should  be  designed  with  caution. 
To  classify  this  type  as  a  concrete  column  reinforced  with  structural 
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steel  is  hardly  permissible,  as  the  steel  generally  will  take  the  greater 
part  of  the  load.  When  this  type  of  column  is  used,  the  concrete 
should  not  be  relied  upon  to  tie  the  steel  units  together  nor  to 
transmit  stresses  from  one  unit  to  another.  The  units  should  be 
adequately  tied  together  by  tie-plates  or  lattice  bars,  which,  together 
with  other  details,  such  as  splices,  etc.,  should  be  designed  in  con- 
formity with  standard  practice  for  structural  steel.  The  concrete  may 
exert  a  beneficial  effect  in  restraining  the  steel  from  lateral  deflection 
and  also  in  increasing  the  carrying  capacity  of  the  column.  The 
proportion  of  load  to  be  carried  by  the  concrete  will  depend  on  the 
form  of  the  column  and  the  method  of  construction.  Generally,  for 
high  percentages  of  steel,  the  concrete  will  develop,  relatively  low 
unit  stresses,  and  caution  shoiild  be  used  in  placing  dependence  on 
the  concrete. 

The  following  recommendations  are  made  for  the  relative  working 
stresses  in  the  concrete  for  the  several  types  of  cokunns : 

(a)  Columns  with  longitudinal  reinforcement  to  the  extent  of 
not  less  than  1%  and  not  more  than  4%,  and  with  lateral 
ties  of  not  less  than  i  in.  in  diameter,  12  in.  apart,  nor 
more  than  16  diameters  of  the  longitudinal  bar:  the  imit 
stress  recommended  for  axial  compression,  on  concrete  piers 
having  a  length  not  more  than  four  diameters,  in  Chapter 
Vni,  Section  3. 

(6)  Columns  reinforced  with  not  less  than  1%  and  not  more  than 
4%  of  longitudinal  bars  and  with  circular  hoops  or  spirals 
not  less  than  1%  of  the  volume  of  the  concrete  and  as  here- 
inafter specified:  a  unit  stress  55%  higher  than  given  for 
(a),  provided  the  ratio  of  unsupported  length  of  column  to 
diameter  of  the  hooped  core  is  not  more  than  10. 

The  foregoing  recommendations  are  based  on  the  following  condi- 
tions : 

It  is  recommended  that  the  minimum  size  of  columns  to  which  the 
working  stresses  may  be  applied  be  12  in.,  out  to  out. 

In  all  cases  longitudinal  reinforcement  is  assumed  to  carry  its 
proportion  of  stress  in  accordance  with  Section  3  (c)  6  of  this  chapter. 
The  hoops  or  bands  are  not  to  be  counted  on  directly  as  adding  to  the 
strength  of  the  column. 

Longitudinal  reinforcement  bars  should  be  maintained  straight, 
and  shall  have  sufficient  lateral  support  to  be  securely  held  in  place 
until  the  concrete  has  set. 

Where  hooping  is  used,  the  total  amount  of  such  reinforcement 
shall  be  not  less  than  1%  of  the  volume  of  the  column,  enclosed.  The 
clear  spacing  of  such  hooping  shall  be  not  greater  than  one-sixth  the 
diameter  of  the  enclosed  column,  and  preferably  not  greater  tlian  one- 
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tenth,  and  in  no  case  more  than  2^  in.  Hooping  is  to  be  circular  and 
the  ends  of  bands  must  be  united  in  such  a  way  as  to  develop  their 
full  strength.  Adequate  means  must  be  provided  to  hold  bands  or 
hoops  in  place  so  as  to  form  a  column,  the  core  of  which  shall  be 
straight  and  well  centered.  The  strength  of  hooped  columns  depends 
very  much  upon  the  ratio  of  length  to  diameter  of  hooped  core,  and 
the  strength  due  to  hooping  decreases  rapidly  as  this  ratio  increases 
beyond  five.  The  working  stresses  recommended  are  for  hooped 
columns  with  a  length  of  not  more  than  ten  diameters  of  the  hooped 
core.  The  Committee  has  no  recommendation  to  make  for  a  formula 
for  working  stresses  for  columns  longer  than  ten  diameters. 

Bending  stresses  due  to  eccentric  loads,  such  as  unequal  spans  of 
beams,  and  to  lateral  forces,  must  be  provided  for  by  increasing  the 
section  until  the  maximum  stress  does  not  exceed  the  values  above 
specified.  Where  tension  is  possible  in  the  longitudinal  bars  of  the 
column,  adequate  connection  between  the  ends  of  the  bars  must  be 
provided  to  take  this  tension. 

10.      REINFORCING  FOR  SHRINKAGE  AND  TEMPERATURE  STRESSES. 

^Hien  areas  of  concrete  too  large  to  expand  and  contract  freely  as 
a  whole  are  exposed  to  atmospheric  conditions,  the  changes  of  form 
due  to  shrinkage  and  to  action  of  temperature  are  such  that  cracks 
may  occur  in  the  mass  unless  precautions  are  taken  to  distribute  the 
stresses  so  as  to  prevent  the  cracks  altogether  or  to  render  them  very 
small.  The  distance  apart  of  the  cracks,  and  consequently  their  size, 
will  be  directly  proportional  to  the  diameter  of  the  reinforcement  and 
to  the  tensile  strength  of  the  concrete,  and  inversely  proportional  to 
the  percentage  of  reinforcement  and  also  to  its  bond  resistance  per  unit 
of  surface  area.  To  be  most  effective,  therefore,  reinforcement  (in 
amount  generally  not  less  than  one-third  of  1%  of  the  gross  area)  of  a 
form  which  will  develop  a  high  bond  resistance  should  be  placed  near 
the  exposed  surface  and  be  well  distributed.  Where  openings  occur 
the  area  of  cross-section  of  the  reinforcement  should  not  be  reduced. 
The  allowable  size  and  spacing  of  cracks  depends  on  various  consider- 
ations, such  as  the  necessity  for  water-tightness,  the  importance  of 
appearance  of  the  surface,  and  the  atmospheric  changes. 

The  tendency  of  concrete  to  shrink  makes  it  necessary,  except  where 
expansion  is  provided  for,  to  thoroughly  connect  the  component  parts 
of  the  frame  of  articulated  structures,  such  as  floor  and  wall  members 
in  buildings,  by  the  use  of  suitable  reinforcing  material.  The  amount 
of  reinforcement  for  such  connection  should  bear  some  relation  to  the 
size  of  the  members  connected,  larger  and  heavier  members  requiring 
stronger  connections.  The  reinforcing  bars  should  be  extended  beyond 
the  critical  section  far  enough,  or  should  be  sufficiently  anchored  to 
develop  their  full  tensile  strength. 
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11.      FLAT    SLAB. 

The  continuous  flat  slab  reinforced  in  two  or  more  directions  and 
built  monolithically  with  the  supporting  columns  (without  beams  or 
girders)  is  a  type  of  construction  which  is  now  extensively  used  and 
which  has  recognized  advantages  for  certain  types  of  structures  as, 
for  example,  warehouses  in  which  large,  open  floor  space  is  desired. 
In  its  construction,  there  is  excellent  opportunity  for  inspecting  the 
position  of  the  reinforcement.  The  conditions  attending  depositing 
and  placing  of  concrete  are  favorable  to  securing  uniformity  and 
soundness  in  the  concrete.  The  recommendations  in  the  following 
paragraphs  relate  to  flat  slabs  extending  over  several  rows  of  panels 
in  each  direction.     Necessarily  the  treatment  is  more  or  less  empirical. 

The  coefficients  and  moments  given  relate  to  uniformly  distributed 
loads. 

(a)  Column  Capital. — It  is  usual  in  flat  slab  construction  to 
enlarge  the  supporting  columns  at  their  top,  thus  forming  column 
capitals.  The  size  and  shape  of  the  column  capital  affect  the  strength 
of  the  structure  in  several  ways.  The  moment  of  the  external  forces 
which  the  slab  is  called  upon  to  resist  is  dependent  upon  the  size  of 
the  capital;  the  section  of  the  slab  immediately  above  the  upper 
periphery  of  the  capital  carries  the  highest  amount  of  punching  shear; 
and  the  bending  moment  developed  in  the  column  by  an  eccentric  or 
unbalanced  loading  of  the  slab  is  greatest  at  the  under  surface  of  the 
slab.  Generally,  the  horizontal  section  of  the  column  capital  should 
be  round  or  square  with  rounded  corners.  In  oblong  panels  the  sec- 
tion may  be  oval  or  oblong,  with  dimensions  proportional  to  the  panel 
dimensions.  For  computation  purposes,  the  diameter  of  the  column 
capital  will  be  considered  to  be  measured  where  its  vertical  thickness 
is  at  least  H  in.,  provided  the  slope  of  the  capital  below  this  point 
nowhere  makes  an  angle  with  the  vertical  of  more  than  45  degrees. 
In  case  a  cap  is  placed  above  the  column  capital,  the  part  of  this  cap 
within  a  cone  made  by  extending  the  lines  of  the  column  capital 
upward  at  the  slope  of  45°  to  the  bottom  of  the  slab  or  dropped  panel 
may  be  considered  as  part  of  the  column  capital  in  determining  the 
diameter  for  design  purposes.  Without  attempting  to  limit  the  size 
of  the  column  capital  for  special  cases,  it  is  recommended  that  the 
diameter  of  the  column  capital  (or  its  dimension  parallel  to  the  edge  of 
the  panel)  generally  be  made  not  less  than  one-fifth  of  the  dimension 
of  the  panel  from  center  to  center  of  adjacent  columns.  A  diameter 
equal  to  0.225  of  the  panel  length  has  been  used  quite  widely  and 
acceptably.  For  heavy  loads  or  large  panels,  especial  attention  should 
be  given  to  designing  and  reinforcing  the  column  capital  with  respect 
to  compressive  stresses  and  bending  moments.  In  the  case  of  heavy 
loads  or  large  panels,  and  where  the  conditions  of  the  panel  loading 
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or  variations  in  panel  length  or  other  conditions  cause  high  bending 
stresses  in  the  column,  and  also  for  column  capitals  smaller  than  the 
size  herein  recommended,  especial  attention  should  be  given  to  design- 
ing and  reinforcing  the  column  capital  with  respect  to  compression 
and  to  rigidity  of  connection  to  floor-slab. 

(h)  Dropped  Panel. — In  one  type  of  construction  the  slab  is  thick- 
ened throughout  an  area  surrounding  the  column  capital.  The  square 
or  oblong  of  thickened  slab  thus  formed  is  called  a  dropped  panel  or  a 
drop.  The  thickness  and  the  width  of  the  dropped  panel  may  be 
governed  by  the  amount  of  resisting  moment  to  be  provided  (the 
compressive  stress  in  the  concrete  being  dependent  upon  both  thick- 
ness and  width),  or  its  thickness  may  be  governed  by  the  resistance 
to  shear  required  at  the  edge  of  the  column  capital  and  its  width  by 
the  allowable  compressive  stresses  and  shearing  stresses  in  the  thinner 
portion  of  the  slab  adjacent  to  the  dropped  panel.  Generally,  however, 
it  is  recommended  that  the  width  of  the  dropped  panel  be  at  least 
four-tenths  of  the  corresponding  side  of  the  panel  as  measured  from 
center  to  center  of  columns,  and  that  the  offset  in  thickness  be  not 
more  than  five-tenths  of  the  thickness  of  the  slab  outside  the  dropped 
panel. 

(c)  Slab  Thickness. — In  the  design  of  a  slab,  the  resistance  to 
bending  and  to  shearing  forces  will  largely  govern  the  thickness,  and, 
in  the  case  of  large  panels  with  light  loads,  resistance  to  deflection 
may  be  a  controlling  factor.  The  following  formulas  for  minimum 
thicknesses  are  recommended  as  general  rules  of  design  when  the 
diameter  of  the  column  capital  is  not  less  than  one-fifth  of  the  dimen- 
sion of  the  panel  from  center  to  center  of  adjacent  columns,  the  larger 
dimension  being  used  in  the  case  of  oblong  panels.     For  notation,  let 

t  =  total  thickness  of  slab,  in  inches ; 
L  =  panel  length,  in  feet ; 
w  =  sum  of  live  load  and  dead  load,  in  pounds  per  square  foot. 

Then,  for  a  slab  without  dropped  panels, 

minimum  t  =  0.024  L   s/w-i-l^; 

for  a  slab  with  dropped  panels, 

minimum  t  =  0.02  L  v  w  -f  1  ; 
for  a  dropped  panel  whose  width  is  four-tenths  of  the  panel  length, 

minimum  t  =  0.03  L  i\  \o  -\-  1^. 

In  no  case  should  the  slab  thickness  be  made  less  than  6  in.,  nor 
should  the  thickness  of  a  floor-slab  be  made  less  than  one-thirty- 
second  of  the  panel  length,  nor  the  thickness  of  a  roof  slab  less  than 
one-fortieth  of  the  panel  length. 
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(d)  Bending  and  Resisting  Moments  in  Slabs. — If  a  vertical  sec- 
tion of  a  slab  be  taken  across  a  panel  along  a  line  midway  between 
columns,  and  if  another  section  be  taken  along  an  edge  of  the  panel 
parallel  to  the  first  section,  but  skirting  the  part  of  the  periphery  of 
the  column  capitals  at  the  two  corners  of  the  panels,  the  moment  of 
the  couple  formed  by  the  external  load  on  the  half  panel,  exclusive  of 
that  over  the  column  capital  (sum  of  dead  and  live  loads)  and  the 
resultant  of  the  external  shear  or  reaction  at  the  support  at  the  two 
column  capitals  (see  Fig.  1),  may  be  found  by  ordinary  static  analysis. 
It  will  be  noted  that  the  edges  of  the  area  here  considered  are  along 
lines  of  zero  shear,  except  around  the  column  capitals.  This  moment 
of  the  external  forces  acting  on  the  half  panel  will  be  resisted  by  the 
numerical  sum  of  (a)  the  moment  of  the  internal  stresses  at  the  section 
of   the   panel   midway  between    cohimns    (positive   resisting    moment) 


V 


^Position  of  resultant  ! 
of  shear  on  quarter  | 
peripheries  of  two  I 
column  capitals.         I 


Center  of  gravity  of 
load  on  half  panel. 
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Fig.  1. 


and  (&)  the  moment  of  the  internal  stresses  at  the  section  referred  to 

at  the  end  of  the  panel  (negative  resisting  moment).     In  the  curved 

portion  of  the   end  section    (that   skirting  the  column),   the   stresses 

considered  are  the  components  which  act  parallel  to  the  normal  stresses 

on  the  straight  portion  of  the  section.     Analysis   shows   that,  for   a 

uniformly  distributed  load,  and  round  columns,  and  square  panels,  the 

numerical  sum  of  the  positi^'e  moment  and  the  negative  moment  at 

the  two  sections  named  is  given  quite  closely  by  the  equation 

1  /  2     \  2 

If   =  —  wl    (l c)   . 

S  V  3     / 

In  this  formula  and  in  those  which  follow  relating  to  oblong  panels, 

w  =  Sum  of  the  live  and  dead  loads  per  unit  of  area ; 

I  =  Side  of  a  square  panel  measured  from  center  to  center 

of  columns; 
Zj  =  One  side  of  the  oblong  panel  measured  from  center 

to  center  of  columns; 
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l.^  =  Other   side   of   oblong   panel   measured   in   the    same 

way; 
c  =  Diameter  of  the  column  capital ; 
Mj.  =  Numerical    sum    of    positive    moment    and    negative 

moment  in  one  direction ; 
My  =  Numerical    sum    of    positive    moment    and    negative 
moment  in   the  other  direction. 

(See  paper  and  closure,  "Statical  Limitations  upon  the  Steel  Requirement  in 
Reinforced  Concrete  Flat  Slab  Floors",  by  John  R.  Nichols,  Jun.  Am.  Soc.  C.  E., 
Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVII.) 

For  oblong  panels,  the  equation  for  the  numerical  sum  of  the  posi- 
tive moment  and  the  negative  moment  at  the  two  sections  named 
becomes 

2     -   2 


1  /  2  \ 

8  '   V  '  3  / 

1  /  2  \ 

y        8  '   V  3  / 
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where  M^  is  the  numerical  sum  of  the  positive  moment  and  the  nega- 
tive moment  for  the  sections  parallel  to  the  dimension,  l^,  and  My 
is  the  numerical  sum  of  the  positive  moment  and  the  negative  moment 
for  the  sections  parallel  to  the  dimension,  l^. 

What  proportion  of  the  total  resistance  exists  as  positive  moment 
and  what  as  negative  moment  is  not  readily  determined.  The  amount 
of  the  positive  moment  and  that  of  the  negative  moment  may  be 
expected  to  vary  somewhat  with  the  design  of  the  slab.  It  seems 
proper,  however,  to  make  the  division  of  total  resisting  moment  in 
the  ratio  of  three-eighths  for  the  positive  moment  to  five-eighths  for 
the  negative  moment. 

With  reference  to  variations  in  stress  along  the  sections,  it  is  evi- 
dent from  conditions  of  flexure  that  the  resisting  moment  is  not  dis- 
tributed uniformly  along  either  the  section  of  positive  moment  or 
that  of  negative  moment.  As  the  law  of  the  distribution  is  not  known 
definitely,  it  will  be  necessary  to  make  an  empirical  apportionment 
along  the  sections;  and  it  will  be  considered  sufficiently  accurate 
generally  to  divide  the  sections  into  two  parts  and  to  use  an  average 
value  over  each  part  of  the  panel  section. 

The  relatively  large  breadth  of  structure  in  a  flat  slab  makes  the 
effect  of  local  variations  in  the  concrete  less  than  would  be  the  case  for 
narrow  members  like  beams.  The  tensile  resistance  of  the  concrete 
is  less  affected  by  cracks.  Measurements  of  deformations  in  buildings 
under  heavy  load  indicate  the  presence  of  considerable  tensile  resistance 
in  the  concrete,  and  the  presence  of  this  tensile  resistance  acts  to  decrease 
the  intensity  of  the  compressive  stresses.  It  is  believed  that  the  use 
of  moment  coefficients  somewhat  less  than  those  given  in  a  preceding 
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paragraph  as  derived  by  analysis  is  warranted,  the  calcuhitions  of 
resisting  moment  and  stresses  in  concrete  and  reinforcement  being 
made  according  to  the  assumptions  specified  in  this  report  and  no 
change  being  made  in  the  values  of  the  working  stresses  ordinarily 
used.  Accordingly,  the  values  of  the  moments  which  are  recommended 
for  use  are  somewhat  less  than  those  derived  by  analysis.  The  values 
given  may  be  used  when  the  column  capitals  are  round,  oval,  square, 
or  oblong. 

(e)  Names  for  Movnent  Sections.- — For  convenience,  that  portion 
of  the  section  across  a  panel  along  a  line  midway  between  columns 
which  lies  within  the  middle  two  quarters  of  the  width  of  the  panel 
(HI,  Fig.  2)  will  be  called  the  inner  section,  and  that- portion  in  the 
two  outer  quarters  of  the  width  of  the  panel  (GH  and  IJ,  Fig.  2)  will 
be  called  the  outer  sections.  Of  the  section  which  follows  a  panel 
edge  from  column  capital  to  column  capital  and  which  includes  the 
quarter  peripheries  of  the  edges  of  two  column  capitals,  that  portion 
within  the  middle  two  quarters  of  the  panel  width  (CD,  Fig.  2)  will 
be  called  the  mid-section,  and  the  two  remaining  portions  (ABC  and 
DEF,  Fig.  2),  each  having  a  projected  width  equal  to  one-fourth  of 
the  panel  width,  will  be  called  the  column-head  sections. 

(/)  Positive  Moment. — For  a  square  interior '  panel,  it  is  recom- 
mended that  the  positive  moment  for  a  section  in  the  middle  of  a 

1  /  2x2 

panel  extending  across   its  width  be    taken   as     or  '*^'^    (  ^  —  "^  ^  )    • 

Of  this  moment,  at  least  25%  should  be  provided  for  in  the  inner  sec- 
tion; in  the  two  outer  sections  of  the  panel  at  least  55%  of  the  specified 
moment  should  be  provided  for  in  slabs  not  having  dropped  panels, 
and  at  least  60%  in  slabs  having  dropped  panels,  except  that  in  cal- 
culations to  determine  necessary  thickness  of  slab  away  from  the 
dropped  panel  at  least  70%  of  the  positive  moment  should  be  considered 
as  acting  in  the  two  outer  sections. 

(g)  Negative  Moment. — For  a  square  interior  panel,  it  is  recom- 
mended that  the  negative  moment  for  a  section  which  follows  a  panel 
edge  from  column  capital  to  column  capital  and  which  includes  the 
quarter  peripheries  of  the  edges  of  the  two  column  capitals  (the  sec- 
tion altogether  forming  the  projected  width  of  the  panel)  be  taken  as 
1  /  2     \2 

--  wl  il  —  ";r  c  )  Of  this  negative  moment,  at  least  20%  should  be 
15  \  3     / 

provided  for  in  the  mid-section  and  at  least  65%  in  the  two  colunm- 
head  sections  of  the  panel,  except  that  in  slabs  having  dropped  panels  at 
least  W0%  of  the  specified  negative  moment  should  be  provided  for  in 
the  two  column-head  sections  of  the  panel. 

(h)  Mom,ents  for  Ohlong  Panels. — When  the  length  of  a  panel  does 
not  exceed  the  breadth  by  more  than  5%,  computation  may  be  made 
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on  the  basis  of  a  square  panel  with  sides  equal  to  the  mean  of  the 
length  and  the  breadth. 

When  the  long  side  of  an  interior  oblong  panel  exceeds  the  short 
side  by  more  than  one-twentieth  and  by  not  more  than  one-third  of 
the  short  side,  it  is  recommended  that  the  positive  moment  be  taken  as 

1  /  2     \  '^ 

—  ?oL   I  ^  —  —  c  I    on   a   section    parallel    to    the    dimension,    L,   and 
25      ^   V  3     /  - 

1  /  2     \  2 

—  wL    (  L  —  —  c)     on  a  section  parallel  to  the  dimension,  h  ;  and  that 
25      ^   V  ^         3    /  ^  ^ 

1  /  2     x'^ 

the  negative  moment  be  taken  as  —  wL   I  L  —  — •  c  )     on  a  section  at 
°  15      ^    \  '         3     / 

the     edge    of    the    panel    corresponding    to    the     dimension,    l^,    and 

1  /  2     \  '^ 

—  wl.    I  L  —  —  c  I     at  a  section  in  the  other  direction.     The  limitations 
15      ^    V^         3     / 

of   the   apportionment   of   moment   between   inner   section    and   outer 

section  and  between  mid-section  and  column-head  sections  may  be  the 

same  as  for  square  panels. 

{%)  Wall  Panels. — The  coefficient  of  negative  moment  at  the  first 
row  of  columns  away  from  the  wall  should  be  increased  20%  over  that 
required  for  interior  panels,  and  likewise  the  coefficient  of  positive 
moment  at  the  section  half  way  to  the  wall  should  be  increased  by 
20  per  cent.  If  girders  are  not  provided  along  the  wall,  or  the  slab 
does  not  project  as  a  cantilever  beyond  the  column  line,  the  reinforce- 
ment parallel  to  the  wall  for  the  negative  moment  in  the  column-head 
section  and  for  the  positive  moment  in  the  outer  section  should  be 
increased  by  20  per  cent.  If  the  wall  is  carried  by  the  slab,  this  con- 
centrated load  should  be  provided  for  in  the  design  of  the  slab.  The 
coefficient  of  negative  moments  at  the  wall  to  take  bending  in  the 
direction  perpendicular  to  the  wall  line  may  be  determined  by  the 
conditions  of  restraint  and  fixedness  as  found  from  the  relative  stiff- 
ness of  columns  and  slab,  but  in  no  case  should  it  be  taken  as  less  than 
one-half  of  that  for  interior  panels. 

(j)  Reinforcement. — In  the  calculation  of  moments,  all  the  rein- 
forcing bars  which  cross  the  section  under  consideration  and  which 
fulfill  the  requirements  given  under  Paragraph  (I)  of  this  chapter  may 
be  used.  For  a  column-head  section,  reinforcing  bars  parallel  to  the 
straight  portion  of  the  section  do  not  contribute  to  the  negative  resist- 
ing moment  for  the  column-head  section  in  question.  In  the  case  of 
four -way  reinforcement,  the  sectional  area  of  the  diagonal  bars  mul- 
tiplied by  the  sine  of  the  angle  between  the  diagonal  of  the  panel  and 
the  straight  portion  of  the  section  under  consideration  may  be  taken 
to  act  as  reinforcement  in  a  rectangular  direction. 

(A-)  Point  of  Inflection. — For  the  purpose  of  making  calculations 
of  moments  at  sections  awav  from  the  sections  of  negative  moment 
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and  positive  moment  already  specified,  the  point  of  inflection  on  any 
line  parallel  to  a  panel  edge  may  be  taken  as  one-fifth  of  the  clear 
distance  on  that  line  between  the  two  sections  of  negative  moment 
at  the  opposite  ends  of  the  panel  indicated  in  Paragraph  (e)  of  this 
chapter.  For  slabs  having  dropped  panels,  the  coefficient  of  one-fourth 
should  be  used  instead  of  one-fifth. 

(Z)  Arrangement  of  Reinforcement. — The  design  should  include 
adequate  provision  for  securing  the  reinforcement  in  place,  so  as  to 
take,  not  only  the  maximum  moments,  but  the  moments  at  inter- 
mediate sections.  All  bars  in  rectangular  bands  or  diagonal  bands 
should  extend  on  each  side  of  a  section  of  maximum  moment,  either 
positive  or  negative,  to  points  at  least  twenty  diameters  beyond  the 
point  of  inflection,  as  defined  herein,  or  be  hooked  or  anchored  at 
the  point  of  inflection.  In  addition  to  this  provision,  bars  in  diagonal 
bands  used  as  reinforcement  for  negative  moment  should  extend  on 
each  side  of  a  line  drawn  through  the  column  center  at  right  angles 
to  the  direction  of  the  band  at  least  a  distance  equal  to  thirty-five  one- 
hundredths  of  the  panel  length,  and  bars  in  diagonal  bands  used  as 
reinforcement  for  positive  moment  should  extend  on  each  side  of  a 
diagonal  through  the  center  of  the  panel  at  least  a  distance  equal  to 
thirty -five  one-hundredths  of  the  panel  length ;  and  no  splice  by  lapping 
should  be  permitted  at  or  near  regions  of  maximimi  stress,  except 
as  just  described.  Continuity  of  reinforcing  bars  is  considered  to 
have  advantages,  and  it  is  recommended  that  not  more  than  one- 
third  of  the  reinforcing  bars  in  any  direction  be  made  of  a  length 
less  than  the  distance  center  to  center  of  columns  in  that  direction. 
Continuous  bars  should  not  all  be  bent  up  at  the  same  point  of 
their  length,  but  the  zone  in  which  this  bending  occurs  should  extend 
on  each  side  of  the  assumed  point  of  inflection,  and  should  cover  a 
width  of  at  least  one-fifteenth  of  the  panel  length.  Mere  draping  of 
the  bars  should  not  be  permitted.  In  four-way  reinforcement,  the 
position  of  the  bars  in  both  diagonal  and  rectangular  directions  may 
be  considered  in  determining  whether  the  width  of  zone  of  bending 
is  sufficient. 

(m)  Reinforcement  at  Construction  Joints. — It  is  recommended 
that  at  construction  joints  extra  reinforcing  bars  equal  in  section 
to  20%  of  the  amount  necessary  to  meet  the  requirements  for  moments 
at  the  section  where  the  joint  is  made  be  added  to  the  reinforcement, 
these  bars  to  extend  not  less  than  fifty  diameters  beyond  the  joint 
on  each  side. 

(n)  Tensile  and  Com,pressive  Stresses. — -The  usual  method  of  calcu- 
lating the  tensile  and  compressive  stresses  in  the  concrete  and  in 
the  reinforcement,  based  on  the  assumptions  for  internal  stresses 
given  in  this  chapter,  should  be  followed.  In  the  case  of  the  dropped 
panel,  the  section  of  the  slab  and  dropped  panel  may  be  considered 
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to  act  integrally  for  a  width  equal  to  the  width  of  the  column-head 
section. 

,(o)  Provision  for  Diagonal  Tension  and  Shear. — In  calculations 
for  the  shearing  stress  which  is  to  be  used  as  the  means  of  measur- 
ing the  resistance  to  diagonal  tension  stress,  it  is  recommended  that 
the  total  vertical  shear  on  two  column-head  sections  constituting  a 
width  equal  to  one-half  the  lateral  dimension  of  the  panel,  for  use 
in  the  formula  for  determining  critical  shearing  stresses,  be  con- 
sidered to  be  one-fourth  of  the  total  dead  and  live  loads  on  a  panel 
for  a  slab  of  uniform  thickness,  and  to  be  three-tenths  of  the  sum 
of  the  dead  and  live  loads  on  a  panel  for  a  slab  with  dropped  panels. 
The  formula  for  shearing  unit  stress  given  in  the  Appendix  to  this 

0.25  W 
report  may  then  be  written  v  =      ,   .  ,     for  slabs  of  uniform  thickness, 
'■  -^  bj  d 

0.30  W 

and  V  =  — for    slabs  with  dropped  panels,  where  W  is  the  sum 

b  j  (J 

of  the  dead  and  live  loads  on  a  panel,  h  is  half  the  lateral  dimension 

of  the  panel  measured  from  center  to  center  of  columns,   and  jd  is 

the  lever  arm  of  the  resisting  couple  at  the  section. 

The  calculation  of  what  is  commonly  called  punching  shear  may 
be  made  on  the  assumption  of  a  uniform  distribution  over  the  section 
of  the  slab  around  the  periphery  of  the  column  capital  and  also 
of  a  uniform  distribution  over  the  section  of  the  slab  around  the 
periphery  of  the  dropped  panel,  using  in  each  ease  an  amount  of 
vertical  shear  greater  by  25%  than  the  total  vertical  shear  on  the 
section  under  consideration. 

The  values  of  working  stresses  should  be  those  recommended  for 
diagonal  tension  and  shear  in  Chapter  VIII,  Section  5. 

(p)  Walls  and  Openings. — Girders  or  beams  should  be  constructed 
to  carry  walls  and  other  concentrated  loads  which  are  in  excess  of  the 
working  capacity  of  the  slab.  Beams  should  also  be  provided  in 
case  openings  in  the  floor  reduce  the  working  strength  of  the  slab 
below  the  required  carrying  capacity. 

(g)  Unusual  Panels. — The  coefficients,  apportionments,  and  thick- 
nesses recommended  are  for  slabs  which  have  several  rows  of  panels 
in  each  direction,  and  in  which  the  size  of  the  panels  is  approximately 
the  same.  For  structures  having  a  width  of  one,  two,  or  three  panels, 
and  also  for  slabs  having  panels  of  markedly  different  sizes,  an  analysis 
should  be  made  of  the  moments  developed  in  both  slab  and  columns, 
and  the  values  given  herein  modified  accordingly.  Slabs  with  paneled 
ceiling  or  with  depressed  paneling  in  the  floor  are  to  be  considered 
as   coming  under   the   recommendations   herein   given. 

(r)  Bending  Moments  in  Columns. — Provision  should  be  made 
in  both  wall  columns  and  interior  columns  for  the  bending  moment 
which  will  be  developed  by  unequallv  loaded  panels,  eccentric  loading, 
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or  uneven  spacing  of  columns.  The  amount  of  moment  to  be  taken 
by  a  column  will  depend  upon  the  relative  stiffness  of  columns  and 
slab,  and  computations  may  be  made  by  rational  methods,  such  as 
the  principle  of  least  work,  or  of  slope  and  deflection.  Generally, 
the  larger  part  of  the  unequalized  negative  moment  will  be  trans- 
mitted to  the  columns,  and  the  column  should  be  designed  to  resist 
this  bending  moment.  Especial  attention  should  be  given  to  wall 
columns  and  corner  columns. 

CHAPTEE  VIII. 

Working  Stresses. 

1.     general  assumptions. 

The  following  working  stresses  are  recommended  for  static  loads. 
Proper  allowances  for  vibration  and  impact  are  to  be  added  to  live 
loads  where  necessary  to  produce  an  equivalent  static  load  before 
applying  the  unit  stresses  in  proportioning  parts. 

In  selecting  the  permissible  working  stress  on  concrete,  the  designer 
should  be  guided  by  the  working  stresses  usually  allowed  for  other 
materials  of  construction,  so  that  all  structures  of  the  same  class  com- 
posed of  different  materials  may  have  approximately  the  same  degree 
of  safety. 

The  following  recommendations  as  to  allowable  stresses  are  given 
in  the  form  of  percentages  of  the  ultimate  strength  of  the  partic\ilar 
concrete  which  is  to  be  used;  this  ultimate  strength  is  that  developed 
at  an  age  of  28  days,  in  cylinders  8  in.  in  diameter  and  16  in.  long, 
of  the  consistency  described  in  Chapter  IV,  Section  2  (d),  made 
and  stored  under  laboratory  conditions.  In  the  absence  of  definite 
knowledge  in  advance  of  construction  as  to  just  what  strength  may 
be  expected,  the  Committee  submits  the  following  values  as  those 
which  should  be  obtained  with  materials  and  workmanship  in  accord- 
ance with  the  recommendations  of  this  report. 

Although  occasional  testa  may  show  higher  results  than  those 
here  given,  the  Committee  recommends  that  these  values  should  be 
the  maximum  used  in  design. 

Table  op  Compressive  Strengths  of  Different  Mixtures  op  Concrete. 
(In  Pounds  per  Square  Inch.) 

Aggregate  1:3*  1:4^*  1:6*  1:7^*  1:9* 

Granite,  trap  rock 3  300  2  800  2  200  1800  1400 

Gravel,    hard   limestone    and   hard 

sandstone 3  000  2  500  2  000  1600  1300 

Soft  limestone  and  sandstone 2  200  1  800  1  500  1  200  1  000 

Cinders   800  700  600  500  400 

Note. — For  variations  In  the  moduli  of  elasticity  see  Chapter  VIII,  Section  8. 
•  Combined  volume  fine  and  coaree  aggregate  measured  separately. 
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2.      BEARING. 

When  compression  is  applied  to  a  surface  of  concrete  of  at  least 
twice  the  loaded  area,  a  stress  of  35%  of  the  compressive  strength 
may  be  allowed  in  the  area  actually  under  load. 

3.      AXIAL    COMPRESSION. 

For  concentric  compression  on  a  plain  concrete  pier,  the  length 
of  which  does  not  exceed  four  diameters,  or  on  a  column  reinforced 
with  longitudinal  bars  only,  the  length  of  which  does  not  exceed 
twelve  diameters,  22.5%  of  the  compressive  strength  may  be  allowed. 

For  other  forms  of  colimans,  the  stresses  obtained  from  the  ratios 
given  in  Chapter  VII,  Section  9,  may  govern. 

4.      COMPRESSION    IN    EXTREME     FIBER. 

The  extreme  fiber  stress  of  a  beam,  calculated  on  the  assumption 
of  a  constant  modulus  of  elasticity  for  concrete  under  working  stresses 
may  be  allowed  to  reach  32.5%  of  the  compressive  strength.  Adjacent 
to  the  support  of  continuous  beams,  stresses  15%  higher  may  be 
used. 

5.      SHEAR  AND  DIAGONAL   TENSION. 

In  calculations  on  beams  in  which  the  maximum  shearing  stress 
in  a  section  is  used  as  the  means  of  measuring  the  resistance  to 
diagonal  tension  stress,  the  following  allowable  values  for  the  maximum 
vertical  shearing  stress  in  concrete,  calculated  by  the  method  given 
in  the  Appendix,  Formula  22,  are  recommended: 

(a)  For  beams  with  horizontal  bars  only  and  without  web  rein- 
forcement,  2%    of  the   compressive   strength. 

(&)  For  beams  with  web  reinforcement  consisting  of  vertical  stirrups 
looped  about  the  longitudinal  reinforcing  bars  in  the  tension  side 
of  the  beam  and  spaced  horizontally  not  more  than  one-half  the  depth 
of  the  beam;  or  for  beams  in  which  longitudinal  bars  are  bent  up 
at  an  angle  of  not  more  than  45°  or  less  than  20°  with  the  axis  of 
the  beam,  and  the  points  of  bending  are  spaced  horizontally  not 
more  than  three-quarters  of  the  depth  of  the  beam  apart,  not  to 
exceed  4J%  of  the  compressive  strength. 

(c)  For  a  combination  of  bent  bars  and  vertical  stirrups  looped 
about  the  reinforcing  bars  in  the  tension  side  of  the  beam  and  spaced 
horizontally  not  more  than  one-half  of  the  depth  of  the  beam,  5% 
of  the  compressive  strength. 

(d)  For  beams  with  web  reinforcement  (either  vertical  or  inclined) 
securely  attached,  to  the  longitudinal  bars  in  the  tension  side  of 
the  beam  in  such  a  way  as  to  prevent  slipping  of  bar  past  the 
stirrup,  and  spaced  horizontally  not  more  than  one-half  of  the  depth 
of  the  beam  in  ease  of  vertical  stirrups  and  not  more  than  three- 
fourths  of  the  depth  of  the  beam  in  the  case  of  inclined  members. 
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either  with  longitudinal  bars  bent  up  or  not,  0%  of  the  compressive 
strength. 

The  web  reinforcement  in  case  any  is  used  should  be  proportioned 
by  using  two-thirds  of  the  external  vertical  shear  in  Formulas  24  or 
25  in  Chapter  X.  The  effect  of  longitudinal  bars  bent  up  at  an 
angle  of  from  20  to  45°  with  the  axis  of  the  beam,  may  be  taken  at 
sections  of  the  beam  in  which  the  bent  up  bars  contribute  to  diagonal 
tension  resistance,  as  defined  under  Chapter  VII,  Section  8,  as  reducing 
the  shearing  stresses  to  be  otherwise  provided  for.  The  amount  of 
reduction  of  the  shearing  stress  by  means  of  bent  up  bars  will  depend 
upon  their  capacity,  but  in  no  case  should  be  taken  as  greater  than 
4:i%  of  the  compressive  strength  of  the  concrete  over  the  effective 
cross-section  of  the  beam  (Formula  22).  The  limit  of  tensile  stress 
in  the  bent  up  portion  of  the  bar  calculated  by  Formula  25,  using 
in  this  formula  an  amount  of  total  shear  corresponding  to  the  reduC' 
tion  in  shearing  stress  assmned  for  the  bent  up  bars,  may  be  taken 
as  specified  for  the  working  stress  of  steel,  but  in  the  calculations 
the  stress  in  the  bar  due  to  its  part  as  longitudinal  reinforcement 
of  the  beam  should  be  considered.  The  stresses  in  stirrups  and  inclined 
members  when  combined  with  bent  up  bars  are  to  be  determined  by 
finding  the  amount  of  the  total  shear  which  may  be  allowed  by  reason 
of  the  bent  up  bars,  and  subtracting  this  shear  from  the  total  external 
vertical  shear.  Two-thirds  of  the  remainder  will  be  the  shear  to 
be  carried  by  the  stirrups,  using  Formulas  24  or  25  in  the  Appendix. 

Where  punching  shear  occurs,  provided  the  diagonal  tension  require- 
ments are  met,  a  shearing  stress  of  6%  of  the  compressive  strength 
may  be  allowed. 

6.      BOND. 

The  bond  stress  between  concrete  and  plain  reinforcing  bars  may 
be  assmned  at  4%  of  the  compressive  strength,  or  2%  in  the  case 
of  drawn  wire.  In  the  best  types  of  deformed  bar,  the  bond  stress 
may  be  increased,  but  not  to  exceed  5%  of  the  compressive  strength 
of  the  concrete. 

7.      REINFORCEMENT. 

The  tensile  or  compressive  stress  in  steel  should  not  exceed  16  000 
lb.  per  sq.   in. 

In  structural  steel  members,  the  working  stresses  adopted  by  the 
American  Railway  Engineering  Association  are  recommended. 

8.     MODULUS  OF  ELASTICITY. 

The  value  of  the  modulus  of  elasticity  of  concrete  has  a  wide 
range,  depending  on  the  materials  used,  the  age,  the  range  of  stresses 
between  which  it  is  considered,  as  well  as  other  conditions.  It  is 
recommended  that,   in   computations  for  the  position  of  the  neutral 
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axis,  aud  for  the  resisting  moment  of  beams,  and  for  compression  of 
concrete  in  columns,  it  be  assumed  as: 

(a)   One-fortieth  that  of  steel,  when  the  strength  of  the  concrete 

is  taken  as  not  more  than  800  lb.  per  sq.  in. 
(h)  One-fifteenth  that  of  steel,  when  the  strength  of  the  concrete 
is  taken  as  greater  than  800  lb.  per  sq.   in.  and  less  than 
3 '200  lb.  per  sq.  in. 

(c)  One-twelfth  that  of  steel,  when  the  strength  of  the  concrete 

is  taken  as  greater  than  2  200  lb.  per  sq.  in.  and  less  than 
2  900  lb.  per  sq.   in.,  and 

(d)  One-tenth  that  of  steel,  when  the  strength  of  the  concrete  is 

taken  as  greater  than  2  900  lb.  per  sq.  in. 

Although  not  rigorously  accurate,  these  assumptions  will  give  safe 
results.  For  the  deflection  of  beams  which  are  free  to  move  longi- 
tudinally at  the  supports,  in  using  formulas  for  deflection  which  do  not 
take  into  account  the  tensile  strength  developed  in  the  concrete,  a 
modukis  of  one-eighth  of  that  of  steel  is  recommended. 

CHAPTER  IX. 

Conclusion. 
In  the  preparation  of  this  Final  Report,  21  members  have  taken  a 
more  or  less  active  part;  all  members  have  agreed  to  it  in  its  present 
form. 

The  Joint  Committee  acknowledges  its  indebtedness  to  its  sub- 
committee on  design.  Professors  Talbot,  Hatt,  and  Turneaure,  for 
their  invaluable  and  devoted  service. 

The  Joint  Committee  believes  that  there  is  a  great  advantage  in 
the  co-operation  of  the  representatives  of  different  technical  societies, 
and  trusts  that  a  similar  combination  of  effort  may  be  possible,  some 
time  in  the  future,  to  review  the  work  done  by  the  present  Commit- 
tee, and  to  embody  the  additional  knowledge  which  will  certainly  be 
obtained  from  further  experimentation  and  practical  experience  with 
this  important  material  of  construction.  ' 
Respectfully  submitted, 

Joseph  R.  Worcester,  Arthur  IST.  Talbot, 

Chairman.     William  B.  Fuller, 

Emil  Swensson,  ■     Edward  E.  Hughes, 

Vice-Chairman.    Albert  L.  Johnson, 

Richard  L.  Humphrey,  Gaetano  Lanza, 

Secretary.     Leon  S.  Moisseiff, 
John  E.  Greiner,  Henry  H.  Quimby, 

William  K.  Hatt,  Sanford  E.  Thompson, 

Olaf  Hoff.  Frederick  E.  Turneaure, 

Robert  W.  Lesley,  Samuel  Tobias  Wagner, 
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George  S.  Webster,  Eobekt  E.  Griffith, 

H.  A.  Cassil,  SrENCF.u  B.  Newberry, 

Frederick  E.  Schall,  Edwakd  Godfrey,* 

Fredekick  p.  Sisson,  Egbert  J.  Moore, 

Joseph  J.  Yates,  Leonard  C.  Wason. 
Norman  D.  Eraser, 

*  Mr.  Godfrey  dissents  from  the  portiou  of  the  Report  relating  to  stirrups  and 
their  treatment.  He  would  give  stirrups  and  short  shear  members  no  recognition,  for 
the  reason  that  he  holds  that  they  have  not  shown  themselves  to  have  any  definite 
value  in  tests,  and  that  analysis  fails  to  show  that  any  definite  value  can  be  ascribed 
to  them  ;  he  also  believes  that  dependence  on  stirrups  to  take  end  shear  has  resulted 
In  much  unsafe  construction  and  some  failures.  He  would  take  care  of  diagonal  ten- 
sion by  bending  up  some  of  the  main  reinforcing  rods  and  anchoring  them  for  their  full 
tensile  strength  beyond  the  edge  of  support.  He  recommends  that  bends  be  made  close 
to  the  supports  for  the  upper  bends  and  at  quarter  points  for  the  lower  bends  in  beams 
carrying  uniform  load.  For  girders  carrying  beams  bends  should  be  made  under  the 
beams.  For  anchorage  he  recommends  that  the  rod  should  extend  40  to  50  diameters 
beyond  the  point  where  it  intersects  a  line  drawn,  at  45°  with  the  horizontal,  from  the 
bottom  of  the  beam  at  the  face  of  the  support. 

He  recommends  that  the  stress  in  beut-up  rods  be  assumed  to  be  that  obtained  by 
multiplying  the  excess  of  shear  over  that  taken  by  the  concrete  (at  40  or  50  lb.  per 
sq.  in.)  by  the  secant  of  the  inclination  of  the  rod  with  the  vertical. 

Mr.  Godfrey  also  dissents  from  all  parts  of  the  Report  relating  to  rodded  columns, 
or  columns  having  longitudinal  rods  without  close-spaced  hooping,  for  the  reason  that 
he  holds  that  such  reinforcement  has  not  shown  itself  to  have  any  definite  value  in 
tests  on  columns,  and  that  analysis  fails  to  show  that  any  definite  value  can  be  ascribed 
to  it,  when  such  analysis  takes  into  account  the  necessity  for  toughness  in  all  columns  ; 
he  also  believes  that  dependence  on  such  reinforcement  has  led  to  much  unsafe  con- 
struction and  many  failures.  He  would  recognize  as  reinforced  concrete  columns  only 
such  columns  as  have  in  addition  to  the  longitudinal  rods  a  complete  system  of  close- 
spaced  hooping.  He  objects  to  the  reading  of  Chapter  VII,  Section  9,  Paragraph  (b) 
as  being  capable  of  interpretation  that  hooped  columns  are  given  an  advantage  in  the 
matter  of  unit  stresses  only  below  ten  diameters  in  height.  He  recommends  the 
standardization  of  hooped  columns,  and  suggests  that  columns  be  reinforced  by  a  coil 
or  hoops  of  round  steel  having  a  diameter  one-fortieth  of  that  of  the  external  diameter 
of  the  column  and  eight  upright  rods  wired  to  the  same,  the  pitch  of  the  coil  being 
one-eighth  of  the  column  diameter.  He  would  consider  available  for  resisting  com- 
pressive stress,  the  entire  area  of  the  concrete  of  a  circular  column  or  of  an  octagonal 
column,  but  no  part  of  the  longitudinal  rods  or  hooping.  In  a  square  column  only  83% 
of  the  area  of  concrete  would  be  considered  available.  The  compression  he  would 
recommend  on  columns  (for  2  000-lb.  concrete)  would  be: 

I 

P=  670 —  12    — 

d 

where  P  =  allowable  compression,  in  pounds  per  square  inch  ; 

I  =  length  of  column,  in  inches  ; 

d  =  diameter  of  column,  in  inches. 
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CHAPTER  X. 

Appendix. 

suggested  formulas  for 
reinforced  concrete  construction. 

These  formulas  are  based  on  the  assumptions  and  principles  given 
in  the  chapter  on  design. 

1.     Standard  Notation. 

(a)  Rectangular  Beams. 

The  following  notation  is  recommended: 

fg   =  tensile  unit  stress  in  steel ; 
fc   ==  compressive  unit  stress  in  concrete ; 
Eg  =  modulus  of  elasticity  of  steel ; 
Ef.  =  modulus  of  elasticity  of  concrete; 

M  =  moment  of  resistance,  or  bending  moment  in  general ; 

Ag  =■  steel  area; 

6    =  breadth  of  beam; 

d    =  depth  of  beam  to  center  of  steel ; 

k    =  ratio  of  depth  of  neutral  axis  to  depth,  d ; 

z     =  depth  below  top  to  resultant  of  the  compressive  stresses ; 

j     =  ratio  of  lever  arm  of  resisting  couple  to  depth,  d; 

jd  =  d  —  2  =  arm  of  resisting  couple ; 

p     =  steel  ratio  =  . 

(h)  T-B earns. 

h     =  width  of  flange ; 

h'   =  width  of  stem ; 

t     =  thickness  of  flange. 

(c)  Beams  Beinforced  for  Compression. 

A'  =  area  of  compressive  steel; 

p'   ^=  steel  ratio  for  compressive  steel ; 

fg'  =  compressive  ixnit  stress  in  steel; 

C    =  total  compressive  stress  in  concrete ; 

C"  =  total  compressive  stress  in  steel ; 

d'   =  depth  of  center  of  compressive  steel ; 

z     =  depth  to  resultant  of  C  and  C. 
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(d)  Shear,  Bond  and  Web  Reinforcement. 

V  =  total  shear; 

V'  =  total  shear  producina:  stress  in  reinforcement; 

V  =  shearing  unit  stress ; 

u     =  bond  stress  per  unit  area  of  bar ; 
0     =  circumference  or  perimeter  of  bar ; 
2o  =  sum  of  the  perimeters  of  all  bars ; 
'    T   =  total  stress  in  single  reinforcing  member ; 
s     =^  horizontal  spacing  of  reinforcing  members. 

(e)  Columns. 

A    =  total  net  area; 

J. 3  =:  area  of  longitudinal  steel; 

.4c  =  area  of  concrete; 

P   =  total  safe  load. 

2.     Formulas. 
(a)  Rectangular  Beams. 
Position  of  neutral  axis, 

^  =  V  2pn  +  (pny  —  pn 

Arm  of  resisting  couple, 
1   , 


(1) 


.?■  =  1 


3 


[fot/^  =  15  000  to  16  000  and  f^  =- 

7  n 
600  to  650,  j  may  be  taken  at  — . 

Fiber  stresses, 


/.= 


/, 


M 
2M 


M 

pjhd^ 


jkhcV  k 

Steel  ratio,  for  balanced  reinforcement 
1  1 


P  =  ^ 


(6)  T -Beams. 


.fr.      V«/.  / 


(5) 


Fig.  4. 
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Case  I.     When  the  neutral  axis  lies  in  the  flange,  use  the  formulas 

for  rectangular  beams. 

Case  II.     When  the  neutral  axis  lies  in  the  stem. 

The  following  formulas  neglect  the  compression  in  the  stem. 

Position  of  neutral  axis, 

2  ndA^.  +  ht^ 
kcl  = ^ (Q) 

2  nA,  +  2bt  ^^ 

Position  of  resultant  compression, 

3  kd  —  2t      t 

'  =  ^M^-J (7) 

Arm  of  resisting  couple, 

jd  =  d  —  z (8) 

Fiber  stresses, 

M 

^•  =  Ajl , (») 

Mkd  /,  k 

bt(kd  —  -  t)jd 

(For  approximate  results,  the  formulas  for  rectangular  beams  may 
be  used.) 

The  following  formulas  take  into  account  the  compression  in  the 
stem;  they  are  recommended  where  the  flange  is  small  compared  with 
the  stem: 

Position  of  neutral  axis, 

(2  ndA^  +  (6  —  b')  t^  piA^  +  (&  —  V)  t 


_  nA^  +  (b-h')t 

b'  ^     ^ 

Position  of  resultant  compression, 

2  1 

(kdt^  —  —  t^)b  +  l(kd  —  ty  («  +  —  (kd  —  t))}b' 

z  = - - . . .  a2) 

t(2  kd  —  t)b  +  (kd  —  tf  b'  ^     ^ 

Arm  of  resisting  couple, 

jd  =  d  —  z (13) 

Fiber  stresses, 

f=JL (14) 

^'       AJd  ^     ^ 

.  _  2  Mkd  , 

■^^  ~  [(2  kd  —  t)bt  +  (kd  —  tf  b'yd ^     -^ 


Papers.]  CONCRETE    AND   REINFORCED   CONCRETE 

(c)  Beams  Reinforced  for  Compression. 


170- 


Position  of  neutral  axis, 


k  ^  ^-^nfp  -\-  p'  Y^  +  n\p  +  p'f  —  n{p+  p'). 

Position  of  resultant  compression, 

•       4-  ^^f^  +  2  p'ncV  fk  —  ~\ 


(16) 


fc2 

Arm  of  resisting  couple, 
Fiber  stresses, 

fc  = 


(17) 


jd  =  d  —  z. 


6p'n 
M 


-'[»-*^+^(^-7)0-t)] 


Vjhd^ 


nfc 


d' 

~d 

1  —  k 


..(18) 
•  •  (19) 


k 


fj  =nf 


"         d 


k 


(d)  Shear,  Bond,  and  Weh  Reinforcement. 
For  rectangular  beams, 

F 


hjd' 


V 


jd  .  20 
For  approximate  results  J  may  be  taken  at  — . 


(20) 
(21) 

(22) 
(23) 
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The  stresses  in  web  reinforcement  may  be  estimated  by  means  of 
the  following  formulas: 

Vertical  web  reinforcement, 

T's 

^-ji ('^*> 

Bars  bent  up  at  angles  between  20  and  45°  with  the  horizontal 
and  web  members  inclined  at  45°, 

3    V's 

^  =  Tm <^=' 

In  the  text  of  the  report  it  is  recommended  that  two-thirds 
of  the  external  vertical  shear  (total  shear)  at  any  section  be  taken 
as  the  amount  of  total  shear  producing  stress  in  the  web  reinforce- 
ment,    y  therefore  equals  two-thirds  of  V. 

The  same  formulas  apply  to  beams  reinforced  for  compression  as 
regards  shear  and  bond  stress  for  tensile  steel. 

For  T-Beams, 

'-Wa ^'''> 

^=jrrwo <^^' 


For  approximate  results.;  may  be  taken  at  — . 


(e)  Columns. 

Total  safe  load, 

P  =  f,  (A,  -f  nAs)  =  fcAd  +  (n  —  Dp) (28) 

Unit  stresses, 

f  = (29) 

■''      A(l  -f  (n  —  l)p) 

fs  =  nh (30) 
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PEEFACE. 

In  presenting  this  report  to  the  Members  of  the  American  Society 
of  Civil  Engineers,  the  Committee  is  fully  alive  to  the  fact  that  the 
art  of  valuation  is  still  in  formative  condition,  as  is  evidenced  by  the 
conflicting  views  expressed,  or  principles  enunciated,  even  by  the 
higher  Courts.  That  debatable  subjects  arise  frequently,  and  will  con- 
tinue to  do  so,  is  indicated  by  the  record  of  the  Committee's  work 
incident  to  the  rendering  of  this  report,  for  in  spite  of  the  prior  knowl- 
edge of  its  members  on  this  subject,  and  professional  experience  in  it, 
five  years  have  elapsed  since  their  appointment,  in  which  forty-eight 
joint  meetings  have  been  held,  many  of  them  consisting  of  three  ses- 
sions, and  a  voluminous  correspondence  has  been  carried  on,  aggrega- 
ting thirteen  substantial  volumes. 

Nevertheless,  the  fact  that  nine  men  of  widely  different  training 
and  experience,  practising  in  different  professional  lines  and  fields, 
have  been  able  to  come  finally  to  common  belief  upon  most  of  the 
subjects  discussed — the  principles  which  should  control  the  valuation 
of  normal  public  utility  properties — leads  the  Committee  to  hope 
that  this  report  may  be  helpful  to  others,  and  may  serve  to  clarify  this 
very  involved  subject,  to  the  common  advantage  of  public  service 
corporations  and  the  public  served,  by  aiding  in  the  establishing  of 
procedure  and  in  the  reducing  of  the  uncertainties  of  valuation  and 
rating  of  public  utility  properties. 

Where  differences  of  opinion  have  developed,  the  conflicting  views 
of  the  Court  have  been  cited,  the  effect  of  the  application  of  different 
theories  indicated,  and  the  course  of  action  most  likely  to  lead  to  a 
fair  settlement  of  debatable  questions  has  been  outlined. 

The  Committee  bespeaks  a  thorough  and  open-minded  study  of 
the  whole  report,  by  the  members  of  the  Society  interested  in  the 
subject.  Only  with  such  a  background  will  its  full  significance  be 
apparent.  The  subject  is  so  involved  and  many-sided  that  brevity 
and  conciseness  are  not  always  possible,  and  that  brief  statements 
may  not  always  be  capable  of  isolation  from  the  context  without  the 
possibility  of  causing  ambiguity;  therefore,  though  the  Committee  has 
prepared  an  abstract  of  its  conclusions  for  the  convenience  of  the 
readers  of  the  report,  it  hopes  that  the  members  of  the  Society  will 
base  their  conclusions  and  discussions  on  the  main  report,  rather 
than  on  the  abstract. 

The  table  of  contents  follows.  Thereafter  are  given,  successively, 
the  abstract,  the  introduction  and  other  chapters  of  the  report,  and 
finally  a  detailed  glossary. 

October  28th,  1916. 
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ABSTKACT  OF  REPORT. 

The  Committee,  in  its  consideration  of  the  subject  assigned  to  it. 
has  been  guided  by  the  belief  that  stress  should  be  laid  on  fundamental 
principles  and  on  general  methods  rather  than  on  details  which  neces- 
sarily vary  under  different  circumstances;  that  the  discussions,  unless 
otherwise  stated,  should  be  confined  to  normal  properties;  that  valua- 
tion should  have  its  foundation  in  fact ;  that  where  there  are  alternative 
methods  equally  fair  to  the  parties .  affected,  the  one  should  be  selected 
which  is  most  capable  of  being  carried  out  effectively  under  present 
laws,  as  defined  by  the  Courts,  and  which  is  most  desirable  for  general 
use  in  the  direction  of  uniformity;  that  recognition  should  be  given 
to  the  interdependence  of  the  various  elements  which  enter  into  the 
problem;  that  while  major  attention  should  be  given  to  the  ascertain- 
ment of  the  cost  of  creating  the  property  in  question  and  its  business, 
due  consideration  should  be  given  to  intangible  values,  and  that  the 
important  item  of  interest,  in  this  report  meaning  interest  compounded 
annually,  should  always  be  considered. 

In  the  light  of  this  preliminary  understanding  and  of  the  discus- 
sions which  ensued,  the  following  conclusions  have  been  reached. 

Fundamental  Principles  of  Valuation. 

The  principles  and  methods  must  be  such  that  when  properly 
applied  the  result  will  be  fair  to  all  parties  affected  and  of  a  nature 
that  will  attract  to  the  service  of  the  public  capital  necessary  for 
building  new  properties  and  for  improving  and  extending  old  ones. 

New  Properties. — In  the  valuation  of  a  new  property,  if  the  question 
of  a  fair  return  is  at  stake,  the  actual  investment  in  the  portion 
devoted  to  public  use,  including  working  capital  and  development 
expense,  should  be  taken  as  the  basis  for  "fair  value";  if  the  same 
property  just  ready  for  operation  is  to  be  valued  for  public  acquisition, 
the  basis  of  "fair  value"  should  be  the  actual  cost,  including  the  money 
value  of  services  and  other  considerations  involved;  if  the  valuation 
is  to  be  used  for  capitalization,  the  result  should  be  attained  in  the 
same  way  as  the  return  base,  except  that  all  parts  of  the  property 
should  be  included;  and  if  for  taxation,  whether  of  a  new  or  old 
property,  the  result  must  accord  with  the  laws  of  the  State,  or,  where 
not  governed  by  such  laws,  should,  to  make  it  equitable,  be  fixed  at 
a  sum  consistent  with  the  valuation  of  other  property  for  taxation. 

Old  Properties  Under  Continuous  Regulation. — In  the  valuation 
of  an  old  property,  operating  without  competition  and  from  its  incep- 
tion under  commission  control  as  to  rates  and  methods  of  accounting, 
and  assumed  to  have  been  entitled  to  earn  sums  sufficiently  large  to 
provide  for  all  expenses  of  maintenance,  operation  and  taxation,  depre- 
ciation allowances,  and  a  fair  return  on  the  "fair  value"  of  the  prop- 
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erty,  the  onvner  should  be  compensated  in  some  way  for  losses  that 
he  may  have  sustained  during  the  early  years  of  operation  before  the 
property  was  tuned  up  and  the  business  developed,  either  by  including 
in  the  valuation  the  sum  of  the  deficiency  of  earnings  in  the  early  years, 
with  interest,  or  by  allowing  higher  rates  of  return  in  subsequent 
years  to  offset  the  early  deficiency. 

Old  Properties  Not  Under  Continuous  Begulation. — In  the  valua- 
tion of  an  old  property  which  has  not  been  subject  to  continuous 
regulation,  not  only  are  the  foregoing  principles  important,  but  there 
are  many  cases  in  which  equity  calls  for  the  inclusion  of  not  only  the 
sum  representing  the  sacrifice  by  the  owner  but  also  a  further  positive 
or  negative  sum  representing  valuable  property  or  rights  which  may 
have  been  acquired  or  lost  by  the  owner  as  a  result  of  time  or  through 
the  failure  of  the  public  or  the  owner  to  assert  their  authority,  the 
Courts  holding  that  the  present  value  of  the  property  should  be 
used  rather  than  its  cost. 

Physical  Property  to  be    Included   in   Valuation. 

This  varies  in  different  cases  with  the  use  to  which  the  valuation 
is  to  be  put  and  the  law  governing  the  case. 

Used  and  Unused  Property. — In  cases  of  rate  regulation,  only  the 
property  considered  to  be  devoted  to  public  use  should  be  included, 
embracing  that  which  is  in  active  use  and  also  that  which  is  properly 
and  reasonably  held  in  reserve  to  insure  the  safety,  economy,  suffi- 
ciency, and  continuity  of  service.  In  valuations  for  capitalization 
and  public  acquisition  it  is  obvious  that  all  of  the  property  in  question 
should  be  included. 

Retired  or  Discarded  Property. — Plant  units  which  have  been 
definitely  abandoned  and  are  not  likely  again  to  be  used,  due  to 
having  been  worn  out  in  service  or  by  reason  of  the  reconstruction  of 
the  property,  should  be  excluded  from  the  valuation  and  should  appear 
either  in  a  separate  schedule  of  retired  or  discarded  property,  or  such 
full  statement  of  the  conditions  should  be  made  as  will  definitely 
fix  the  status  of  the  units  or  parts.  Temporary  works  necessarily  built 
in  connection  with,  or  required  for,  the  construction  of  permanent 
works,  or  for  furnishing  service  to  the  public  at  an  earlier  date  than 
it  could  be  furnished  by  the  permanent  works,  should  be  included 
in  the  valuation. 

Excessive  Size  or  Capacity. — No  reduction  should  be  made  in  the 
valuation  on  account  of  excessive  size  or  capacity,  except  when  the 
excess  is  so  great  as  to  be  clearly  unreasonable  and  is  the  result  of 
not  using  proper  foresight. 

Donated  Property. — Lands  or  other  property  voluntarily  donated 
to  a  public  utility  should  be  included  when  determining  the  reproduc- 
tion cost,  on  the  same  basis  as  land  and  property  otherwise  acquired. 
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Leased  Property. — In  the  case  of  leased  property,  either  the  prop- 
erty itself  or  the  lease  should  be  valued,  as  circumstances  may  dictate. 

Title  to  Property  Not  Conclusive. — Structures  located  on  land 
to  which  the  owner  of  a  public  utility  has  no  title  should  be  included 
in  the  valuation  of  the  property  where  the  owner  has  been  required 
by  law  or  necessity  to  pay  their  cost,  including  in  this  class  also 
property  voluntarily  donated;  and  they  should  be  excluded  where  other 
public  service  companies,  the  public,  or  the  users,  other  than  the  owner 
in  question,  have  been  required  by  law  or  necessity  to  pay  their  cost. 

Working  Capital. — It  is  customary  to  include  under  the  term 
"working  capital"  the  amount  of  cash,  materials,  and  supplies,  provided 
for  use  in  the  plant,  but  not  yet  forming  a  part  of  it,  and  other  current 
assets  which  are  essential  for  the  proper  maintenance,  operation,  and 
administration  of  a  property.  There  should  be  inclvided  in  a  valuation 
an  amount  of  working  capital  sufficiently  large,  not  only  to  meet  the 
usual  requirements,  but  to  provide  for  emergencies. 

Securities  Owned. — Ordinarily,  the  valuation  of  property  devoted 
to  public  use  should  not  include  securities  owned,  or  surplus  cash 
not  forming  a  part  of  working  capital,  except  in  instances  where  such 
securities  and  surplus  cash  are  an  offset,  in  whole  or  in  part,  for 
depreciation  deducted  from  the  cost  of  the  property. 

Original  Cost  to   Date. 

As  defined  by  the  Committee,  this  is  the  first  cost  of  the  identical 
property  units  now  in  use,  including  overhead  charges. 

Difficulties. — While  much  of  the  difficulty  of  determining  original 
cost  as  thus  defined  in  some  cases  may  be  removed,  especially  in 
the  case  of  short-lived  property,  it  is  not  feasible  to  obtain  a  depend- 
able result  where  the  absence  of  reliable  historic  data  makes  necessary 
a  resort  to  estimates,  as  in  the  case  of  old  properties  consisting  mainly 
of  long-lived  items. 

Schedule. — Generally,  it  will  be  found  necessary  to  prepare  a  sched- 
ule in  the  same  way  that  one  would  be  made  for  determining  the  cost 
of  reproduction,  many  adjustments  in  the  records  often  being  required, 
even  under  the  most  favorable  conditions,  in  order  to  obtain  correct 
results. 

Costs — Unit  Costs. — When  a  schedule  is  necessary,  the  correspond- 
ing costs  or  unit  costs  are  essential  to  the  completion  of  the  inventory, 
and  where  these  are  unobtainable,  as  is  usually  true  in  the  case  of 
property  units  acquired  or  created  long  ago,  the  ascertainment  of  the 
original  cost  is  impossible. 

Overhead  Charges.- — These  are  recited  at  length  in  the  section 
relating  to  cost  of  reproduction.  They  are  inadequately  reflected  in  the 
records,  as  a  rule,  and  therefore  adjustments  are  required  which  are 
largely   matters    of    opinion    and    speculation,    and    which,    in    conse- 
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quence,  make  more  uncertain  the  final  result  thus  often  destroying  its 
usefulness. 

Development  Expenf^e. — The  expense,  actually  incurred  in  connec- 
tion with  the  tuning  up  and  creation  of  the  business  of  a  property, 
should  be  included  as  a  part  of  the  original  cost  to  date. 

Cost   of   Reproduction. 

Theory  of  Reproduction. — Estimates  of  the  cost  of  reproduction 
should  be  based  on  the  assumption  that  the  identical  property  is  to  be 
reproduced,  rather  than  a  substitute  property;  that  while  apparent 
present-day  conditions,  that  would  affect  the  cost  of  reproducing  the 
property,  must  be  considered  in  any  logical  estimate,  yet  history  must 
also  be  considered,  to  determine  what  is  to  be  reproduced,  the  condi- 
tions imder  which  it  is  to  be  reproduced,  and  how  the  estimates  must 
be  made;  that  for  all  those  items  concerning  which  there  can  be  no 
doubt  the  engineer  should  use  the  basis  plainly  applying,  and  that  for 
those  that  are  doubtful,  or  have  been  questioned,  he  should  present  the 
effect  of  the  use  of  the  different  bases  clearly,  that  the  determining 
body  may  have  the  data  for  a  wise  decision;  and  that  normal  present 
conditions  shall  determine  the  prices  and  methods  for  doing  the  work. 

Preliminary  Worh. — The  first  step  in  estimating  the  reproduction 
cost  of  a  property  is  such  a  study  of  the  property  and  its  history  as 
will  enable  the  estimator  to  make  a  complete  list  of  all  items,  lay  out 
a  proper  financial  and  construction  programme,  and  fix  proper  unit 
prices  to  the  several  items  of  the  schedule,  after  which  the  property 
should  be  divided  into  groups  of  items  or  units  which  will  lend  them- 
selves to  the  depreciation  study  and  accounting,  preferably  following 
some  well  established  classification  of  accounts. 

The  field  schedules  and  inventories,  suitably  recorded  on  appro- 
priate forms,  should  be  based  not  only  on  full  and  complete  surveys 
and  inspections  of  the  visible  physical  property,  but  they  should  also 
reflect  a  careful  historical  search  of  existing  records  of  original  con- 
ditions, and  other  reliable  sources  of  information,  bearing  on  items  of 
material  or  work  which  entered  into  or  were  incidental  to  actual  ex- 
isting units,  special  care  being  exercised  to  exclude  that  which  is  not 
capable  of  definite  proof,  and  to  limit  the  speculative  uncertainties  as 
far  as  possible. 

Unit  Prices. — In  determining  unit  prices  a  rational  sequence  of 
construction  should  be  assumed  for  the  reproduction  of  a  property; 
and  rational  assumptions  should  be  made  as  to  the  manner  of  doing 
the  different  parts  of  the  work,  whether  by  the  forces  of  the  company 
or  by  contract.  Unit  prices  based,  where  possible,  on  the  actual  cost 
of  doing  similar  work,  in  a  similar  manner,  under  similar  circum- 
stances, should  be  determined  by  persons  of  experience  and  sound 
judgment.     They  should  be  based  on  the  normal  average  cost  of  work 
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for  a  considerable  period — say,  5  or  10  years — in  order  to  give  sta- 
bility to  the  valuation,  so  that  it  may  be  used  for  a  subsequent  term  of 
years.  In  the  case  of  items  which  are  steadily  increasing  or  decreasing 
in  value,  the  prices  adopted  should  be  normal  for  the  time  of  the  valua- 
tion. Full  consideration  -should  be  given  to  the  time  allowed  for  con- 
struction, to  climatic  conditions,  and  to  the  effect  of  any  other  sig- 
nificant conditions  or  limitations  upon  the  cost  of  the  work. 

Land  Holdings. — Separate  parcels  of  land,  such  as  one  or  two  lots, 
or  a  tract  of  not  unusual  size,  not  connected  with  other  lands  of  the 
utility  in  a  strip  or  body,  and  where  freedom  of  choice  in  selection  may 
be  exercised,  should  be  valued  on  the  same  basis  as  other  lands  in  the 
vicinity,  used  for  general  purposes. 

Where  large  tracts  have  been  acquired,  made  up  of  a  number  of 
separate  entire  parcels,  the  history  of  the  transaction  should  be  com- 
pletely investigated  and  allowance  made  in  the  estimate  for  costs  of 
vacation  of  streets,  or  acquisition  of  other  rights,  incident  to  the  use 
of  the  property  as  a  whole.  Such  further  allowances  should  be  made, 
as  may  seem  to  be  justified  by  experience,  to  cover  excess  costs,  over 
and  beyond  the  normal  market  values  which  existed  at  the  beginning 
of  the  project,  and  which  were  due  to  fluctuations  of  price  or  other 
causes  beyond  control.  !N'ormal  market  values  of  similar  and  near-by 
property,  as  of  the  time  of  appraisal,  should  be  the  basis,  with  such 
additions  as  are  warranted  by  the  investigation  in  each  case. 

In  the  consideration  of  values  of  lands,  for  rights  of  way  for  a 
railroad,  an  electric  railroad,  an  aqueduct,  or  other  like  property,  or, 
lands  for  a  water-works  or  an  hydro-electric  reservoir,  where  freedom 
of  choice  is  restricted  and  where  all  the  land  must  be  acquired, 
radically  different  methods  must  prevail. 

In  the  valuation  of  lands  of  this  class,  a  clear  distinction  should  be 
made  between: 

(a)  Lands  where  the  entire  tract  or  parcel  is  taken  and  there  is  no 

element  of  severance  damages; 
(h)  Lands  where  only  a  portion  of  the  tract  is  taken  and  where  the 
element  of  severance  damages  is  present; 

and  the  extent  of  lands  of  both  classes  should  be  shown. 

Historic  conditions,  where  ascertainable,  should  be  given  due 
weight  in  fijdng  the  extent  and  character  of  the  severance.  All  ele- 
ments of  value  to  the  seller,  including  recognition  of  all  damages  to 
the  portions  of  his  property  not  taken,  which  would  prevail  in  the  case 
of  condemnation  of  the  lands  under  reproduction,  should  be  considered. 

A  determination  of  the  relation  existing  between  actual  recent 
acquisition  costs  and  the  normal  market  value  of  the  lands  out  of  which 
the  strip  or  parcel  was  taken  at  the  time  of  acquisition  is  undoubtedly 
possible  in  many  cases.     It  would  seem  that  where  such  relation  can 
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be  determined,  its  use  in  connection  with  the  normal  market  values  of 
these  or  similar  lands  at  the  time  of  appraisal  should  establish  a  rea- 
sonnble  cost  of  reproduction. 

The  determination  of  the  figure  to  be  used  should  be  based  in  all 
cases  on  full  consideration  of  the  present  normal  market  value  of  the 
area  of  land  acquired  and  of  other  recent  purchases  by  the  same  or 
other  companies  of  similar  lands  in  the  vicinity  or  in  districts  of  like 
characteristics;  the  damage  to  the  remaining  land,  not  required,  due 
to  severance  and  all  consequential  injuries;  the  amount  and  character 
of  the  costs  of  acquisition  and  overhead  charges;  enhanced  prices  due 
to  active  demand;  and  any  other  real  items  of  cost  which  would  be 
included  in  case  of  purchase.  But  no  allowance  should  be  included 
for  special  values  coming  after  the  acquisition  of  the  property  on 
account  of  its  new  use  or  on  account  of  a  greater  earning  power  under 
the  new  use,  or  for  any  other  hypothetical  "value". 

Estimates  should  be  based  on  prices  and  values  as  of  the  time  of 
appraisal,  be  they  higher  or  lower  than  those  prevailing  at  the  time 
of  original  acquisition.  The  thing  sought  in  reproduction  is  the  fair 
cost  of  acquiring  the  property  as  of  the  date  of  valuation. 

The  treatment  of  the  valuation  of  land  holdings  is  not  yet 
thoroughly  crystallized;  therefore  the  valuing  engineer  will  do  well 
to  confer  with  counsel  upon  the  interpretation  of  past  Court  decisions 
and  the  legal  principles  which  are  most  fairly  applicable  to  the  case 
under  review. 

Overhead  Charges. — There  are  certain  expenses  called  overhead 
charges,  inseparable  from  the  construction  of  any  property,  which  are 
a  necessary  and  proper  part  of  its  cost,  but  which  are  not  capable  of 
physical  identification  after  the  completion  of  construction  work. 
These  expenses  cannot  be  covered  in  the  estimate  of  "Cost  of  Reproduc- 
tion" by  the  application  of  specific  vmit  prices ;  from  their  nature  they 
attach  to  the  whole  or  large  parts  of  the  property  rather  than  to  any 
j)articular  units. 

Among  the  expenditures  which  must  be  provided  for,  and  classed 
as  overhead  charges  are : 

(a)  Cost  of  promotion ; 

(6)  Cost  of  finaiicing  and  securing  the  necessary  capital  with 
which  to  carry  out  the  enterprise; 

(c)  Cost  of  organization,  including  the  incorporation  and  organi- 
zation of  the  company,  securing  of  franchises,  and  other  like 
expenditures; 

(d)  Engineering,  including  the  making  of  the  preliminary  inves- 
tigations and  plans,  plans  for  the  construction  of  the  entire 
property,  the  engineering  supervision  of  all  construction  and 
other  work  involved  in  the  development  of  a  property,  except 
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such  direct  supervision  as  may  properly  be  included  in  the 
unit  prices  of  various  property  units,  or  as  specific  charge 
against  some  particular  schedule  or  group  of  units ; 

(e)  Administration,  including  salaries  for  general  officers,  agents, 
accountants,  clerks,  and  other  assistants,  not  included  in  the 
engineering  and  legal  departments,  and  all  administration 
expenses ; 

(/)  Legal,  including  salaries  and  expenses  of  law  officials  and 
costs  of  litigation  which,  depending  on  the  character, of  the 
property  and  its  location,  may  be  a  comparatively  minor  item 
or  a  very  large  one; 

(g)  Interest  during  the  period  of  construction,  on  money  borrowed, 
or  on  money  invested  in  the  property  by  its  owners ; 

(/()  Taxes  and  insurance  during  construction;  and 

(i)  Contingencies,  representing  expenditures  which  cannot  be 
foreseen  but  which  from  one  cause  or  another  are  always  of 
considerable  size  in  the  construction  or  reproduction  cost  esti- 
mate of  any  great  enterprise. 

Depreciation    and    Appreciation. 

With  a  desire  to  remove  the  ambiguity  and  resulting  confusion 
that  has  attended  the  use  of  the  term  "depreciation"  in  connection 
with  valuation,  the  Committee  has  considered  the  subject  from  three 
standpoints:  (1)  the  cause,  decretion  or  loss  of  service  life;  (2)  the 
record,  accounting  depreciation,  or  the  money  allowance  made  in  book- 
keeping to  offset  accruing  loss  of  service  life;  and  (3)  the  amount 
sought,  depreciation  of  valuation  or  fair  depreciation,  the  sum  which 
should  be  deducted  from  original  cost  to  date  or  from  estimated  cost 
of  reproduction  new  as  a  step  in  finding  that  which  the  Courts  have 
called  "fair  value". 

Decretion. — This  is  the  fact  of  loss  of  service  life  of  a  physical 
property,  or  property  unit,  or  item,  regardless  of  its  effect  on  value 
or  anything  else.  It  may  be  due  to  use,  or  inadequacy,  or  obsolescence 
or  accident,  either  singly  or  in  combination  in  a  given  plant  or 
plant  unit. 

Although,  in  a  well-maintained  property,  decretion  is  always  pres- 
ent in  some  degree,  yet  in  some  cases  this  decretion,  converted  into 
loss  of  value,  which  loss  is  hereafter  called  cost  of  decretion,  should 
not  be  considered  to  be  a  deductible  quantity  in  finding  the  value  of 
the  property — that  is,  it  should  not  be  considered  as  depreciation  of 
valuation,  or  fair  depreciation.  Unfortunately,  this  has  not  been 
entirely  understood. 

Whether  or  not,  and  to  what  extent,  if  any,  the  loss  of  value  due  to 
existing  decretion  shall  be  deducted  from  original  cost  to  date  or  cost 
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uf  reproduction  new,  when  finding  "fair  value"  for  any  purpose,  is  the 
great  troublesome  problem  of  depreciation  in  valuation. 

Accounting  Depreciation. — The  fundamentals  of  the  methods  of 
accounting  for  depreciation  are  that  the  owner  of  a  public  utility 
is  under  obligation  to  the  investors  in  its  securities  to  maintain  the 
integrity  of  the  investment  as  a  continuing  property  and  to  furnish, 
suitable  service  to  the- public;  that  the  public  is  under  obligation  to 
the  owTier  to  pay  a  fair  price  for  the  service  rendered,  which  should 
cover  all  operating  expenses,  a  proper  allowance  for  depreciation  and 
a  fair  return  upon  the  "fair  value"  of  the  property;  and  that  the 
return  to  the  investor  and  the  rates  to  the  consumer  should  be  kept 
reasonably  stable  and  uniform  from  year  to  year  and  should  be  fair. 

The  four  accounting  methods  in  use  for  accounting  for  deprecia- 
tion, the  replacement  method,  the  straight-line  method,  the  com- 
poand-interest  method  (formerly  called  by  the  Committee  the  "equal- 
annual-payment  method"),  and  the  sinhing-fund  method,  yield 
identical  total  costs  when  the  whole  life  of  a  property  unit  is 
considered,  and  any  one  of  them  seeming  to  be  the  most  convenient 
may  be  chosen,  provided  only  that  under  the  circumstances  it  is  legal, 
safe,  and  fair. 

The  replacement  method  is  applicable  to  those  short-lived  proper- 
ties or  parts  of  properties  made  up  of  a  large  number  of  items,  the 
replacement  or  retirement  of  which  proceeds  after  a  time  with  fair 
regularity  and  causes  no  troublesome  variations  in  return  or  service 
rates;  the  straight-line  method  applies  to  any  property  units  having 
more  than  a  year  of  service  life,  which  are  assumed  to  depreciate  uni- 
formly from  the  beginning  to  the  end  of  service  life;  the  compound- 
interest  and  sinking-fund  methods  apply  to  property  units  the  deprecia- 
tion of  which  is  assumed  to  progress  at  the  same  rate  as  a  sinking  fvmd 
grows  from  an  annuity,  accumulating  at  compound  interest. 

In  addition  to  these  four  methods  there  is  the  unit  cost  method, 
eminently  sound  in  theory  but  not  readily  applicable  to  accounting 
purposes,  which  is  based  on  the  conception  that  the  value  of  a 
plant  unit  should  be  decreased  from  year  to  year  to  such  an  extent 
that  the  cost  per  unit  of  output  or  service,  taking  into  account  all 
annual  charges  for  interest,  depreciation,  repairs,  cost  of  operating, 
etc.,  should  be  constant  during  each  year  of  the  estimated  service 
life  of  the  unit. 

The  great  discrepancy  in  the  growth  of  depreciation  of  long-lived 
units  under  the  straight-line  and  compound-interest  theories  should 
be  carefully  noted  when  determining  which  method  to  use. 

This  report  is  particularly  concerned  with  depreciation  accounting 
as  it  relates  to  valuation,  and  the  determination  of  the  depreciation  of 
valuation.  It  would  seem  to  be  fair  in  any  given  case  to  give  the 
method  of  accounting  used  by  the  utility  in  setting  up  depreciation 
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allowances  its  proper  effect  in  determining  deductible  depreciation  or 
the  depreciation  of  valuation. 

Depreciation  of  Valuation  Dependent  on  Accounting  Methods  and 
Regulations. — Finding  the  cost  of  decretion,  here  defined  as  the  loss 
of  service  life  of  an  item  converted  into  loss  of  value,  is  a  step  in 
the  determination  of  depreciation,  but  whether  and  to  what  extent, 
if  at  all,  the  estimate  thus  found  shall  be  treated  as  depreciation  of 
valuation  may  be,  and  very  probably  will  be,  dependent,  at  least  in 
part,  on  the  methods  of  accounting  for  depreciation  and  the  character 
of  regulation  that  have  prevailed. 

Depreciation  of  Valuation  under  Replacement  Method. — If  by  order' 
or  sanction  of  a  regulating  body,  or  by  long-continued  proper  custom 
under  no  regulation,  a  property,  as  for  instance  a  railroad,  has  been 
maintained  in  normal  working  condition,  necessarily  less  than  new  in 
some  or  all  of  its  parts,  by  the  replacement  method,  and  at  any  given 
date  is  being  valued  for  any  public  purpose  and  at  that  date  shows 
normal  condition,  all  its  several  parts  being  in  as  good  condition  as 
could  be  expected,  the  accounts  showing  that  those  amounts  have  been 
expended  in  renewals  that  were  necessary  to  keep  the  property  in 
normal  working  condition,  and  the  fact  appearing  that  no  expenditure 
reasonably  to  be  expected  could  put  the  property  in  better  than  the 
normal  condition  in  which  it  is  found,  and  that  no  unusually  large 
expenditure  is  presently  to  be  necessary  for  this  purpose,  then,  in  spite 
of  the  fact  that  there  is  an  existing  decretion  in  its  several  parts, 
there  should  be  found  no  depreciation  of  valuation.  Under  the  method 
of  accounting,  the  public  has  not  paid,  and  could  not  pay,  for  the  ac- 
crued depreciation,  and  under  this  condition  its  accrued  obligation  to 
pay  should  be  considered  an  asset  of  the  company  owoier. 

If  parts  of  the  property  are  maintained  under  the  replacement 
method  and  part  by  some  proper  allowance  method,  except  as  noted 
below,  then  depreciation  of  valuation  should  be  found  with  respect 
to  those  parts  maintained  under  the  allowance  method,  but  this  de- 
preciation of  specific  physical  units  will  be  made  good  in  whole  or 
in  part  by  existing  funds  or  property  purchased  with  allowances, 
either  or  both  of  which  will  be  included  in  the  valuation  as  they 
are  found. 

If  in  the  judgment  of  the  valuing  engineer,  the  replacement  method 
may  not  be  used  with  propriety  for  a  given  property,  either  because 
not  in  accordance  with  law,  or  because  the  method  is  not  adapted  to 
the  property,  then,  whether  or  not  the  property  has  been  maintained 
in  the  past  under  this  method,  the  valuing  engineer  should  estimate 
depreciation  of  valuation  in  the  amount  of  the  cost  of  the  decretion 
he  finds.  There  can  be  no  certainty  that  the  property  will  be  properly 
maintained  in  the  future. 

When  a  comparatively  new  property,  other  than  a  railroad,  is  to 
be  valued,  and  it  has  not  been  under  any  regulation  that  has  affected 
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its  accounting  methods,  the  law  as  laid  down  in  the  Knoxville  decision 
would  seem  to  make  it  necessary  to  find  depreciation  of  valuation  in 
amount  equal  to  the  cost  of  decretion  found  for  all  items,  whether  or 
not  maintained  by  the  replacement  method.  The  Committee,  however, 
believes  that  this  may  work  hardship  and  injustice  in  some  instances, 
and  suggests  that  in  such  cases  the  facts  be  reported  with  such  recom- 
mendations as  to  equity,  as  may  seem  fair  to  the  engineer. 

Depreciation  of  Valuation  under  Allowance  Methods. — If  either 
the  straight-line,  compound-interest,  or  sinking-fund  method  has  been 
used  in  computing  depreciation,  and  the  method  of  accounting  for  it 
has  been  prescribed  by  a  regulating  body  or  voluntarily  followed  by  a 
company  owner  from  the  beginning,  the  same  theory,  so  far  as  it 
applies  to  the  property  in  question,  should  be  used  for  estimating  the 
cost  of  decretion ;  and  the  entire  cost  so  found,  lessened  by  any  accumu- 
lated depreciation  funds,  will  appear  as  depreciation  of  valuation,  unless 
the  sinking-fund  method  of  accounting  has  been  used.  In  the  latter 
case,  if  the  valuation  has  to  do  with  the  reasonableness  of  the  return 
and  the  accounting  is  to  go  on  as  before,  apparently  existing  deprecia- 
tion would  not  be  depreciation  of  valuation,  and  therefore  would  not  be 
deductible;  but  if  the  valuation  has  to  do  with  condemnation  or  pur- 
chase, then,  as  in  other  cases,  the  apparently  existing  depreciation  is 
depreciation  of  valuation,  and  the  owner  should  receive  the  depreciated 
value  of  the  physical  property  and  the  existing  fund. 

Effect  of  Regulation  on  Depreciation  of  Valuation.- — Regulation 
which  determines  the  method  of  accounting  will  in  part  determine  the 
amount  of  depreciation  of  valuation  when  finding  "fair  value",  becaiise 
it  determines  the  method  by  which  the  public  shall  pay  for  the  loss  of 
service  life.  If  the  regulating  body  has  prescribed  the  replacement 
method  for  the  whole  period  that  units  have  been  in  existence,  then, 
although  depreciation  may  exist,  it  is  not  depreciation  of  valuation, 
because,  under  the  method  of  accounting,  the  public  has  not  paid,  and 
could  not  pay,  for  the  accruing  depreciation,  and  is  still  under  obliga- 
tion to  pay  for  it. 

Methods  of  accounting  in  force  at  the  present  time  which  make 
proper  provision  for  the  accruing  depreciation  should  not  have  full 
weight,  if,  in  previous  years  during  the  life  of  the  property  units,  other 
methods  were  in  use  which  did  not  make  provision  for  such  deprecia- 
tion. The  amoimt  of  depreciation  of  valuation  in  such  cases  should 
be  equivalent  to  the  accumulated  contributions  of  the  public  for  depre- 
ciation allowances  under  the  various  methods  of  accounting  which  have 
affected  the  property  unit  from  time  to  time.  The  public  is  still  under 
obligation  to  make  good  that  part  of  the  loss  of  service  life  not  yet 
paid  for,  and  this  obligation  should  be  considered  to  be  as  much  the 
property  of  the  company  usable  to  offset  accrued  depreciation  as  re- 
newal funds  or  property  actually  in  existence. 
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Whether  or  not  this  reasoning  will  stand  in  any  case  is  for  the 
Court  to  determine.  Valuing  engineers  and  accountants  should  report 
what  they  find  as  to  the  actual  cost  of  decretion,  and  the  STims  which 
have  been  received  to  offset  such  cost,  under  the  methods  prescribed  by 
the  regulating  body  from  time  to  time.  They  may  give  their  opinions 
as  to  the  amount  of  depreciation  that  should  be  deducted  from  cost  to 
find  cost  less  depreciation  as  an  element  in  the  quantity  known  as 
"fair  value". 

If  regulation  has  not  fixed  accounting  methods,  but  has  limited 
the  earnings,  it  should  be  permissible  to  inquire  whether  the  limited 
earnings  have  been  sufiicient  to  pay  operating  expense,  depreciation, 
and  fair  return.  If  so,  depreciation  found  should  be  considered  depre- 
ciation of  valuation  to  the  extent  warranted  by  the  accounting  methods 
lawfully  or  properly  followed;  if  not,  a  question  arises.  It  is  remem- 
bered that  the  duty  of  the  company  owner  is  first  to  maintain  the  prop- 
erty "before  coming  to  the  question  of  profit  at  all",  and  that  it  is 
the  duty  of  the  regulating  body  to  see  that  rates  are  such  as  to  permit 
the  company  owner  to  earn  operating  expense,  depreciation,  and  fair 
return.  If  the  regulating  body  has  made  sufficient  earnings  impossible, 
is  it  still  the  duty  of  the  company  owner  to  maintain  the  property 
before  paying  fair  return  to  its  security  holders?  If  it  is,  depreciation 
of  valuation  should  be  foimd  in  the  amount  of  the  total  cost  of  decre- 
tion or  so  far  as  warranted  by  the  accounting  methods  followed.  If 
not,  depreciation  found  should  not  be  considered  depreciation  of  valua- 
tion except  to  the  extent  covered  by  earnings  after  deducting  operating 
expense  and  fair  return.  This  is  a  matter  of  equity  to  be  determined 
by  a  Court.  If  under  regulation  the  property  is  a  losing  venture,  it  is 
not  included  in  the  class  of  properties  now  being  considered.  In  any 
event  the  depreciation  existing  should  be  found  and  reported,  together 
with  all  pertinent  facts,  that  the  Court  may  determine  the  equities 
of  the  case. 

Conclusion  upon  Depreciation. — The  valuing  engineer  should  bear 
in  mind  that  when  a  company  owner  has  invested  a  reasonable  sum  in 
a  property  for  public  service,  it  is  entitled  to,  but  not  guaranteed,  a 
fair  return  on  its  investment,  so  long  as  the  money  remains  in  the 
property,  either  as  property,  or  funds,  or  accrued  public  obligation  to 
pay.  Therefore,  so  long  as  the  company  owner  keeps  a  sum  equivalent 
to  the  total  investment  ^t  work  for  the  public,  either  as  property  serv- 
ing the  public,  or  funds  held  in  reserve  for  such  property,  no  policy 
should  be  followed  in  estimating  depreciation  that  will  reduce  the  prop- 
erty to  a  value  less  than  the  investment,  or,  when  using  cost  of  repro- 
duction less  depreciation,  as  a  basis  of  "fair  value",  to  a  value  less 
than  the  cost  of  reproduction  of  that  part  of  the  property  estimated  to 
have  been  created  with  company  funds,  acquired  by  gift,  or  in  any  way 
not  the  result  of  public  contributions  to  cover  depreciation. 
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Appreciation. — Appreciation,  largely  the  result  of  solidification, 
seasoning  and  adaptation,  represents  the  improvement  in  quality  and 
usefulness  of  certain  parts  of  the  physical  properties  of  a  railroad  or 
other  public  utility  property,  and  it  results  from  the  lapse  of  time, 
from  work  not  specifically  charged  to  capital  account,  from  main- 
tenance, from  use,  etc.,  and  covers  items,  not  represented  either  by  the 
quantities  or  imit  prices,  that  are  determined  in  connection  with  a 
valuation. 

There  should  be  no  general  setting  off  of  appreciation  against  depre- 
ciation, but  appreciation  should  be  determined  independently  from 
depreciation.  Care  must  be  taken  that  items  of  labor  and  expense 
included  in  the  estimate  may  not  be  duplicated  in  development  expense. 

Development  Expense. 

In  -the  production  of  a  normal  going  property,  development  expense, 
almost  invariably,  is  an  unavoidable  real  cost,  and  is  measured  by  the 
difference  between  the  amount  which  the  company  is  entitled  to  earn 
in  the  early  years  and  the  amount  which  it  actually  does  earn.  The 
portion  of  this  expense  incurred  in  tuning  up  the  property  and  bring- 
ing it  to  its  present  state  of  operating  efficiency  may  be  included  in 
the  cost  of  construction,  and  the  remainder  may  be  treated  as  the  cost 
of  acquiring  the  business. 

Intangible  Value. 

The  intangible  value  that  pertains  to  a  property  and  should  be 
given  due  weight  in  the  ascertainment  of  "fair  value"  is  the  difference 
between  the  tangible  value — that  is  to  say,  proper  cost  including  de- 
velopment expense,  less  depreciation  of  valuation — and  exchange  value, 
in  which  is  reflected  existing  and  potential  dependable  income  and 
beneficial  results.  It  embraces  going  value,  in  which  is  merged  good 
will,  franchise  value,  efficiency,  favorable  business  arrangements  and 
design ;  and  it  also  includes  other  elements,  such  as  leases,  easements, 
water  rights,  traffic  and  operating  agreements,  strategic  location  and 
advantages,  and  other  privileges. 
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CHAPTER  I. 


INTRODUCTION. 

The  Special  Committee  of  seven,  appointed  by  the  Board  of  Direc- 
tion in  September,  1911,  to  Formulate  Principles  and  Methods  for  the 
Valuation  of  Railroad  Property  and  Other  Public  Utilities,  presented 
to  the  Board,  early  in  December,  1913,  a  Progress  Report  on  the  sub- 
ject of  Valuation  for  the  Purpose  of  Rate-Making. 

One  member  of  the  Committee  was  unable  to  take  any  part  in  its 
deliberations,  and  consequently  did  not  wish  his  name  attached  to  the 
report,  which  was  signed  by  all  the  remaining  members,  consisting  of 
Frederic  P.  Stearns,  Chairman^  Leonard  Metcalf,  Secretary,  Thomas 
H.  Johnson,  Alfred  Noble,  William  G.  Raymond,  and  Jonathan 
P.  Snow. 

The  report  was  presented  at  the  Annual  Meeting  of  the  Society  on 
January  21st,  1914,  and,  after  a  brief  discussion,  the  following  resolu- 
tions were  adopted:  First,  a  resolution  offered  by  the  Chairman,  as 
follows : 

"Resolved,  That  the  Progress  Report  of  this  Committee,  together 
with  all  discussion  thereon  up  to  September  1st,  1914,  or  to  such  later 
date  as  the  Board  of  Direction  may  fix,  be  referred  back  to  the  Com- 
mittee for  further  consideration;  and  that  in  the  meantime  the  Board 
of  Direction  be  requested  to  assign  a  date  for  the  written  and  oral 
discussion  on  the  subject." 

Second,  a  resolution  offered  by  a  member: 

"That  inasmuch  as  each  member  of  the  Society  has  a  copy  of  that 
report,  that  it  be  not  published  in  the  Proceedings  until  the  final  report 
of  the  Committee  is  issued." 

A  special  meeting  for  the  discussion  of  the  Progress  Report  of  the 
Committee  was  held  on  March  11th,  1914,  when  the  report  was  discussed 
by  ten  members  of  the  Society,  and  the  meeting  was  adjourned  until 
April  2d,  1914,  when  it  was  again  discussed  in  the  afternoon  and 
evening  by  fourteen  members  of  the  Society.  The  total  number  of 
written  discussions  to  the  present  time  is  sixty-three,  covering  340 
printed  pages  of  the  Proceedings. 

The  Committee  suffered  a  great  loss  by  the  death  of  two  of  its 
members:  Thomas  H.  Johnson  on  April  16th,  1914,  and  Alfred  Noble 
on  April  19th,  1914.  To  fill  the  vacancies  thus  created,  and  a  further 
vacancy  caused  by  the  wish  of  Henry  M.  Byllesby  not  to  remain  on 
the  Committee,  the  Board  of  Direction  on  May  6th,  1914,  appointed 
to  the  Committee  Charles  S.  Churchill,  William  J.  Wilgus,  and  Henry 
E.  Riggs. 
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Several  of  those  discussing  the  Progress  Report  contended  that 
tlie  Committee,  in  making  a  report  on  Valuation  for  the  Purpose  of 
Rate-Making,  should  have  omitted  railroads  from  its  discussion,  prin- 
cipally on  the  ground  that  railroads  are  competitive,  and  that  their 
rates  are  to  a  large  extent  interdependent  and  must  be  fixed  in  accord- 
ance with  these  conditions.  Some  have  gone  so  far  as  to  infer  that 
it  was  the  aim  of  the  Committee  to  suggest  methods  for  determining 
individual  rates  to  be  included  in  a  tariff,  although  there  was  no  sug- 
gestion of  this  kind  in  the  Progress  Report,  which  dealt  only  with 
returns  as  a  whole;  that  is,  with  the  aggregate  sum  to  be  earned  by 
means  of  the  rates. 

The  Committee  recognizes  fully  that  an  engineering  valuation  of 
the  property  of  a  public  utility  is  only  an  element  in  fijxing  rates,  and 
that  this  is  especially  so  in  the  case  of  railroads  and  other  competitive 
public  utilities.  It  agrees  with  the  view  as  to  railway  rates,  ex- 
pressed by  Judge  Prouty  in  his  address  to  the  United  States  Chamber 
of  Commerce  on  February  11th,  1914,  when  he  says: 

"The  rates  of  public  utilities  are  at  the  present  day  usually  fixed 
by  commissions,  both  state  and  federal.  It  is  perhaps  the  natural 
inference  that  when  the  value  of  the  property  has  been  determined  and 
the  rate  of  return  fixed  the  work  of  the  commission  in  establishing  the 
charge  of  the  public  utility  is  comparatively  easy.  It  is  only  neces- 
sary to  multiply  the  value  by  the  rate  and  to  allow  a  charge  which  will 
yield  that  income. 

"And  this,  with  some  important  qualifications,  is  true  as  to  certain 
kinds  of  public  utilities.  Take,  for  instance,  a  water  plant  or  a  gas 
plant.  This  serves  a  single  community.  As  a  rule  it  meets  no  com- 
petition in  that  service.  The  amount  of  its  business  is  knovni  or 
can  be  forecast  with  reasonable  accuracy.  Even  matters  of  deprecia- 
tion and  such  like  have  come  to  be  pretty  accurately  understood.  It 
is  possible,  therefore,  to  fix  with  some  confidence  the  rates  of  such  a 
utility  when  the  value  of  the  investment  is  known. 

"With  the  railroads,  however,  this  is  entirely  different  for  the 
reason  that  it  seldom  happens  that  a  single  railroad  can  be  considered 
by  itself.  The  greater  part  of  the  business  of  the  railways  of  the  United 
States  is  subject  to  competitive  conditions  of  one  sort  and  another 
which  are  largely  controlling  so  that  the  rates  of  one  are  necessarily 
bound  up  with  those  of  another.  A  moment's  thought  will  show  the 
extent  to  which  this  is  true." 

Also : 

"*  *  *  the  railroads  of  this  country  are  so  bound  up  together 
that  their  rates  are  largely  interdependent.  It  is  impossible  to  shake 
a  single  railroad  free  from  every  other  and  fix  its  charges  upon  the 
basis  of  a  fair  return  upon  its  fair  value  as  you  would  in  case  of  a  gas 
or  water  plant.  The  rate  established  for  one,  of  necessity,  influences 
and  frequently  absolutely  determines  the  rate  of  all,  a  fact  which 
must  never  be  forgotten  in  discussing  this  subject." 
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In  the  same  speech,  however,  he  adds: 

"While,  however,  I  wish  to  make  it  perfectly  plain  that  the  prob- 
lem of  establishing  railway  rates  will  not  be  solved  by  this  valuation, 
I  desire  to  say  with  even  greater  emphasis  that  the  problem  will  be 
enormoiisly  simplified.  It  can  be  known  with  certainty  whether  the 
general  level  of  rates  is  or  is  not  too  high,  and  in  establishing  the 
charges  to  be  observed  by  a  single  carrier,  even  in  fixing  the  rate  upon 
a  single  commodity,  it  will  be  of  much  benefit  to  know  the  value  of 
the  property  involved.  Every  railroad  commissioner  will  join  with  me 
in  saying  that  here  is  the  only  solid  foundation  upon  which  he  can 
stand;  that  the  determination  of  these  values  is  indispensable  to  the 
just  and  intelligent  administration  of  his  work. 

"While  this  valuation  will  be  of  incidental  benefit  to  the  investor, 
while  it  is  essential  to  the  work  of  the  rate-making  tribunal,  it  seems 
to  me  that  its  greatest  immediate  value  is  political.  The  state  of  the 
public  mind  towards  our  railways  is  such  that  this  information  is 
absolutely  necessary." 

Whether  or  not  it  is  proper  to  base  rates  on  the  so-called  "value" 
of  the  property  is  no  concern  of  the  Committee.  The  fact  is  that  in 
many  instances,  including  cases  of  railroad  rates,  the  reasonableness 
of  rates  has  been  so  determined,  and,  in  making  their  decisions  in 
disputed  cases,  the  Courts  have  quite  uniformly  held  that  a  public 
utility  corporation  is  entitled  to  earn  a  "fair  return"  on  the  "fair 
value"  of  its  property  used  in  the  public  service. 

Whenever  the  determination  of  the  reasonableness  of  rates  is 
reached  in  this  way,  it  is  necessary  to  value  the  property,  and  to  value 
it  in  such  a  way  that  justice  shall  be  done  to  the  corporation  and  to 
the  public.  As  this  use  of  valuation  of  public  utility  properties  was 
and  now  is  prominently  in  the  public  mind,  it  seemed  desirable  to 
consider  first  the  methods  of  valuation  for  this  purpose.  Hence,  the 
Progress  Report  was  limited  to  this  field. 

There  seemed  to  be  a  failure  to  understand  completely  what  the 
Committee  proposed  in  its  Progress  Report,  and  there  were  those  who 
contended  that  there  could  be  but  one  value  for  any  plant  operated 
for  gain,  no  matter  what  the  purpose  of  the  valuation.  Further  con- 
sideration by  the  Committee  leads  it  to  believe  that  much,  if  not  all, 
of  the  misunderstanding  is  due  to  the  unfortunate  multiple  meaning 
of  the  word  value.  In  its  own  discussion  the  Committee  has  had 
difficulty  in  reaching  conclusions,  due  to  this  cause.  In  its  Progress 
Report  the  Committee  adopted  the  current  usage  of  the  word  value 
in  accordance  with  the  precedent  set  by  Courts,  authors,  and  legis- 
latures. One  of  the  most  prominent  of  the  authors  of  works  on  valu- 
ation has  recognized  the  difficulties  attached  to  the  multiple  meanings 
in  the  current  usage  of  the  word,  but  dismisses  the  subject  with  the 
statement  that  the  substitution  of  other  terms  is  not  without  diffi- 
culties. 
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After  careful  consideration,  the  Committee  has  concluded  that 
the  general  use  of  a  modified  terminology  would  go  far  toward  les- 
sening the  opportunity  for  misunderstanding,  and  therefore  suggests 
that  the  use  of  the  word  "value"  be  restricted  in  general  to  its  ordinary 
significance  as  defined  by  the  Standard  Dictionary :  "The  desirability 
or  worth  of  a  thing  as  compared  with  the  desirability  of  something 
else,"  and  has  recognized  the  propriety  of  the  use  of  other  terms  than 
"value"  to  express  the  bases  on  which  purchase,  rate-making,  or  the 
determination  of  the  reasonableness  of  rates,  capitalization,  or  taxation 
must  rest.     (See  Glossary  under  Value.) 

The  Committee  adopts  this  terminology  except  when  it  is  necessary 
to  use  the  terms  "value"  and  "fair  value"  with  the  meanings  attached 
to  them  by  the  Courts,  in  which  case  they  will  be  enclosed  in  quotation 
marks. 

The  Committee  has  attempted  in  this  report  to  cover  the  whole 
subject  assigned  to  it,  which  requires  a  very  extended  report,  even 
when  it  is  limited  to  the  general  features  of  the  subject.  To  cover 
all  questions  which  arise  in  connection  with  valuation  would  be  im- 
practicable in  a  report  by  a  committee  of  this  Society. 

The  following  preliminary  statements  may  assist  to  an  under 
standing  of  the  discussions  which  follow: 

1. — Although  the  report  deals  with  the  principles  and  methods  of 
valuation,  it  lays  stress  on  the  fundamental  principles.  General 
methods  are  indicated,  but  little  attention  is  given  to  detailed  methods 
which  necessarily  vary  under  different  circumstances. 

2. — The  discussions,  unless  otherwise  stated,  are  confined  to  normal 
properties  which  are  neither  overbuilt,  inadequate,  nor  improperly 
located. 

3. — It  is  the  view  of  the  Committee  that  valuation  should  have  its 
foundation  in  fact,  and  that  the  results  obtained  should  be  those  which 
will  be  fair  to  the  parties  affected. 

4.— The  interdependence  of  methods  of  valuation  and  of  regulation 
of  public  service  properties  must  be  recognized.  Different  methods 
of  regulation  may  be  adopted,  which,  taken  in  connection  with  the 
appropriate  methods  of  valuation  and  consistently  followed,  will  be 
fair  to  the  parties  affected.  It  is  not,  however,  immaterial  which  of 
the  fair  methods  are  adopted,  because  one  may  be  more  closely  in 
accordance  with  the  law  as  defined  by  the  Courts  than  another,  and 
hence  may  be  more  capable  of  being  carried  out  effectively. 

5. — Where  there  may  be  two  or  more  practicable  and  lawful  methods 
of  procedure,  it  is  still  desirable  to  aim  toward  uniformity  and  to  select 
the  most  approved  methods  for  general  use,  as  this  will  tend  toward 
simplicity  and  the  avoidance  of  that  confusion  of  thought  and  action 
which   occurs   when   such   uniformity    does   not   exist.      The   methods 
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recommended  by  the  Comm.ittee  are  those  which,  all  things  considered, 
are  in  its  judgment  most  desirable  for  general  use. 

6. — The  various  elements  which  enter  into  the  valuation  of  a 
property  are  frequently  interdependent,  and  equitable  results  can  be 
obtained  only  by  a  recognition  of  this  fact. 

7. — As  indicated  by  the  preceding  paragraphs,  a  sharp  distinction 
should  be  made  between  what  may  be  done  now  under  present  laws 
and  what  may  be  done  under  future  legislation  and  continuous  com- 
mission control.  The  recommendations  applying  to  present  conditions 
should  not  be  confused  with  those  which  can  become  practicable  only 
with  such  legislation  and  control. 

8. — The  Committee  has  devoted  the  major  portion  of  this  report 
to  a  consideration  of  principles  and  methods  which  should  govern  in 
the  valuation  of  the  physical  property  plus  development  expense,  or, 
in  other  words,  what  it  has  cost  or  would  cost  to  create  the  property 
and  to  create  the  business.  The  valuation  so  determined  does  not 
cover  all  the  elements  of  value  which  should  receive  consideration 
from  the  Courts  and  the  various  regulating  bodies;  therefore,  a  por- 
tion of  the  report  is  devoted  to  a  discussion  of  intangible  values  and 
to  other  matters  which  may  in  many  cases  have  an  important  bearing 
in  the  final  determination  of  "value". 

9. — Until  the  science  of  valuation  and  the  adoption  of  sound 
accounting  methods  have  advanced  much  further  than  at  the  present 
time,  it  is  probable  that  different  methods  will  have  to  be  used  in 
different  cases  to  produce  fair  results,  and  special  cases  will  always 
continue  to  arise  which  require  methods  adapted  to  them.  The  aim, 
however,  should  be  toward  uniformity. 

10. — In  questions  relating  to  valuation,  interest  is  an  important 
item  which  should  always  be  considered,  and  when  interest  is  men- 
tioned in  this  report  it  means  interest  compounded  annually. 

The  valuation  of  public  utilities  has  obtained  special  importance 
in  recent  years,  and  most  of  the  literature  relating  to  this  subject 
has  been  issued  within  the  last  sixteen  years.  The  principles  and 
methods  involved  are  now  being  carefully  considered  by  many  public 
service  commissions  and  the  Courts,  as  well  as  by  engineers,  lawyers, 
and  committees  of  various  societies  having  to  do  with  public  utilities. 
The  subject  is  still  in  the  developmental  stage.  Until  recently,  there 
were  no  engineering  or  legal  works  devoted  exclusively  to  the  valuation 
of  public  service  properties,  but  since  1911  several  important  and 
valuable  books  on  this  subject  have  been  published.* 

*  See  "Valuation  of  Public  Service  Corporations,"  by  Robert  H.  Whitten, 
New  York,  1912  and  1914,  a  comprehensive  work  in  two  volumes  in  legal  form,  which 
contains  a  discussion  of  the  various  principles  involved  in  the  valuation  of  the  property 
of  public  service  corporations,  and  is  replete  with  extended  quotations  from  the  opinions 
of  the  Courts  ;  also,  the  following:  "Valuation  of  Public  Utility  Properties,"  New  York, 
1912,    and    "Value   for    Rate-Making,"    New    York,    1916,    by    Henry    Floy ;    "Public 
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The  Committee,  in  preparing  this  report,  has  carefully  considered 
tlie  views  expressed  in  these  recent  works  and  in  the  many  written 
discussions  on  the  Progress  Report. 

utilities.  Their  Cost  New  and  Depreciation,"  New  York,  1913,  and  "Public  Utilities, 
Their  Fair  Present  Value  and  Return,"  New  York,  1915,  by  Hammond  V.  Hayes  ; 
•Principles  of  Depreciation,"  New  York,  1915,  by  Earl  A.  Sailers  ;  and  "Public 
Utility  Rates,"  New  York,  1916,  by  Harry  Barker. 

See  also  Bibliography  to  July  16th,  1913,  containing  61  pages,  prepared  In  the 
Library  of  the  American  Society  of  Civil  Engineers,  under  the  direction  of  the  Secre- 
tary, at  the  request  of  the  Committee,  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXVI, 
December,  1913,  p.  2133.  This  bibliography,  together  with  an  additional  72  pages, 
bringing  it  up  to  December  23d,  1915,  has  been  published  by  the  American  Electric 
Railway  Association. 
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CHAPTER  II. 


FUNDAMENTAL  PRINCIPLES  OF  VALUATION. 

A  fundamental  principle  of  primary  importance  is  that  a  valuation 
shall  be  made  so  that  it  will  be  fair  to  all  parties  aifected. 

So  long  as  it  is  desired  that  public  service  corporations  and  not 
government  shall  provide  the  utilities  required  by  the  public,  it  will 
be  necessary,  in  the  exercise  of  public  regulation,  to  use  principles  and 
methods  of  valuation  which,  when  properly  applied,  will  attract  the 
capital  necessary  for  building  new  properties,  for  extending  old  ones, 
and  for  rendering  satisfactory  service. 

Under  normal  conditions,  the  investor  is  induced  to  create  new 
property  by  the  prospect  of  obtaining  a  fair  return  on  the  amount  of 
his  investment*,  and  such  investment  is  a  fair  basis  for  valuing  sucli 
new  property,  but  is  not  necessarily  the  "value". 

Not  many  years  ago,  it  was  very  common  to  value  public  service 
property  by  capitalizing  the  net  earnings,  and  though  the  sum  thus 
obtained  may  be  a  proper  element  for  consideration  under  some  con- 
ditions in  the  valuation  of  a  property,  it  is  manifestly  not  a  proper 
basis  on  which  to  predicate  reasonable  returns. 

The  fundamental  principles  involved  in  the  valuation  of  a  new 
property  are  necessarily  different  in  some  respects  from  those  involved 
in  the  valuation  of  an  old  one,  because  a  new  property,  which  has  not 
begun  to  earn  or  to  have  the  value  of  its  parts  affected  by  appre- 
ciation or  depreciation,  stands  in  a  different  position  from  an  old  one 
which  has  been  in  operation  and  earning  for  many  years,  and  has 
many  parts  which  may  have  appreciated  or  depreciated  in  value.  More- 
over, in  the  case  of  an  old  property,  valuable  property  or  rights  may 
have  been  acquired  or  lost,  without  the  payment  or  receipt  of  money 
therefor,  as  a  result  of  time  or  through  the  failure  of  the  public  or  the 
owner  of  the  property  to  assert  their  authority.  Property  or  rights 
so  gained  or  lost  affect  the  valuation  materially,  and  a  failure  to  recog- 
nize them  would  be  inequitable  to  the  present  owners  of  the  property 
and  to  the  public. 

A  more  extended  statement  will  be  given  of  the  fundamental  prin- 
ciples involved  in  the  valuation  for  various  purposes  of  these  three 
classes  of  property,  namely: 
New  properties; 

Old  properties   under   commission  control   from   their   inception; 
Old  properties   which  have  not  been   subject  to   continuous   reg- 
ulation.   ^ 

•  The  word,  as  used  here,  is  intended  to  mean  the  reasonable  and  proper  Invest- 
ment for  creating  the  property,  and  not  a  recltless  or  improvident  investment. 
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Valuation  of  New  Properties. 

If  a  new  property,  just  ready  for  operation,  is  to  be  valued  in  con- 
nection with  the  determination  of  fair  return,  then,  because  working 
capital  will  be  required,  unfinished  work  must  be  completed,  and 
development  expense  incurred,  a  reasonable  and  proper  basis  for  what 
the  Courts  have  called  "fair  value"  is  the  actual  investment  in  the 
property  devoted  to  public  use  plus  an  estimated  sum  for  working- 
capital,  final  completion,  and  development  expense,  the  word  "invest- 
ment" being  defined,  as  in  this  report,  to 'include  not  only  the  outlay 
of  money  but  also  the  money  value  of  services  and  other  considerations 
involved.  Such  a  basis  is  the  most  rational  one  to  use  in  this 
coimection,  because  a  fair  return  on  such  a  sum,  would  be  a  fair 
return  on  the  investment,  and  this  is  what  is  needed  to  attract  capital 
to  such  properties. 

If  the  same  property,  just  ready  for  operation,  is  to  be  valued  for 
public  purchase  or  in  connection  with  condemnation  proceedings  by  a 
public  body,  such  as  a  municipality,  the  public  purchase  base  of  a  suc- 
cessfully constructed  property  should  be  the  actual  cost,  including 
the  money  value  of  services  and  other  considerations  involved. 

A  valuation  of  the  same  new  property  for  capitalization  should  be 
determined  in  the  same  way  as  the  return  base,  except  that  all  parts 
of  the  property,  whether  devoted  to  the  public  use  or  not,  should  be 
included. 

A  valuation  for  taxation  of  a  public  service  property,  whether  new 
or  old,  must  accord  with  the  laws  of  the  State  in  which  it  is  situated, 
whether  or  not  the  laws  are  equitable,  and,  where  not  governed  by 
such  laws,  should,  to  make  it  equitable,  be  fi:xed  at  a  sum  consistent 
with  the  valuation  of  other  property  for  taxation. 

Valuation    of    Old    Properties    Under    Commission    Control    from 

Their  Inception. 

Some  of  the  basic  principles  involved  in  the  valuation  of  old  prop- 
erties can  be  discussed  best  by  taking  a  hypothetical  case  of  a  normal, 
well-established  property,  operating  without  competition  and  under 
commission  control  as  to  rates,  methods  of  accounting,  etc.,  from  its 
inception.  It  is  assumed  that  such  a  commission  would  have  acted 
throughout  the  life  of  the  property  in  accordance  with  the  basic  prin- 
ciples which  should  govern  in  such  a  case.     Some  of  these  are: 

(a)  The  owner  of  the  property  is  entitled  to  reimbursement  through 
the  earnings  for  all  current  expenses  for  operating  the  property  and 
maintaining  in  good  condition  the  units  of  which  it  is  composed,  in- 
cluding the  amounts  paid  for  taxes. 

(6)  The  owner  of  the  property  is  entitled  to  an  allowance  sufficient 
to  provide  for  the  net  depreciation  in  the  value  of  all  units  of  physical 


1736  VALUATION  OF  PUBLIC  UTILITIES  [Papers. 

property,  whether  resulting  from  decay,  wear  and  tear,  or  other  causes, 
the  amount  of  such  depreciation  allowance  to  be  sufficient  to  pay  for 
all  such  property  units  by  the  time  they  cease  to  have  value. 

(c)  The  owner  of  the  property  is  entitled  to  a  fair  return  on  a 
"fair  value"  of  the  property,  and  such  return  should  include,  not  only 
the  ordinary  rate  of  interest  for  the  use  of  well-secured  capital,  but 
in  addition  a  profit  commensurate  with  the  risks  incidental  to  the 
investment. 

(d)  If,  during  the  early  "years  of  operation,  before  the  property  is 
tuned  up  and  the  business  developed,  it  is  impracticable,  as  generally 
is  the  case,  to  earn  the  current  expenses  (a),  a  suitable  depreciation 
allowance  (6),  and  a  fair  return  (c),  the  owner  of  the  property  should 
be  compensated  in  some  way  for  the  loss  during  the  early  years. 

The  first  of  these  basic  principles  (a)  is  universally  recognized. 

The  second  (h)  does  not  define  whether  the  depreciation  allowance 
shall  be  annual  or  otherwise,  but  the  decision  of  the  United  States 
Supreme  Court  in  the  Knoxville  case  supports  the  equitable  principle 
that  the  allowance  for  depreciation  should  be  earned  annually  and 
should  be  of  sufficient  size  to  keep  the  investment  intact.  A  portion  of 
the  decision  is  as  follows: 

"  *  *  *  the  company  is  entitled  to  earn  a  sufficient  sum  an- 
nually to  provide,  not  only  for  current  repairs,  but  for  making  good 
the  depreciation  and  replacing  the  parts  of  the  property  when  they 
come  to  the  end  of  their  life.  The  company  is  not  bound  to  see  its 
property  gradually  waste,  without  making  provision  out  of  earnings 
for  its  replacement.  It  is  entitled  to  see  that  from  earnings  the  value 
of  the  property  invested  is  kept  unimpaired,  so  that,  at  the  end  of  any 
given  term  of  years,  the  original  investment  remains  as  it  was  at  the 
beginning." 

The  third  basic  principle  (c)  is  applicable  to  normal  properties  and 
especially  to  those  not  subject  to  competition,  and  is  in  accordance 
with  the  general  view  which  has  been  expressed  by  the  United  States 
Supreme  Court  for  many  years,  namely,  that  the  owner  of  a  property 
is  entitled  to  a  fair  return  on  the  "fair  value"  of  the  property. 

The  fourth  basic  principle  (d)  can  be  applied  in  practice  either  by 
increasing  the  "fair  value"  of  the  property  by  the  sum  of  the  de- 
ficiency of  earnings  in  the  early  years,  with  interest,  or  by  allowing 
higher  rates  of  return  in  subsequent  years  to  offset  the  early  deficiency. 
This  subject  is  further  discussed  under  the  head  of  "Development 
Expense". 

Valuation   of   Old  Properties   Which   have   not  been   Subject  to 
Continuous  Regulation. 
The  basic  principles  (a),  (&),  (c),  and  (d),  given  on  the  preceding 
pages,  are  important  in  connection  with  old  properties  not  subject  to 
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continuous  regulation,  but  there  is  another  basic  principle  already 
referred  to,  relating  to  such  property,  which  in  many  cases  makes  the 
sum  representing  the  sacrifice  by  the  owner  an  inequitable  basis  of 
"fair  value".    This  is : 

(e)  Valuable  property  or  rights  may  have  been  acquired  or  lost  by 
the  owner  of  a  public  service  property,  as  a  result  of  time  or  through 
the  failure  of  the  public  or  the  owner  to  assert  their  authority. 

A  failure  to  recognize  such  property  or  rights  in  a  valuation  at  the 
present  time  would  be  unfair  to  the  present  owner  or  owners  of  the 
property  or  to  the  public. 

The  basic  principle  (e)  may  apply  to  many  features  of  an  old 
public  service  property,  but  two  illustrations  will  indicate  what  is 
intended. 

Years  ago,  in  the  absence  of  restrictions  on  rates,  a  public  service 
corporation  may  have  had  very  large  earnings,  and,  after  paying  out 
adequate  dividends,  may  have  had  a  large  surplus,  which  it  expended 
in  increasing  and  improving  its  property.  Such  action  was  then  re- 
garded as  commendable.  If  the  public  for  many  years  has  neglected  to 
exercise  its  right  to  regulate  rates,  it  is  only  just  and  equitable  that 
the  increase  and  improvement  in  the  property  thus  created  should  be 
recognized,  and  that  the  present-day  owners  should  not  be  penalized  for 
this  neglect. 

As  an  instance  of  a  loss  by  the  owner  of  an  old  property,  he  may 
long  ago  have  neglected  to  charge  rates  sufficient  to  maintain  his  invest- 
ment intact,  with  a  resulting  diminution  in  the  value  of  his  property. 
The  public,  many  years  afterward,  could  not  be  expected  to  make  good 
the  deficiency  of  former  years.  This  is  the  view  taken  by  the  United 
States  Supreme  Court  in  the  Knoxville  case,  where  it  states : 

"If,  however,  a  company  failed  to  perform  this  plain  duty  and  to 
exact  sufficient  returns  to  keep  the  investment  unimpaired,  whether 
this  is  the  result  of  unwarranted  dividends  upon  over  issues  of  secu- 
rities, or  of  omission  to  exact  proper  prices  for  the  output,  the  fault 
is  its  own.  When,  therefore,  a  public  regulation  of  its  prices  comes 
under  question,  the  true  value  of  the  property  then  employed  for  the 
piirpose  of  earning  a  return  cannot  be  enhanced  by  a  consideration  of 
the  errors  in  management  which  have  been  committed  in  the  past." 

The  foregoing  discussion  is  based  chiefly  on  grounds  of  equity,  but 
it  is  also  true  that  the  Courts  recognize  as  a  general  rule  that  it  is  the 
present  value  of  property  which  should  be  used,  and  not  its  cost. 

Where  the  sum  representing  the  sacrifice  by  the  owner  cannot  be 
accepted  as  a  basis  for  valuation,  it  is  necessary  to  find  other  bases, 
and  a  discussion  of  these  and  the  fundamental  principles  in  each 
case  will  be  found  in  the  chapters  headed  "Original  Cost  to  Date" 
and  "Cost  of  Reproduction". 
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CHAPTER  III. 


PHYSICAL  PROPERTY  TO  BE  INCLUDED  IN  YALTJATION. 

The  physical  property  to  be  included  in  valuation  varies  in  dif- 
ferent cases  with  the  use  to  which  the  valuation  is  to  be  put  and  the 
law  governing  the  case.  It  is  desirable  to  cover  the  entire  property, 
placing  different  classes  in  separate  schedules,  so  that  full  information 
may  be  available  to  the  Court  or  commission  having  the  final  decision 
as  to  the  property  to  be  included. 

The  most  important  questions  which  arise  in  making  schedules 
are  those  which  ask  whether,  and  to  what  extent,  property  not  devoted 
to  the  public  use,  property  retired  from  service,  teniporary  works, 
donated  property,  leased  property,  working  capital,  and  securities 
owned  shall  be  included.  Is  it  proper  to  exclude  a  part  of  the  total 
value  of  works  on  the  ground  that  they  have  been  built  of  a  size  in 
excess  of  that  required  for  the  service?  Is  the  title  to  a  property  a 
controlling  feature  in  determining  whether  or  not  it  shall  be  included 
in  the  schedule  ?     All  these  questions  will  be  discussed  in  this  chapter. 

Used  and  Unused  Property. 

It  is  the  well-established  rule  of  the  Courts  that  when  a  valuation 
is  made  for  the  purpose  of  rate  regulation,  only  that  property  is  to  be 
included  which  is  devoted  to  the  public  use  or  is  used  for  the  pub- 
lic convenience.  In  a  valuation  for  capitalization,  it  is  obvious  that 
all  the  property  should  be  included.  In  the  case  of  condemnation  of 
a  property  which  is  taken  over  by  the  public  authorities,  all  the  prop- 
erty condemned  would  be  subject  to  valuation,  and  according  to  law 
every  element  of  its  value  should  be  included. 

The  opinion  of  the  United  States  Supreme  Court  wi>,h  regard  to 
the  property  to  be  included  in  valuation  for  rate  regulation  is  shown 
by  the  following  brief  quotations  from  decisions,  covering  the  period 
from  1898  to  1913: 

"The  fair  value  of  the  property  being  used  by  it  for  the  convenience 
of  the  public."  "What  the  company  is  entitled  to  ask  is  a  fair  return 
on  the  value  of  that  which  it  employs  for  the  public  convenience." 
(Smyth  V.  Ames,  169  U.  S.,  466,  March  7th,  1898,  page  546.) 

"The  then  value  of  the  property  actually  used  for  the  purpose  of 
supplying  water."  (Stanislaus  County  v.  San  Joaquin  and  King's 
River  Canal  and  Irrigation  Co.,  192  U.  S.,  201,  January  18th,  1904, 
page  213.) 

"The  fair  value  of  its  property  devoted  to  the  public  use."  "The 
value  of  its  property  actually  used  for  the  public."  (Willcox  v.  Con- 
solidated Gas  Co.,  212  U.  S.,  19,  January  4th,  1909,  page  50.) 
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"The  basis  of  calculation  is  the  fair  value  of  the  property  used  for 
the  convenience  of  the  public."  (Minnesota  Rate  Cases:  Simpson 
et  al.  V.  Shepard;  Same  v.  Kennedy;  Same  v.  Shillaber,  230  U.  S.,  352, 
June  9th,  1913,  page  434.) 

In  view  of  these  decisions,  it  is  clear  that  the  law  does  not  provide 
for  the  inclusion  of  unused  property  in  a  valuation  for  the  purpose  of 
rate-regulation,  but  there  must  necessarily  be  much  latitude  in  the  de- 
termination of  the  property  to  be  classed  as  "used"  and  "unused". 
Although  a  few  of  the  discussions  by  the  Courts  indicate  a  tendency 
toward  the  exclusion  of  all  property  not  "actually  used",  in  cases  of 
doubt  both  Courts  and  commissions  have  in  practice  favored  including 
rather  than  excluding  property. 

Clearly  it  is  a  narrow  construction  of  the  law  to  claim,  as 
has  sometimes  been  done,  that  all  property  not  actively  in  use  at  the 
time  of  the  valuation  should  be  excluded.  A  broader  policy  is  desir- 
able, both  in  the  interests  of  the  owner  of  the  property  and  of  the 
public.  The  property  considered  to  be  devoted  to  the  public  use,  and 
therefore  to  be  valued,  should  include,  not  only  that  in  active  use  in 
the  every-day  operations,  but  that  which  is  properly  and  reasonably 
held  in  reserve  to  insure  the  sufficiency  and  continuity  of  the  service. 

In  general,  it  is  not  proper  to  apply  any  arbitrary  rules  excluding 
property  temporarily  out  of  use.  Railroad  equipment  may  be  stored 
during  periods  of  depression;  snow-plows  and  flangers  are  in  use  only 
a  small  part  of  the  time,  and  thousands  of  other  cases  might  be  cited 
of  property  not  actually  in  service  at  the  time  of  the  appraisal,  but 
useful,  and  essential  as  a  part  of  the  equipment  of  the  property.  In 
like  manner,  the  duplicate  pumps  in  a  water-works,  and  reserve  power 
units  of  all  kinds,  are  essential  to  the  proper  operation  of  the  property 
and  necessary  in  times  of  emergency,  although  not  actually  used  any 
considerable  proportion  of  the  time.  No  rule  of  valuation  which  ex- 
cluded such  property  could  be  sustained  by  sound  reasoning,  as  the 
very  life  of  the  service  depends  to  a  large  extent  on  sufficient  reserve 
to  tide  over  emergency  or  peak  of  business.  Such  property  should  be 
included  in  regular  schedules. 

Recognizing  that  the  erection  of  manufactories  and  other  build- 
ings, the  opening  of  new  streets,  the  laying  out  of  parks,  and  the  making 
of  other  customary  improvements  in  the  neighborhood  of  public  utili- 
ties, as  well  as  increases  in  the  value  of  adjoining  property,  will  make 
the  future  acquisition  of  lands  for  the  expanding  needs  of  such  public 
utilities  difficult  and  expensive,  if  not  impossible,  it  has  been  cus- 
tomary for  public  utilities  to  exercise  foresight  in  the  purchase  of  sur- 
plus land  at  crucial  points,  and  in  the  opinion  of  the  Committee  it  is  in 
the  interest  of  both  the  owner  of  the  property  and  of  the  public  that 
such  land  purchased  in  good  faith  and  held  in  reserve  for  future  use 
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should  be  included  in  the  valuation,  even  though  portions  are  for  a  time 
not  in  active  use. 

The  following  extract  from  a  decision  of  the  New  York  Public 
Service  Commission  for  the  Second  District,  in  a  rate  case,  is  quoted 
as  an  instance  of  what  appears  to  be  a  rational  treatment  of  the  prob- 
lem of  determining  what  portion  of  certain  lands  should  be  included 
as  used  property  (Buffalo  Gas  Co.  v.  City  of  Buffalo,  3  P.  S.  C,  N.  Y., 
2  D.,  553,  February  4th,  1913,  pages  578-579)  : 

"All  of  the  land  at  the  Genesee  Street  plant  should  be  treated  as  in 
the  public  service.  The  contention  of  the  city  that  a  certain  parcel 
next  to  the  canal  is  not  in  the  public  service  should  not  be  allowed. 
It  is  not  in  fact  used  at  this  moment,  but  it  is  directly  adjacent  to  the 
generating  plant  of  the  company,  and  with  any  growth  in  the  business 
would  undoubtedly  be  needed;  and  justice  and  fair  dealing  do  not  allow 
for  a  moment  the  quantity  of  land  to  be  scaled  down  to  the  lowest 
point  possible  under  present  circumstances.  The  company  is  fairly 
entitled  to  a  reserve  of  land  of  this  character  at  this  location    *    *    *. 

"At  East  Ferry  Street  there  are  5J  acres  of  land.  The  only  use  it 
has  in  the  public  service  is  that  of  a  holder  station;  5i  acres  for  this 
purpose  is  not  shown  by  any  evidence  in  the  case  to  be  warranted.  As 
a  matter  of  fact,  but  a  portion  of  this  land  is  used  for  that  purpose; 
and  there  is  no  evidence  showing  that  more  will  be  required  for  public 
use  within  a  reasonable  time  in  the  future  or  in  fact  at  any  time.  An 
allowance  of  one-half  of  this  land  as  being  in  the  public  service  is 
liberal  to  the  company. 

"At  Forest  Avenue  there  are  two  parcels  of  land  separated  by  the 
tracks  of  the  New  York  Central  railroad.  The  smaller  tract  is  rented 
for  and  used  as  a  coal  yard,  and  has  no  connection  whatever  with  the 
public  service.  A  considerable  portion  of  the  larger  tract  next  to  the 
water  is  not  in  fact  used  in  the  public  service  at  the  present  time.  The 
holder  and  engine-house  are  situated  at  one  end  of  the  lot.  and  some 
small  cheap  buildings  at  the  other  end  which  are  not  used  for  gas  pur- 
poses. Owing  to  connection  with  the  street,  location  of  piping,  etc., 
it  is  believed  that  it  may  not  be  unreasonable  to  treat  the  whole  tract 
as  being  in  the  public  service." 

Although  the  Committee  believes  that  the  law  relating  to  used  and 
unused  property  should  be  interpreted  liberally,  as  above  indicated,  it 
recognizes  that,  were  it  the  policy  to  value  all  land  which  the  owners 
of  a  public  utility  might  purchase,  on  the  ground  that  it  would  be 
needed  for  future  use,  such  policy  might  lead  to  speculation  in  land  to 
be  held  for  a  time  at  the  expense  of  the  public  and  subsequently  sold 
at  a  profit,  without  having  served  it. 

A  very  narrow  view  is  sometimes  taken  on  the  area  of  land  to  be 
included  in  a  valuation  for  rate  regulation,  as  for  instance  in  the  case 
of  a  recent  railroad  rate  investigation  where  it  was  claimed  that  there 
should  be  excluded  from  the  valuation  (a)  all  lands  owned  in  terminals 
and  large  cities  not  actually  in  present  use  and  covered  with  tracks. 
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buildings,  or  company  materials,  and  (h)  all  portions  of  the  right  of 
way  not  actually  included  within  the  slopes  of  cuts  or  fills. 

The  width  of  a  railroad  right  of  way  is  determined  by  the  depth 
of  excavations  or  embankments,  the  necessity  of  securing  materials  for 
forming  the  banks,  the  need  of  providing  room  for  the  operations 
of  contractors,  as  well  as  by  consideration  of  the  necessities  of  oper- 
ation. 

Another  case  called  to  the  attention  of  the  Committee  is  an  objec- 
tion to  the  inclusion  of  lots  in  a  city  making  a  right  of  way  225  ft. 
in  width,  while  the  present  use  of  the  property  is  to  support  a  double- 
track  bridge  65  ft.  from  the  top  of  rail  to  ground  surface,  the  present 
structure  covering  the  central  50  ft.  In  this  case  the  entire  strip 
was  amply  justified  on  three  grounds:  (1)  that  it  was  all  needed  for 
the  construction  and  maintenance  of  the  present  large  timber  struc- 
tures and  that  any  less  would  give  insufficient  room;  (2)  that  the 
land  owned  was  barely  sufficient  to  support  an  earth  embankment 
if  that  form  of  permanent  structure  should  finally  be  determined 
upon;  and  (3)  that  the  land  was  necessary  for  the  protection  of  its 
existing  structure  from  encroachment  of  buildings  which  would  create 
a  fire  hazard. 

It  is  the  opinion  of  the  Committee  that,  in  a  valuation  for  the 
purpose  of  rate  regulation,  there  should  be  included,  not  only  the 
lands  actively  in  use  and  covered  by  the  construction,  but  such  addi- 
tional area  as  is  necessary  to  permit  the  economical  construction  of 
the  works,  to  safeguard  the  property  and  protect  it  from  such  en- 
croachments as  might  interfere  with  its  operation  or  create  an  extra 
hazard  and  to  provide  for  permanent  in  place  of  temporary  construc- 
tion. Good  business  judgment  in  the  acquisition  of  land  frequently 
requires  the  purchase  of  a  whole  parcel  of  land  where  the  greater  part 
of  the  parcel  is  required  for  the  purposes  of  the  utility.  All  the  land 
thus  acquired  should  be  included  in  a  valuation. 

If  a  100-ft.  strip  of  land  constituted  a  proper  width  for  con- 
structing a  certain  single-track  railroad  and  permitted  the  construc- 
tion operations  to  be  handled  economically  and  properly,  no  part  of 
that  right  of  way  should  be  excluded  on  the  ground  that  the  embank- 
ments only  occupied  space  equivalent  to  41  ft.  average  width. 

Equally  important  is  the  question  of  inclusion  or  exclusion  in 
valuation  for  rate  regulation  of  lands  held  in  reserve  for  future 
extensions. 

In  very  many,  if  not  most,  eases  where  this  question  is  raised 
it  will  be  found  that  a  tract  of  land  has  been  acquired  sufficient  to 
provide  a  suitable  site  for  the  proposed  plant  and  to  provide  for 
such  extensions  as  are  reasonably  likely  to  be  made  in  the  near 
future.      It    is    poor    business    judgment    to    build    a    gas    plant,    an 
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electric  plant,  a  railroad  shop  yard,  or  other  like  property,  on  land 
just  sufficient  to  hold  the  buildings  and  other  improvements  imme- 
diately necessary,  without  reasonable  provision  for  expansion.  The 
history  of  all  properties  that  have  been  built  in  response  to  reasonable 
demand  for  their  services  has  been  a  history  of  growth,  development, 
and  expansion.  Good  business  policy  would  provide  for  this  expan- 
sion so  far  as  it  can  be  reasonably  anticipated,  and  all  property  should 
be  included  which  is  not  in  excess  of  a  reasonable  amount  for  devel- 
opment of  the  business  over  a  reasonable  period  of  tim.e  in  advance 
of  the  valuation.  Such  a  determination  is  not  a  matter  of  pure 
speculation.  An  investigation  into  the  history  of  the  growth,  expan- 
sion of  business,  and  expansion  of  physical  property  of  the  company, 
together  with  a  consideration  of  existing  conditions  at  each  site, 
should  easily  determine  the  reasonableness  or  unreasonableness  of  the 
inclusion. 

A  very  mooted  question  as  to  the  inclusion  of  land  is  found  in  the 
case  of  a  company  which  has  bought  such  property,  disconnected  from 
existing  works,  for  future  use  and  development.  Often  many  large 
holdings  are  acquired  some  time  in  advance  of  development,  at  prices 
much  lower  than  would  prevail  if  bought  when  the  need  was  pressing 
and  the  transaction  forced.  The  general  policy  of  the  Courts  appears 
to  have  been  to  exclude  such  holdings  in  cases  relating  to  rate  regu- 
lation, unless  it  was  apparent  that  the  property  was  to  be  used  in 
the  near  future. 

While  the  rulings  of  the  Court  in  regard  to  the  exclusion  of  such 
reserve  properties,  or  properties  which  have  not  yet  come  into  use, 
may  be  justified  on  the  ground  that  the  company  may  defer  its  pur- 
chase unless  it  is  willing  to  take  the  risk  that  the  advance  in  value 
will  furnish  sufficient  compensation  for  holding  the  property,  and 
while  it  is  true  that  there  are  cases  in  which  to  include  all  such 
properties  would  lead  to  abuse,  the  Committee  is  of  the  opinion  that 
there  are  other  cases  in  which  it  is  very  desirable,  in  the  interests 
of  economy  and  efficiency,  that  corporations  should  anticipate  the 
future  needs  of  the  service,  and  that  the  reserve  properties  held  to 
meet  such  future  needs  should  be  included  in  valuation.  Instances 
might  be:  a  distributing  reservoir  site  on  the  top  of  a  hill,  purchased 
before  the  hill  property  is  sub-divided  into  streets  and  house  lots; 
a  dock  site  on  a  deep-water  harbor  for  the  future  use  of  a  railroad; 
and  water  rights  acquired  when  they  can  be  obtained  at  small  cost, 
lest  by  reason  of  later  developments  the  company  may  have  to  pay 
heavy  consequential  damages  or  substantially  monopoly  prices  for 
them,  or  even  be  unable  to  obtain  them  if  they  have  been  appropriated 
by  others,  the  last  instance  being  particularly  applicable  to  the  semi- 
arid  and  arid  regions  in  the  Western  and  Southwestern  United  States. 
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The  foregoing-  views  may  be  less  applicable  when  the  valuation  of 
the  land  purchased  for  future  use  is  based  on  the  reproduction  cost, 
than  when  based  on  original  cost,  because,  if  the  public  is  required 
to  pay  an  increased  rate  on  account  of  the  inclusion  of  land  which 
is  not  used,  and  the  increase  in  the  value  of  land  as  shown  by  the 
difference  between  reproduction  and  original  cost  inures  to  the  com- 
pany, an  inequitable  result  may  be  reached. 

In  the  actual  work  of  making  a  valuation,  there  are  many  cases  in 
which  there  would  be  no  difficulty  in  reaching  a  decision  as  to  whether 
or  not  a  given  property  should  be  classed  as  a  part  of  that  used  for  the 
convenience  of  the  public.  For  instance,  property  used  for  the  com- 
mercial mining  of  coal,  although  owned  by  a  railroad  company,  obvi- 
ously should  not  be  included  in  a  valuation  of  the  property  of  that 
company  devoted  to  the  public  use,  but  there  are  other  cases  in  which 
it  is  more  difficult  to  decide.  Among  these  may  be  mentioned  office 
buildings  owned  by  public  service  companies,  which  are  rented  wholly 
or  in  part  to  the  public,  property  temporarily  leased  to  others,  pending 
its  active  use  in  the  service  of  the  public,  and  hotels  and  parks  owned 
by  railroad  companies.  Matters  of  this  kind  generally  have  to  be 
settled  by  a  consideration  of  the  specific  cases,  on  the  basis  that  prop- 
erties which  are  a  part  of  the  operating  plant  of  the  company  or  are 
being  used  for  the  convenience  or  benefit  of  the  public  should  be 
included.  When  so  included,  the  income  arising  from  the  operation 
of  these  properties  should  be  duly  credited. 

Retired  or  Discarded  Property. 

Closely  allied  with,  and  in  fact  a  part  of,  the  unused  property  is 
that  which  has  been  used  by  a  public  service  company  and  has  been 
retired  or  discarded  prior  to  the  time  of  the  valuation. 

Under  the  rulings  of  the  Supreme  Court,  and  in  accordance  with 
many  rulings  of  other  Courts  and  of  commissions,  such  property 
would  be  excluded  from  a  valuation.  There  are  cases  in  which  such 
rulings  seem  to  be  opposed  to  fair  dealing  to  the  owner  of  the  prop- 
erty abandoned.  Instances  of  this  kind  may  be  found  where  a  tele- 
phone or  electric  light  company  is  suddenly  ordered  to  remove  all 
overhead  wires  and  place  them  underground,  before  the  company  has 
had  an  opportunity  to  charge  off  the  cost  of  the  overhead  wires. 

Under  public  regulation  at  the  present  time,  due  account  is  some- 
times taken  of  that  part  of  the  cost  of  the  discarded  property  which 
has  not  been  charged  off,  and  the  public  service  company,  instead  of 
being  required  to  charge  the  remaining  cost  of  the  discarded  property 
at  once  to  operating  expense,  is  permitted  to  charge  it  to  a  suspense 
account  for  the  purpose  of  distributing  the  loss  to  the  operating  ex- 
pense of  a  succeeding  period  of  years. 
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The  Interstate  Commerce  Commission,  in  its  uniform  system  of 
accounts  for  telephone  companies,  referring  to  such  losses,  states 
("Uniform  System  of  Accounts  for  Telephone  Companies",  First 
Issue,  effective  January  1st,  1913,  page  68)  : 

"Losses  of  this  sort  may  be  due  to  the  requirement  by  lawful  au- 
thority or  public  necessity  of  improvements  involving  the  abandon- 
ment of  a  considerable  portion  of  plant  and  equipment  before  it  has 
attained  its  normal  life  in  service,  or  to  an  extraordinary  casualty 
entirely  unforeseen  and  unprovided  for.  The  original  cost  of  the 
property  so  abandoned  or  destroyed  should  be  credited  to  the  fixed 
capital  accounts  in  which  it  was  carried,  and  such  portion  of  the  cost 
as  may  be  authorized  by  the  Commission  may  be  charged  to  the  sus- 
pense account,  the  remainder  of  the  cost,  less  any  salvage,  being 
charged  out  as  elsewhere  provided  in  case  of  retirements  of  property. 
The  suspense  account  so  raised  should  be  credited  and  account  No.  609, 
'Extraordinary  Depreciation',  debited  monthly  with  such  an  amount 
as  will,  through  its  regular  application,  amortize  the  amount  of  the 
loss  at  the  end  of  the  period  designated." 

Similar  provisions  occur  in  the  systems  of  accounts  for  other  car- 
riers. 

In  a  few  instances  public  service  commissions  have  permitted  the 
inclusion  of  discarded  property  in  the  valuation  for  a  term  of  years. 
As  an  instance,  a  decision  by  the  California  Railroad  Commission  in 
a  rate  case  is  quoted  (Solari  v.  Tuolumne  County  Electric  Power 
and  Light  Co.,  3  Cal.  R.  C.  R.,  July  29th,  1913,  pages  1051-1052). 
The  valuation  was  that  of  an  electric  plant. 

"It  seems  fair,  however,  to  permit  the  defendant  during  each  of 
the  ensuing  ten  years  to  collect  rates  high  enough  to  permit  it  to 
charge  off  such  sum  on  its  books  that  by  the  end  of  the  ten  years  the 
principal  so  charged  off,  together  with  the  interest,  shall  have 
amounted  to  the  entire  value  of  the  line  at  the  present  time.  I  be- 
lieve that  it  will  be  very  liberal  on  the  part  of  the  rate-fixing  authori- 
ties to  permit  this  to  be  done." 

Where  plant  units  have  been  worn  out  in  service  and  definitely 
abandoned,  or  by  reason  of  the  reconstruction  of  property,  parts  have 
been  abandoned,  and  are  not  only  unused  but  not  likely  again  to  be 
used,  such  units  and  parts  sljould  appear  either  in  a  separate  schedule 
of  retired  or  discarded  property,  or  such  full  statement  of  the  condi- 
tions should  be  made  as  will  definitely  fix  the  status  of  the  units  or 
parts. 

There  is  another  class  of  property  which,  even  though  out  of  use, 
should  not  be  excluded  from  a  valuation  on  the  ground  that  it  is 
retired  or  discarded  property.  This  includes  the  temporary  works  re- 
quired for  the  construction  of  the  permanent  items  of  physical  prop- 
erty, as,  for  instance,  the  temporary  falseworks  used  to  support  a 
bridge   during  its  construction,   the   coffer-dam  required  to  keep   the 
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site  of  a  dam  or  a  bridge  pier  free  from  water,  or  material  and  labor 
of  preliminary  track  surfacing  required  for  the  protection  of  rails 
from  injury  under  construction  traffic  prior  to  the  commencement 
and  completion  of  permanent  ballasting.  Although  such  temporary 
works  are  discarded  after  the  completion  of  the  permanent  works, 
their  cost  is  clearly  a  part  of  the  cost  of  the  permanent  works,  and 
is  properly  includible  when  determining  unit  prices. 

Similarly,  the  cost  of  temporary  works  which  are  necessarily  built 
in  connection  with  the  construction  of  permanent  works,  as,  for  in- 
stance, the  cost  of  a  pile  bridge  built  in  advance  of  the  completion  of 
a  permanent  bridge  for  the  purpose  of  expeditious  and  economic  con- 
struction, should  be  included  in  the  cost  of  the  permanent  bridge. 

In  accordance  with  the  same  general  principle,  it  seems  proper  to 
include  in  a  valuation  the  cost  of  temporary  works  built  to  furnish 
service  to  the  public  at  an  earlier  date  than  it  could  be  furnished  by 
the  permanent  works.  For  instance,  a  temporary  water-works  pump- 
ing station  is  sometimes  provided  for  use  during  the  construction  of 
a  permanent  pumping  station.  Such  works  may  be  advantageous  to 
the  public  as  well  as  to  the  owner  of  the  public  utility,  and  their  cost 
may  be  regarded  as  a  part  of  the  cost  of  construction,  although  due 
allowance  should  be  made  for  receipts  from  operation. 

Excessive  Size  or  Capacity. 

Somewhat  allied  to  the  question  of  used  and  unused  property  is 
that  of  excessive  size  or  capacity.  It  is  sometimes  claimed  that  the 
public  should  not  be  required  to  pay  rates  on  works  having  a  size  or 
capacity  in  excess  of  that  required  for  the  purposes  of  the  community 
served.  Rulings  on  this  feature  of  valuation  have  been  made  by  the 
Courts  and  commissions  in  several  instances. 

Judge  Savage  of  the  Maine  Supreme  Court  used  this  illustration 
(Brunswick  and  Topsham  Water  District  v.  Maine  Water  Co.,  99 
Maine,  371,  Dec.  14th,  1904) : 

"Suppose  that  a  five-hundred  horse-power  engine  was  used  for 
pumping  when  a  one-hundred  horse-power  engine  would  do  as  well. 
As  property  to  be  fairly  valued,  the  larger  engine  might  be  more  valu- 
able than  the  smaller  one,  yet  it  could  not  be  said  that  it  would  be 
reasonable  to  compel  the  public  to  pay  rates  based  upon  the  value  of 
the  unnecessarily  expensive  engine." 

Judge  Pitney,  of  the  New  Jersey  Chancery  Court,  diminished  the 
valuation  of  a  water  plant  by  nearly  $130  000  out  of  a  total  of 
$1  400  000,  on  the  ground  that  a  36-in.  main  was  used  where  a  30-in. 
main  would  have  been  sufficient,  and  because  a  dam  was  made  of  exces- 
sive width  for  present  purposes  in  order  that  it  might  be  raised  subse- 
quently. (Long  Branch  Commission  v.  Tintern  Manor  Water  Co.,  70 
N.  J.  Eq.,  71,  November,  1905.) 
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In  most  of  the  commission  decisions  stress  is  laid  on  the  necessity 
of  providing  adequately  for  future  needs  in  order  that  satisfactory 
service  may  be  furnished  continuously,  and  it  is  stated  that  it  is  not 
desirable  in  the  general  interest  of  consumers  to  discourage  a  reason- 
ably liberal  provision  for  the  future. 

The  Canada  Board  of  Railway  Commissioners,  in  the  application 
of  the  City  of  Montreal  for  the  reduction  of  telephone  rates,  made 
the  following  statement,  October  28th,  1912: 

"There  is  no  question  that  preparation  for  future  needs  is  one  of 
the  incidents  of  the  proper  management  of  a  public  utility  corpora- 
tion. If  it  is  to  allow  demands  for  service  to  pile  up  and  then  make 
an  expansion  only  after  the  urgency  is  sufficiently  great,  the  public 
will  be  subjected  to  the  disadvantage  of  delay  in  obtaining  service,  and 
at  the  same  time  the  piecemeal  method  of  construction  this  will  neces- 
sitate will  undoubtedly  add  to  the  cost  of  the  plant.  A  comprehensive 
system  of  preparation  for  future  needs  must  be  followed  if  there  is  to 
be  proper  expansion.  Undoubtedly  this  will  normally  lessen  the  cost 
of  construction  to  the  company.  It  is  also  of  advantage  to  the  public 
using  telephone  service  because  it  gives  a  decreased  basis  on  which 
earnings  are  to  be  obtained." 

In  the  case  of  the  Des  Moines  Water  Co.  v.  City  of  Des  Moines, 
the  Master,  in  his  report  of  September  16th,  1910,  says: 

"*  *  *  the  company  has  the  right  to  anticipate  the  growth  of 
its  business  and  to  be  allowed  a  proper  return  on  a  plant  of  sufficient 
capacity  for  such  growth." 

The  Massachusetts  Gas  and  Electric  Light  Commission,  in  the 
Haverhill  gas  rate  case,  decided  December  31st,  1912,  made  this  state- 
ment: 

"The  Board  can  not,  in  the  general  interest  of  consumers,  dis- 
courage the  reasonably  liberal  provision  for  the  future  which  this 
company  seems  to  have  made." 

It  is  the  judgment  of  the  Committee  that  there  should  not  be  a 
reduction  in  the  valuation  on  account  of  excessive  size  or  capacity, 
except  when  the  excess  is  so  great  as  to  be  clearly  unreasonable  and  is 
the  result  of  not  using  proper  foresight.  The  opinions  of  engineers 
and  others  engaged  in  building  public  service  property  differ  materially 
as  to  the  length  of  time  for  which  it  is  economical  and  proper  to  make 
provision  under  the  different  circumstances,  and  property  built  with 
reasonable  foresight  should  not  have  its  value  diminished  because 
expectations  have  not  been  fulfilled  by  subsequent  developments. 

If  the  opposite  course  is  pursued,  corporations  may  be  deterred 
from  making  wise  provision  for  the  future,  thereby  increasing  the 
hazard  of  the  investor,  probably  increasing  the  ultimate  cost  by  reason 
of  premature  retirement,  duplication,  or  piecemeal  construction,  and. 
hence  ultimately  increasing  the  cost  of  service  to  the  public. 
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Donated  Property. 

The  Committee  believes  that  land  or  other  property  which  has  been 
voluntarily  donated  by  the  public  or  by  private  parties  to  a  railroad  or 
other  public  utility  should  be  included  when  determining  the  repro- 
duction cost,  on  the  same  basis  as  land  and  property  otherwise  acquired. 

It  is  especially  true  that  property  donated  many  years  ago  should 
be  so  included,  because  the  company  which  has  held  such  property  for 
a  long  term  of  years,  with  the  acquiescence  of  the  public,  has  acquired 
full  rights  therein,  even  if  it  did  not  have  them  originally.  Such 
donations  were  generally  made  because  companies  could  not  profitably 
furnish  a  demanded  service  without  such  assistance.  The  donations 
were  necessary  to  prevent  the  proposed  project  from  becoming  a 
'losing  venture". 

There  are  some  instances  in  which  a  company  has  the  title  to  a 
given  property  which  should  not  be  included  in  the  reproduction  cost, 
and.  conversely,  other  instances  in  which  a  company  has  no  title  to  a 
given  property  which  should  be  included  in  such  cost.  This  subject 
is  discussed  on  subsequent  pages  of  this  chapter,  under  the  heading 
"Title  to  Property  not  Conclusive". 

Leased   Property. 

In  the  case  of  leased  property,  either  the  property  itself  or  the 
lease  should  be  valued,  as  circumstances  may  dictate. 

When  a  valuation  is  made  for  the  purpose  of  rate  regulation,  it  is 
usually  customary  and  proper  to  include  in  it  property  owned  or  leased 
for  long-term  periods  and  used  for  the  convenience  of  the  public, 
although  the  valuations  of  the  owned  and  leased  property  should  be 
kept  separate  for  the  information  of  the  Court  or  commission.  Short- 
term  leases  may  be  given  a  positive  or  negative  value,  according  to 
whether  they  represent  prospective  profit  or  loss. 

When  a  valuation  is  made  for  the  purpose  of  capitalization,  prop- 
erty leased  to  and  not  owned  by  the  corporation  whose  property  is 
being  valued  should  be  excluded,  although  there  may  be  exceptions 
to  this  rule  in  the  case  of  leases  which  for  any  reason  are  practically 
equivalent  to  ownership. 

When  a  valuation  is  made  as  a  basis  for  selling  the  property  of  the 
operating  company,  the  value  assigned  to  leaseholds  should  depend 
on  the  duration,  character  of  control,  and  advantages  or  disadvantages 
accruing  to  the  lessee  by  reason  thereof. 

The  foregoing  statements  are  chiefly  applicable  to  leases  made 
between  public  service  corporations,  and  may  not  apply  to  the  many 
instances  in  which  minor  leases  are  made  between  a  public  service 
corporation  and  private  parties. 
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Title  to  Property  Not  Conclusive. 

When  a  valuation  of  a  public  service  property  is  made,  it  is  fre- 
quently necessary,  in  order  to  be  fair  to  all  parties  interested,  to  depart 
from  the  usual  rules  relating  to  ordinary  private  property,  and  to 
include  in  the  valuation  more  or  less  property  situated  on  land  to  which 
the  ovpner  of  the  public  utility  has  no  title,  and,  on  the  other  hand,  to 
exclude  property  situated  on  land  to  which  he  has  a  title. 

The  proper  general  rule,  subject  to  exceptions,  appears  to  be  that 
the  owner  of  a  public  utility  is  entitled  to  have  included  in  the  valua- 
tion of  his  property  all  those  works  for  which  he  has  been  required  by 
law  or  necessity  to  pay  the  cost,  including  in  this  class  also  property 
voluntarily  donated,  and  that  there  should  be  excluded  all  those  works 
for  which  other  public  service  companies,  the  public  or  the  users 
have  been  required  by  law  or  necessity  to  pay  the  cost. 

For  instance,  it  would  be  unfair  to  require  a  railroad  company,  as 
a  part  of  the  work  of  abolishing  grade  crossings,  to  raise  highways  in 
order  to  furnish  suitable  approaches  to  an  overhead  bridge,  and  to 
exclude  the  embankments  thus  formed  from  a  schedule  of  the  com- 
pany property  to  be  valued,  on  the  ground  that  the  company  did  not 
have  the  title  to  the  land  on  which  they  were  located,  or  for  the  same 
reason  to  exclude  from  the  schedule  in  the  valuation  of  street  railway 
property  the  pavements  which  the  company  may  have  been  required  to 
lay  in  connection  with  its  tracks. 

Similarly,  in  valuing  a  water  or  gas  property,  it  would  be  unfair 
to  include  in  the  schedule  those  service  pipes  from  the  mains  to  the 
street  line  that  have  been  paid  for  and  are  maintained  by  the  consumers 
of  the  water  or  gas,  unless  contractual  obligations  shall  determine 
otherwise. 

The  pavements  over  the  mains  laid  by  gas  and  water  companies 
furnish  further  instances  of  property  to  which  the  companies  have  no 
title,  but  it  is  generally  conceded  that  the  companies  are  entitled  to  have 
included  in  an  estimated  cost  of  reproduction  the  cost  of  removing 
and  replacing  such  pavements  as  were  actually  removed  and  replaced 
by  them  when  laying  the  mains. 

The  propriety  of  the  inclusion  or  exclusion  of  the  cost  of  removing 
and  replacing  the  paving  over  mains  not  actually  removed  and  re- 
placed, is  discussed  in  the  chapter  on  reproduction  cost.  There  is, 
however,  a  difference  of  opinion  as  to  whether  the  cost  of  removing 
and  replacing  pavements  laid  at  the  expense  of  the  public  after  the 
mains  were  in  place  should  be  so  included.  In  accordance  with  the 
rule  above  stated,  they  should  not  be  included,  though  upon  a  strict 
interpretation  of  reproduction  under  present  conditions,  the  pave- 
ments would  have  to  be  cuj^  and  if  they  can  be  shown  in  fact  to 
increase  the  value  of  the  pipe  system,  and  the  property  as  a  whole, 


Papers.]  VALUATION  OF  PUBLIC   UTILITIES  1749 

this  iiicroiise  in  vulue  may  be  considered.  In  the  most  recent  decision 
of  the  U.  S.  Supreme  Court,  however,  the  Court  has  held  that  they 
did  not  in  fact  increase  value  in  the  case  under  review. 

The  more  recent  and  important  Court  and  commission  decisions 
exclude  from  "fair  value"  those  pavements  and  other  items  laid  or  con- 
structed without  expense  to  the  company. 

In  1907,  the  decision  of  District  Judge  Hough,  of  the  Federal 
Court,  in  the  Consolidated  Gas  Co.  case  (Consolidated  Gas  Co.  v.  City 
of  New  York,  157  Fed.,  849,  December  20th,  1907),  included  in 
"fair  value"  the  increased  construction  expense  of  pipe  systems  over 
which  pavements  had  been  placed  at  the  expense  of  the  city.  On  appeal, 
the  United  States  Supreme  Court  (Willcox  v.  Consolidated  Gas  Co., 
212  U.  S.,  19,  January  4th,  1909)  did  not  take  up  the  question  of  the 
inclusion  of  pavements,  but  concurred  with  the  Court  below  to  this 
extent : 

"And  we  concur  with  the  court  below  in  holding  that  the  value 
of  the  property  is  to  be  determined  as  of  the  time  when  the  inquiry  is 
made  regarding  the  rates.  If  the  property,  which  legally  enters  into 
the  consideration  of  the  question  of  rates,  has  increased  in  value  since 
it  was  acquired,  the  company  is  entitled  to  the  benefit  of  such  increase. 
This  is,  at  any  rate,  the  general  rule." 

In  1912,  District  Judge  McPherson,  of  the  Federal  Court,  in  the 
case  of  the  Des  Moines  Gas  Co.  v.  City  of  Des  Moines  (199  Fed.,  204, 
August  21st,  1912),  supported  the  exclusion  by  the  Master  of  the 
reproduction  cost  of  pavements  laid  at  the  expense  of  the  city,  thus 
taking  a  .position  diametrically  opposite  that  taken  by  Judge  Hough. 

Upon  appeal,  this  case  went  to  the  United  States  Supreme  Court 
(238  U.  S.,  171,  June  14th,  1915),  which  supported  the  attitude  of  the 
Master  and  of  Judge  McPherson  regarding  the  exclusion  of  pavements 
laid  at  the  expense  of  the  city.     Mr.  Justice  Day  says: 

"As  to  the  item  of  $140  000,  which,  it  is  contended,  should  be  added 
to  the  valuation,  because  of  the  fact  that  the  Master  valued  the  prop- 
erty on  the  basis  of  the  cost  of  reproduction  new,  less  depreciation,  and 
it  would  be  necessary  in  such  reproduction  to  take  up  and  replace 
pavements  on  streets  which  were  unpaved  when  the  gas  mains  were 
laid,  in  order  to  replace  the  mains,  we  are  of  opinion  that  the  court 
below  correctly  disposed  of  this  question.  These  pavements  were 
already  in  place.  It  may  be  conceded  that  they  would  require  removal 
at  the  time  when  it  becam.e  necessary  to  reproduce  the  plants  in  this 
respect.  The  Master  reached  the  conclusion  that  the  life  of  the  mains 
would  not  be  enhanced  by  the  necessity  of  removing  the  pavements, 
and  that  the  Company  had  no  right  of  property  in  the  pavements  thus 
dealt  with,  and  that  there  was  neither  justice  nor  equity  in  requiring 
the  people  who  had  been  at  the  expense  of  paving  the  streets  to  pay  an 
additional  sum  for  gas  because  the  plant,  when  put  in,  would  have  to 
be  at  the  expense  of  taking  up  and  replacing  the  pavements  in  building 
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the  same.  He  held  that  such  added  value  was  wholly  theoretical,  when 
no  benefit  was  derived  therefrom.  We  find  no  error  in  this  disposition 
of  the  question." 

One  of  the  modern  decisions  along  these  lines  is  that  of  the  Court 
of  Appeals  of  the  State  of  New  York  (Kings  County  Lighting  Co., 
People  ex  rel.  v.  Willcox,  210  N.  Y.,  479,  March  24th,  1914).  The  New 
York  Public  Service  Commission  for  the  First  District  declined  to 
include  in  a  valuation  of  the  property  of  the  Kings  County  Lighting 
Company  the  pavement  over  its  mains  in  cases  where  such  pavements 
were  not  laid  at  the  expense  of  the  company. 

The  Appellate  Division  of  the  Supreme  Court  of  New  York 
reversed  the  determination  of  the  Commission.  The  case  was  taken 
to  the  Court  of  Appeals,  which  reversed  the  action  of  the  Appellate 
Division  and  sustained  the  ruling  of  the  Commission.  Judge  Miller 
says  (at  pages  494-495)  : 

"In  determining  the  cost  of  reproduction,  the  Commission  allowed 
$12  717  as  the  cost  of  restoring  the  pavement  as  it  existed  when  the 
mains  and  service  pipes  were  laid  in  the  streets.  The  relator  claimed 
an  allowance  of  at  least  $200  000  for  the  cost  of  restoring  pavements 
subsequently  laid,  on  the  theory  that  the  cost  would  have  to  be  incurred 
if  the  mains  were  to  be  laid  to-day.  But  the  new  pavements  in  fact 
added  nothing  to  the  property  of  the  relator.  Its  mains  were  as  ser- 
viceable and  intrinsically  as  valuable  before  as  after  the  new  pavements 
were  laid.  The  controlling  considerations  under  the  preceding  point 
also  determine  this.  The  rights  of  the  public  are  not  to  be  ignored. 
The  question  has  a  double  aspect.  What  will  be  fair  to  the  public  as 
well  as  to  the  relator?  (Smyth  v.  Ames,  supra.)  Should  the  public 
pay  more  for  gas  simply  because  improved  pavements  have  been  laid  at 
public  expense?  It  is  no  answer  to  say  that  the  new  expensive  pave- 
ments suggest  improved  conditions  which,  though  adding  to  the  value 
of  the  plant,  will  not,  by  reason  of  the  greater  consumption,  add  to 
the  expense  per  thousand  feet  of  the  gas  consumed.  The  public  are 
entitled  to  the  benefit  of  the  improved  conditions,  if  thereby  the  relator 
is  enabled  to  supply  gas  at  a  less  rate.  The  relator  is  entitled  to  a  fair 
return  on  its  investment,  not  on  improvements  made  at  public  expense. 
It  is  said  that  the  mains  will  have  to  be  relaid.  So  will  the  new 
pavements,  and  much  oftener.  Both  might  possibly  be  relaid  at  the 
same  time.  The  case  is  not  at  all  parallel  to  the  so-called  unearned 
increment  of  land.  That  the  company  owns.  It  does  not  own  the 
pavements,  and  the  laying  of  them  does  not  add  to  its  investment  or 
increase  the  cost  to  it  of  producing  gas.  The  cost  of  reproduction  less 
accrued  depreciation  rule  seems  to  be  the  one  generally  employed  in 
rate  cases.  But  it  is  merely  a  rule  of  convenience  and  must  be  applied 
with  reason.  On  the  one  hand,  it  should  not  be  so  applied  as  to  deprive 
the  corporation  of  a  fair  return  at  all  times  on  the  reasonable,  proper 
and  necessary  investment  made  by  it  to  serve  the  public,  and  on  the 
other  hand  it  should  not  be  so  applied  as  to  give  the  corporation  a 
return  on  improvements  made  at  public  expense  which  in  no  way- 
increase  the  cost  to  it  of  performing  that  service. 


Papers.]  VALUATION  OF  PUBLIC  UTILITIES  1751 

"The  Appellate  Division  felt  bound  by  the  decision  of  the  United 
States  Circuit  Court  in  the  Consolidated  Gas  Case  (157  Fed.  Rep., 
849),  and  it  is  true  that  such  an  allowance  was  made  in  that  case. 
But  the  United  States  Supreme  Court  held  in  that  case  (212  U.  S.,  19) 
that  the  rate  established  was  not  confiscatory,  and  did  not  pass  on  the 
propriety  of  that  allowance.  What  was  said  in  the  opinion  on  the 
subject  of  present  value  was  merely  a  general  statement  having  no 
necessary  relation  to  the  question  now  under  consideration." 

The  more  recent  decisions  of  the  California,  Illinois,  Indiana, 
Maryland,  New  Jersey,  New  Tork,  Washington,  and  Wisconsin  Com- 
missions have  excluded  from  "fair  value"  the  cost  of  pavements  laid 
without  expense  to  the  company. 

This  subject  is  discussed  further  imder  the  caption  "Shall  Present 
or  Original  Physical  Conditions  Govern?"  on  pages  1761  to  1768. 

Under  special  laws  providing  for  the  creation  of  some  public 
utilities,  of  which  elevated  railroads  and  large  storage  reservoirs  are 
examples,  it  is  required  that  the  owner  of  the  utility  shall  pay  inci- 
dental damages  on  account  of  property  injured,  but  of  which  no  part 
is  taken.  Such  damages  are  an  important  factor  in  the  original  cost 
of  a  property,  and  a  corresponding  item  should  appear  in  the  repro- 
duction cost,  irrespective  of  the  fact  that  the  owner  of  the  public 
utility  has  no  title  to  the  property  in  question. 

Working  Capital. 

It  is  customary  to  include  under  the  term  "working  capital"  the 
amount  of  cash,  materials  and  supplies  provided  for  use  in  the  plant 
but  not  yet  forming  a  part  of  it,  and  other  current  assets  which  are 
essential  for  the  proper  maintenance,  operation,  and  administration  of 
a  property. 

There  should  be  included  in  a  valuation  an  amount  of  working 
capital  sufficiently  large,  not  only  to  meet  the  usual  requirements, 
but  to  provide  for  emergencies. 

Securities  Owned. 

Ordinarily,  the  valuation  of  property  devoted  to  public  use  should 
not  include  securities  owned  or  surplus  cash  not  forming  a  part  of 
working  capital,  except  in  instances  where  such  securities  and  sur- 
plus cash  are  an  offset,  in  whole  or  in  part,  for  depreciation  deducted 
from  the  cost  of  the  property.  The  treatment  of  such  cases  is  covered 
in  Chapter  YI,  "Depreciation  and  Appreciation." 
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CHAPTER  IV. 


ORIGINAL  COST  TO  DATE. 

The  term  ''original  cost  to  date"  is  used  in  the  Federal  Valuation 
Act,  and  appears  to  have  substantially  the  same  meaning  as  the  terras 
"original  cost",  "original  cost  plus  improvements",  and  "actual  cost". 

In  the  absence  of  any  generally  accepted  or  well-defined  legal 
meaning  of  this  term,  the  Committee  has  defined  it  as  '"the  cost  of 
the  original  construction,  plus  all  charges  against  capital  proper, 
under  approved  accounting  principles,  for  expenditures  incurred  there- 
after, and  minus  all  proper  credits  to  capital  for  the  cost  of  property 
which  has  been  disposed  of  or  otherwise  retired". 

Under  this  definition,  the  original  cost  to  date  of  a  property  is 
the  first  cost*  of  the  identical  property  units  now  in  use,  including 
overhead  charges.  This  definition  accords  with  modern  methods  of 
accounting,  by  which  the  cost  of  property  retired  is  credited  to  the 
fixed  capital  accountf  to  which  it  stands  charged,  or  to  some  corre- 
sponding account,  and  the  cost  of  property,  added  as  a  replacement, 
or  otherwise,  is  debited  to  the  fixed  capital  account  or  other  corre- 
sponding account;  it  seems,  also,  to  conform  more  nearly  than  any 
other  definition  with  the  decisions  of  the  Courts  that  property  which 
has  been  retired  shall  be  excluded  (excepting  its  salvage  value)  when 
making  a  valuation. 

In  the  case  of  properties  built  by  present  owners,  original  cost 
to  date  should  agree  with  the  book  or  accounting  cost  in  most  respects, 
if  modern  methods  of  accounting  have  been  followed  from  the  begin- 
ning, but,  even  with  such  properties,  correct  accounting  in  accord- 
ance with  modern  practice  is  rare,  and  book  cost,  even  when  the  books 
have  been  well  kept,  may  differ  greatly  from  original  cost  to  date, 
as  above  defined. 


*  The  definition  of  cost  given  by  the  Committee  includes  "not  only  money  outlay, 
but  also  the  money  value  of  services  rendered  and  of  other  considerations  involved". 

t  In  "Uniform  System  of  Accounts  for  Telephons  Companies",  as  prescribed  by 
the  Interstate  Commerce  Commission,  First  Issue,  Effective  January  1,  1913,  fixed 
capital  is  defined  as  "property,  both  tangible  and  intangible,  which  is  devoted  to 
the  accomplishment  of  the  principal  purposes  of  its  business",  and  it  "consists  of 
original   capital,   additions,   betterments,   and   replacements". 

Referring  to  replacements,  which  it  defines  as  "the  substitution  of  one  building, 
structure,  piece  of  equipment,  or  machinery  for  another  which  it  has  become  neces- 
sary to  retire,  the  substitute  having  substantially  no  greater  capacity  than  the 
property  replaced",  it  provides  the  following  method  of  accounting: 

"The  cost  of  the  fixed  capital  retired  should  be  credited  to  the  fixed  capital 
accounts  In  which  it  is  carried  and  the  cost  of  the  fixed  capital  installed  in  place  of 
fixed  capital  so  retired  should  be  charged  to  the  appropriate  subaccounts  under 
account  No.   101,   'Fixed  Capital   Installed  Since  December  31,   1912'." 

Under  the  head   "Fixed  capital   withdrawn   or   retired",   it  provides  : 

"When  any  tangible  fixed  capital  acquired  subsequent  to  December  31,  1912, 
is  withdrawn  or  retired  from  service  for  any  cause  the  amount  at  which  it  stands 
charged  should  be  credited  to  the  fixed  capital  account  in  which  it  is  charged,  and 
such  amount,  plus  the  expenses  incident  to  the  retirement,  less  the  value  of  salvage, 
should  be  charged  to  account  No.  102,  'Reserve  for  Accrued  Depreciation — Cr.'  " 
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One  important  difference  between  book  or  accounting  cost  and 
original  cost  to  date  has  arisen  from  a  former  method  of  bookkeeping 
which  is  still  in  use  for  some  classes  of  property,  by  which, 
when  a  plant  unit  is  replaced  by  an  identical  unit,  no  entry  is  made 
on  the  books,  and  consequently  the  cost  of  the  original  unit  is  retained 
and  not  the  cost  of  the  succeeding  unit. 

For  instance,  if  a  pipe  costing  $20  per  ton  for  material  is  replaced 
by  one  of  the  same  size  and  weight  costing  $25  per  ton  for  material, 
the  cost  at  $20  per  ton  remains  on  the  books.  Similarly,  if  a  plant 
unit  is  replaced  by  one  of  larger  size  or  heavier  weight,  the  cost  of 
the  additional  size  or  weight  is  entered  on  the  books  at  the  prices 
existing  at  the  time  of  the  replacement,  and  added  to  the  cost  of  the 
original  unit,  so  that  the  new  unit  appears  in  part  at  one  price  and 
in  part  at  another. 

Difficulty  in  Obtaining  Original  Cost  to  Date. 

The  statement  has  frequently  been  made,  by  those  dealing  with 
the  valuation  of  public  service  properties,  that  it  is  not  feasible  to 
obtain  the  original  cost  to  date  of  most  old  properties,  and  this  is 
undoubtedly  true  in  most  cases  in  regard  to  the  older  portions  of 
such  properties  and  to  the  overhead  charges.  The  difficulty,  however, 
has  been  magnified  in  some  cases  by  the  conception  that  original 
cost  to  date  deals  with  the  money  paid  for  original  property  units 
which  have  been  replaced,  and  not  with  that  paid  for  existing  units. 
In  some  cases  much  of  the  difficulty  may  be  removed  under  the 
definition  given  by  the  Committee,  especially  in  the  case  of  short-lived 
property. 

As  original  cost  to  date,  with  comparatively  few  exceptions,  is  not 
the  book  cost  of  the  property  but  the  cost  of  the  existing  items,  it 
■  will  be  necessary  as  a  rule  to  make  a  schedule  of  the  various  existing 
property  items,  in  the  same  way  that  one  would  be  made  for  deter- 
mining the  cost  of  reproduction;  then  reference  would  have  to  be 
made  to  the  accounts,  to  ascertain  the  unit  costs  of  the  items. 

It  would  seem  that  almost  any  system  of  accounts  which  was  cor- 
rectly kept,  even  if  not  based  on  modern  accounting  principles,  should 
show  the  cost  of  those  items  which  have  been  purchased  in  the  last 
10  to  20  years.  The  cost  of  longer-lived  items  may  not  appear  on 
the  books,  or  the  books  for  the  earlier  years  may  not  be  available, 
especially  if  the  properties  have  changed  hands.  In  such  cases,  the 
only  way  in  which  the  determination  of  original  cost  to  date  could 
be  completed  would  be  by  estimating,  from  the  best  information  which 
could  be  obtained,  the  unit  prices  existing  at  the  time  the  property 
items  were  constructed  or  acquired. 
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In  the  case  of  an  old  property  consisting  mainly  of  long-lived 
items,  it  is  seldom  practicable  to  obtain  the  original  cost  to  date,  ex- 
cept for  the  additions  made  in  recent  years,  and  if  such  cost  could  be 
obtained  it  would  have  little  value. 

In  every  case  where  records  of  original  costs  of  presently  existing 
items  are  not  to  be  had,  an  attempt  to  determine  original  cost  to  date 
becomes  an  estimate,  the  correctness  of  which  will  depend  on  the  com- 
pleteness and  accuracy  of  existing  historic  data.  The  result  is  likely 
to  be  less  inaccurate  in  the  case  of  a  recently  built  property  than  in 
the  case  of  an  old  property,  but  in  no  case  in  which  estimate  must  be 
resorted  to  can  the  result  properly  be  called  original  cost  to  date. 

Schedule. 

To  ascertain  original  cost  to  date,  it  is  necessary,  as  a  rule, 
that  a  schedule  be  made  of  the  various  existing  property  items  in 
the  same  way  that  one  would  be  made  for  determining  the  cost  of 
reproduction.  (See  further  discussion  of  "Schedule"  on  pages  1775 
to  1778.) 

Exceptional  eases,  in  which  a  detailed  schedule  may  not  be  neces- 
sary for  all  parts  of  a  property,  include  those  in  which  the  whole  or 
a  part  of  a  property  has  been  built  at  so  late  a  date  that  the  original 
luiits  are  still  in  existence,  and  those  other  properties  of  comparatively 
recent  date  where  the  accounting  has  been  such  that  additions  and 
betterments  are  charged  to  the  fixed  capital  account  and  the  cost 
of  property  retired  has  been  credited  to  this  or  a  similar  account. 
However,  even  in  these  cases,  an  inventory  may  be  desirable  for  the 
purpose  of  checking  the  results  obtained  from  the  books.  Under  the 
most  favorable  conditions  as  to  records,  it  may  be  necessary  to  make 
many  adjustments  in  order  to  obtain  correct  results. 

Costs — Unit  Costs. 

In  cases  where  a  schedule  is  necessary,  the  corresponding  costs  or 
unit  costs  are  also  necessary  in  order  to  complete  the  inventory. 
Whether  these  are  the  actual  costs  of  units  or  groups  of  units,  or  the 
unit  costs,  will  depend  on  the  method  of  bookkeeping  which  has  been 
used. 

There  may  be  many  cases  in  which  work  which  covers  many  items 
has  been  done  by  a  contractor  for  a  lump  sum,  in  which  case  it  may 
be  necessary,  in  making  the  schedule,  to  group  the  items  included  in 
the  contract  and  to  place  opposite  them  the  total  sum  paid  the  con- 
tractor, together  with  all  the  incidental  charges  properly  attributable 
to  the  work. 

When  practicable,  however,  it  is  preferable  to  keep  the  items  on 
the  schedule  separate,  or  in  groups  of  identical  items  of  the  same  age. 
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and  to  apply  unit  costs,  either  given  directly  in  the  books  or  which 
may  be  determined  from  them,  including  in  such  costs  the  direct 
incidental  expenses,  such  as  inspection,  freight,  carting,  storing,  lay- 
ing or  placing,  etc. 

In  the  case  of  property  \mits  acquired  or  created  long  ago,  it  will 
be  impracticable,  as  a  rule,  to  obtain  the  costs  or  unit  costs  from  the 
books,  and  in  such  cases  the  ascertainment  of  the  original  cost  is 
impossible,  and  it  wocdd  have  little  significance  if  it  could  be 
ascertained. 

■  Overhead  Charges. 

The  expenses  to  be  included  in  overhead  charges  are  discussed  more 
fully  under  this  head  in  the  succeeding  chapter  relating  to  cost  of 
reproduction. 

In  brief,  however,  they  may  be  said  to  consist  of  the  preliminary 
expenses  of  promoting,  investigating,  organizing,  and  financing,  and 
the  incidental  expenses  during  construction,  which  may  be  classified 
under  the  heads  of  engineering,  general  expenses  (including  the  ad- 
ministrative, legal  and  financial  expenses,  taxes  and  insurance),  and 
interest. 

When  the  detailed  accoimts  giving  the  cost  of  a  property  are 
available,  these  items  should  appear  in  them,  but  in  many  cases  no 
account  may  have  been  taken  of  the  value  of  the  services  of  those  en- 
gaged in  promoting  and  constructing  the  work,  or  proper  allowance 
for  interest  on  the  capital,  or  the  records  may  be  in  such  shape  as  to 
defy  analysis. 

Bonds  may  have  been  sold  at  discoimts.  Under  the  ruling  of  the 
Interstate  Commerce  Commission,  that  proportion  of  discounts  and 
commissions  on  bonds  is  to  be  included  in  capital  which  is  represented 
by  the  proportion  of  the  construction  period  to  the  life  of  the  bonds. 
The  remainders  of  the  discounts  and  commissions  are  not  to  be  con- 
sidered as  capital,  but  are  to  be  amortized  over  the  remaining  life  of 
the  bonds. 

The  Committee  believes  that  reasonable  conunissions  for  selling 
securities  of  any  kind  should  be  included  as  a  capital  charge,  but  that 
discounts  on  bonds  over  and  above  such  reasonable  commissions  should 
be  treated  as  a  capital  charge  only  in  such  proportion  as  the  con- 
struction period  bears  to  the  life  of  the  bonds,  the  remainder  being 
amortized  over  the  remaining  life  of  the  bonds. 

After  the  construction  period  has  ended  and  the  regular  operation 
of  a  property  has  begun,  the  method  of  accounting  is  frequently  such 
that  the  salaries  and  expenses  of  the  permanent  engineering,  adminis- 
trative, and  legal  stail  are  charged  wholly  to  operating  expenses,  al- 
though a  part  of  the  time  of  this  staff  is  devoted  to  the  construction  of 
additions  to  the  property,  and  should  properly  be  included  as  a  part  of 
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their  cost.  Similarly,  there  is  frequently  a  failure  to  charge  to  the 
proper  account  the  interest  during  the  construction  of  such  additions. 
Adjustments  should  be  made  so  as  to  include  in  the  cost  of  such  ad- 
ditions the  overhead  charges  properly  attributable  to  them.  On  the 
other  hand,  there  may  be  occasion,  when  determining  the  overhead 
charges  from  the  book  accounts  of  an  old  property,  to  make  deductions 
of  such  charges  as  are  properly  attributable  to  plant  units  which  have 
gone  out  of  use. 

The  statements  in  the  last  paragraph  may  invite  the  criticism  that, 
if  the  method  of  bookkeeping  is  such  that  a  part  of  the  overhead 
charges  for  additions  to  the  property  has  been  placed  in  operating 
expenses,  it  has  been  paid  for  by  the  public  and  not  by  the  company, 
and  hence  should  not  appear  in  a  valuation  of  the  property.  In  this 
matter  the  Committee  makes  a  distinction  between  valuation  and 
regulation,  and  takes  the  ground  that  in  valuation  the  total  cost  of  the 
property  should  be  included,  regardless  of  past  methods  of  bookkeeping. 
It  recognizes,  however,  that  in  continuous  regulation,  including  the 
control  of  rates  by  a  public  service  commission,  therq  should  be  no 
duplications  by  charging  items  to  both  the  capital  and  the  expense 
accounts. 

Development  Expense. 

The  development  expense  actually  incurred  in  connection  with  the 
tuning  up  and  creation  of  the  business  of  a  property  should  be  in- 
cluded as  a  part  of  the  original  cost  to  date.  The  subject  is  fully 
discussed  in  Chapter  VTI. 
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CHAPTEK  V. 


COST  OF  EEPRODUCTION. 

The  Theory  of  Reproduction. 

Different  Applications  of  Reproduction  in  Past  Practice. — Cost  of 
Reproduction  is  defined  by  the  Committee  as : 

"The  estimated  cost  of  reproducing  the  property  without  deduction 
for  the  loss  of  value  due  to  age  or  other  causes." 

The  practice  of  those  engaged  in  valuation  work,  from  the  beginning 
of  such  work  up  to  the  present  time,  has  varied  widely  in  the  matter 
of  determining  the  cost  of  reproduction.  Some  base  such  cost  on  exist- 
ing physical  conditions,  others  on  historic  conditions,  and  still  others 
combine  the  two.  Some  engineers  have  included  only  those  physical 
pro])erty  units  which  were  actually  created  in  the  construction  of 
the  property,  that  is,  they  have  used  historic  conditions,  as  to  items 
of  cost,  with  present-day  prices  for  labor  and  material.  Others  have 
used  substitute  units,  or  historic  prices,  or  original  instead  of  present 
methods  of  work,  and  still  others  have  used  original  conditions,  original 
prices,  and  original  methods,  in  making  an  estimate  of  reproduction 
cost. 

This  failure  of  engineers  engaged  in  valuation  practice  to  agree 
on  a  uniform  conception  of  reproduction  has  cast  some  doubt  on  the 
real  worth  of  Cost  of  Reproduction  as  one  of  the  measures  of  value. 

The  United  States  Supreme  Court,  in  the  Nebraska  rate  case, 
states  the  various  matters  to  be  considered  in  determining  value,  as 
follows:  (Smyth  v.  Ames,  169  U.  S.,  466,  March  7th,  1898). 

"And  in  order  to  ascertain  that  value,  the  original  cost  of  construc- 
tion, the  amount  expended  in  permanent  improvements,  the  amount 
and  value  of  its  stocks  and  bonds,  the  present  as  compared  with  the 
original  cost  of  construction,  the  probable  earning  capacity  *  *  * 
are  all  matters  for  consideration  and  are  to  be  given  such  weight  as 
may  be  just  and  right  in  each  case." 

This  case  has  been  cited  in  most  valuation  cases,  and  the  use  of 
the  word  "Reproduction"  has  been  very  general  in  subsequent  decisions, 
although  it  is  to  be  noted  it  is  not  used  in  the  decision  in  Smyth  vs. 
Ames.  It  is  clear  that  the  Courts  in  many  cases  have  recognized  the 
reproduction  estimate  as  one  of  the  most  important  bases  for  deter- 
mining value  (Louisville  &  Nashville  R.  R.  Co.  v.  Railroad  Com- 
mission of  Alabama,  196  Fed.,  800  (1912),  Hon.  Thomas  G.  Jones, 
District  Judge,  N.  &  M.  D.,  Alabama). 

"In  reference  to  the  qi;estion  of  value  with  the  view  of  rate  regula- 
tion, the  most  reliable  test  ordinarily  is  the  cost  of  reproduction  of 
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the  road  as  it  exists.  I  say  'ordinarily'  because  there  may  be  instances, 
which  is  not  the  case  here,  where  by  reason  of  paralleling  the  road  by 
a  new  road,  and  diverting  its  business  or  from  other  causes,  its  value 
may  be  far  less  than  what  it  will  cost  to  reproduce  it  as  it  is  at  the 
time  of  the  inquiry.  The  original  cost  of  the  road  may  in  some  cases 
reflect  light  on,  or  even  determine,  the  present  value,  as  when  it  is 
of  very  recent  construction.  But  ordinarily  it  is  of  little  assistance 
in  that  regard,  since  many  items  of  value  may  be  donations  by  the 
government  or  by  individuals  *  *  *  or  the  road  may  have  been 
built  long  before  the  period  of  inquiry  at  greatly  less  or  greatly  higher 
prices  than  those  prevailing  at  the  time  of  the  inquiry.  *  *  * 
Therefore,  while  looking  at  all  collateral  matters  reflecting  light  on 
the  subject,  the  court  regards  reproduction  cost  as  the  final  test  of 
present  value.     *    *    *" 

In  the  Knoxville  decision  it  is  stated  that: 

"The  cost  of  reproduction  is  one  way  of  ascertaining  the  present 
value  of  a  plant." 

In  this  and  practically  all  other  cases  in  recent  years,  in  which  the 
values  of  old  properties  were  under  consideration,  the  evidence  re- 
lating to  cost  which  has  served  as  a  basis  for  determining  value  has 
been  the  reproduction  cost. 

In  the  case  of  the  Consolidated  Gas  Co.  vs.  City  of  New  York  (157 
Fed.  Eep.,  849,  December  20th,  1907),  District  Judge  Hough  says: 

"The  complainant  demands  a  fair  return  upon  the  reproduction 
value  thereof,  which  is  the  same  thing  as  the  present  value  properly 
considered.  *  *  *  Upon  authority,  I  consider  this  method  of  valu- 
ation correct.  What  the  court  should  ascertain  is  the  'fair  value  of 
the  property  being  used';  what  complainant  'employs  for  the  public 
convenience';  the  'present'  as  compared  with  'original  cost'  (Smyth 
vs.  Ames,  169  U.  S.,  at  page  547  *  *  *)  ;  and  it  is  also  the  'value 
of  the  property  at  the  time  it  is  being  used'  (San  Diego  Land  Co.  vs. 
National  City,  174  U.  S.,  at  page  757  *  *  *,  and  see  also  Stanislaus 
Co.  vs.  San  Joaquin  Co.,  192  TJ.  S.  201  *  *  *).  It  is  impossible  to 
observe  this  continued  use  of  the  present  tense  in  these  decisions  of 
the  highest  court  without  feeling  that  the  actual  or  reproductive  value 
at  the  time  of  inquiry  is  the  first  and  most  important  figure  to  be 
ascertained." 

In  this  decision  value  is  used  in  two  senses :  one,  value  as  the  Com- 
mittee has  defined  it;  and  two,  as  synonymous  with  cost. 

In  the  Minnesota  rate  cases,  it  is  stated  that: 

"The  cost  of  reproduction  method  is  of  service  in  ascertaining  the 
present  value  of  the  plant  when  it  is  reasonably  applied,  and  when  the 
cost  of  reproducing  the  property  may  be  ascertained  with  a  proper 
degree  of  certainty.  But  it  does  not  justify  the  acceptance  of  results 
which  depend  upon  mere  conjecture." 

This  statement  follows  a  discussion  of  the  cost-of-reproduction 
method  as   applied  to  the  determination  of  the  value  of  a  right  of 
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way,  which   consisted   largely  of   terminal  property,   in  which  it  was 
held  that  the  cost  of  reproduction  did  not  give  proper  results. 

This  case  sounds  a  note  of  warning  against  the  use  of  irrational, 
or  unsound,  theories  of  reproduction,  and  the  use  of  mere  conjecture 
in  making  a  reproduction  estimate. 

The  Supreme  Court  has  held  consistently,  in  the  older  cases,  tliat 
in  determining  value,  original  cost  vmder  original  conditions,  and  re- 
production cost  under  present  conditions,  were  of  the  greatest  im- 
portance, though  other  considerations,  such  as  selling  (market)  price 
of  the  securities,  worth  of  the  service  to  the  consumer,  etc.,  were  also 
of  significance.  In  these  older  cases  the  Courts  seem  to  have  said 
that  reproduction  cost  should  be  determined  on  the  basis  of  present- 
day  conditions,  whether  or  not  the  corporation  years  ago  had  to  take 
a  series  of  steps  involving  expense  which  would  not  now  have  to  be 
taken,  or  whether  or  not  the  property  was  built  by  piecemeal  construc- 
tion at  a  necessarily  higher  cost  than  would  prevail  if  all  built  at  one 
time;  that  "present-day  conditions"  means  present-day  prices,  present- 
day  methods,  and  present-day  facilities  for  doing  work,  and  that  these 
should  be  applied  under  existing  physical  conditions. 

With  the  original  cost  and  reproduction  figures  in  hand,  determined 
as  outlined  above,  and  with  such  other  information,  historic  and  other- 
wise, as  was  available,  the  Courts  have  held  that  valuation  should  be 
summed  up  as  a  matter  of  judgment,  giving  due  weight,  not  only  to 
the  results  obtained  by  the  application  of  these  different  measures,  but 
incidentally  to  the  degree  to  which  the  measures  are  equitably 
applicable. 

The  more  recent  and  authoritative  decisions  of  the  higher  Courts, 
though  they  still  lean  toward  defining  the  cost  of  reproduction  as  the 
cost  under  present  conditions,  thus  following  precedent,  also  give  strong 
support  to  the  use  of  historic  physical  conditions,  since,  in  determin- 
ing the  "fair  value"  of  pipes  originally  laid  in  streets  having  no  pave- 
ments, but  in  which  pavements  were  subsequently  laid  at  the  expense 
of  the  city,  they  exclude  from  "fair  value"  the  cost  of  taking  up  and 
replacing  the  pavements  which  would  be  included  if  one  were  to  base 
"fair  value"  on  the  cost  of  reproduction  under  existing  conditions.  In 
other  words,  the  sums  allowed  by  the  Courts  in  determining  "fair  value" 
are  the  sums  which  it  would  cost  to  lay  the  pipes  under  the  physical 
conditions  which  existed  at  the  time  the  pipes  were  laid.  The  subject 
seems  to  be  in  a  developmental  stage  in  the  Courts. 

In  effect,  the  Courts  in  some  instances  appear  to  have  recognized 
that  a  split  standard,  so  to  speak,  or  one  which  might  be  defined  as 
reproduction  cost  under  present-day  material  and  labor  prices,  and 
historic  or  past  physical  conditions,  in  certain  particulars,  would  do 
more  substantial  justice,   or  be  more  equitable  in  the   results  of   its 
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application,  than  either  the  original-cost  theory  under  historic  or 
past  conditions  on  the  one  hand,  or  the  reproduction-cost  theory  under 
present  conditions  on  the  other.  Under  such  a  standard  the  owner 
enjoys  the  advance  in  general  value  standards  indicated  by  the  advance 
in  cost  of  labor  and  materials,  or  suffers  from  the  decrease  thereof, 
if  these  have  declined  in  value,  and  has  recognition  given  to  the  con- 
ditions under  which  he  made  his  investment. 

May  not  the  question  fairly  be  raised:  Has  the  conception  of  re- 
production, based  on  present  conditions,  been  a  proper  conception? 

In  the  opinion  of  the  Committee,  this  subject  is  of  sufficient  im- 
portance to  justify  full  discussion  of  the  question :  What  is  the  proper 
conception  of  cost  of  reproduction  new?  In  this  discussion  the  Com- 
mittee will  point  out  some  of  the  difficulties  to  be  met  in  formulating 
a  rational  conception  of  the  problem,  will  then  try  to  answer  four 
questions,  and  finally  draw  its  conclusion. 

Difficulties  to  he  Met  in  Formulating  a  Theory. — The  original  con- 
ception of  reproduction  undoubtedly  grew  out  of  simple  conditions, 
such  as  would  be  met  in  estimating  the  cost  of  reproducing  a  building 
or  a  single  structure.  In  this  case,  the  difference  between  the  original 
cost  of  the  building  or  structure  and  the  reproduction  estimate  would 
be  due  wholly  to  changes  in  prices  of  labor  and  materials  and  the 
change  in  methods  of  doing  work.  This  simplicity  of  condition  does 
not  obtain  in  the  case  of  a  great  property,  the  actual  construction  of 
which  has  extended  over  many  years,  many  of  the  plant  units  of  which 
have  been  renewed  or  replaced  by  larger  ones  than  were  originally  in- 
stalled, which  has  undergone  changes  and  alterations,  and  the  history 
and  records  of  which  have  not  been  kept  fully  and  completely.  In  such 
a  case  the  making  of  a  complete  estimate  of  the  cost  of  replacement  or 
reproduction  is  a  very  involved  undertaking. 

When  there  are  added  the  complexities  due  to  the  effect  of  works 
built  by  other  companies  than  the  one  under  investigation,  or  by 
municipalities,  or  to  the  growth  of  a  community  or  rearrangement  of 
transportation  facilities  of  a  community  or  section  of  country,  elements 
are  introduced,  the  proper  treatment  of  which  is  vital  to  a  reasonable 
estimate  of  the  cost. 

To  obtain  the  reproduction  cost  of  the  property,  shall  it  be  assumed 
that  all  those  things  must  be  done  that  are  or  were  necessary  to  create 
a  new  property  in  the  same  location  as  that  of  the  existing  one?  It 
is  usually  assumed  that  all  other  existing  properties  or  conditions 
affording  facilities  for,  or  offering  difficulties  to,  the  reconstruction 
of  the  property  under  consideration  continue  to  exist  as  at  present, 
in  so  far  as  they  affect  the  cost  of  reconstruction;  but  one  cannot 
forget  that  the  property  in  question  was  not  built  in  a  day — nor 
during  one  construction  period. 
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Nearly  all  the  second,  third,  and  fourth  tracks,  and  side  tracks, 
of  steam  railroads  have  actually  been  built  years  after  the  original 
construction,  with  certain  disadvantages  arising  from  maintaining 
traffic  but  with  the  advantages  to  be  derived  from  the  existence  of 
a  well-organized  railroad  over  the  entire  route.  The  same  thing  is 
true  of  the  construction  of  many  existing  structures,  such  as  large 
buildings,  bridges,  signal  and  interlocking  systems,  and  other  more 
recent  and  modern  adjuncts  of  the  railroad  systems  of  to-day. 

The  actual  historic  development  of  railroads  has  seldom  been  the 
springing  to  life  of  a  new  complete  up-to-date  property,  but  a  growth 
over  a  long  period  of  years,  each  company  adding  to  its  track  and 
facilities  as  the  needs  of  its  territory  and  its  business  demanded.  The 
same  thing  is  true  of  water-works,  gas,  or  electric  properties,  and  other 
utilities  in  large  cities.  Under  these  conditions,  it  is  clear  that  great 
care  must  be  exercised  in  outlining  the  basis  for  estimates. 

The  four  main  questions  to  be  asked  and  discussed  are: 

1. — Shall  present  or  original  physical  conditions  govern? 
2. — Shall  present  or  original  prices  govern? 
3. — Shall  identical  or  substitute  plant  be  considered? 
4. — What  is  meant  by  the  word  "new",  as  frequently  used  in  con- 
nection with  reproduction? 

1. — Shall  Present  or  Original  Physical  Conditions  Govern? — A 
few  examples  of  actual  conditions  encountered  in  connection  with 
construction  are  presented. 

Wachusett  Reservoir. — This  reservoir  was  built  to  supply  water  to 
the  Metropolitan  District  of  Massachusetts.  To  construct  it,  it  was 
necessary  to  acquire  land  on  which  there  were  many  buildings,  and 
mills  with  their  water  powers.  Included  in  the  reservoir  site  there 
were  also  many  highways  and  two  railroads.  As  a  substitute  for  the 
highways  obliterated,  others  had  to  be  built  around  the  margin  of  the 
reservoir,  and  some  were  raised  above  the  water  level.  One  of  the 
railroads  was  relocated  for  many  miles  at  one  side  of  the  reservoir, 
and  another  was  raised.  To  make  the  reservoir  a  better  receptacle  for 
water,  the  surface  soil  was  stripped  from  its  whole  area.  One  main 
dam  and  two  subsidiary  dams  were  necessary  for  holding  the  water. 
Incidentally,  under  special  laws,  damages  had  to  be  paid  for  real 
estate  which  was  not  acquired,  but  which  was  said  to  be  damaged  in- 
directly by  the  construction  of  the  reservoir. 

Kensico  Dam. — This  dam,  of  the  New  York  Water- Works,  was 
necessarily  located  within  the  limits  of  an  existing  reservoir,  the 
water  of  which  could  not  be  drawn  down  until  two  new  temporary 
reservoirs  had  been  created  farther  up  stream  to  maintain  the  water 
supply.  After  these  had  been  completed,  the  old  Kensico  Reservoir 
was  drained  and  the  old  dam  removed.     After  the  completion  of  the 
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new  Kensico  Reservoir,  the  two  temporary  dams  and  reservoirs  will 
be  useless. 

The  AuSable  Dams. — By  building  three  dams  on  the  AuSable 
River  in  Michigan,  the  Commonwealth  Power  Company  flooded  hun- 
dreds of  acres  to  a  depth  of  40  ft.  There  was  not  a  house,  not  a  mile 
of  road,  no  railroads,  no  damage  to  property  of  any  kind  such  as  was 
encountered  in  the  other  reservoirs.  It  was  only  necessary  to  acquire 
the  needed  lands  and  flowage  and  build  the  dams,  without  property 
damages  in  any  appreciable  amount. 

There  are  now  no  buildings,  roads,  or  railroads  in  the  basins  of 
any  of  these  reservoirs,  nor  does  the  connection  of  the  Kensico 
auxiliary  reservoirs  with  the  constr\iction  of  the  main  dam  appear. 
Therefore,  in  these  three  cases,  presently  existing  conditions  are  not 
indicative  of  work  done  or  difficulties  encountered  in  actual  construc- 
tion in  the  past,  nor  of  what  it  is  fair  to  assume  would  be  the  con- 
ditions to  be  found  had  the  reservoirs  not  been  built.  Conditions 
may  be  now  essentially  similar,  immediately  about  these  reservoir 
sites,  but  it  would  seem  to  be  unfair  for  this  reason  to  assume  like 
conditions  to  govern  the  estimate  of  reproduction  cost  to  be  used 
as  a  basis  of  "fair  value". 

The  theory  of  reproduction  cost  under  existing  conditions  evidently 
was  based  on  the  reproduction  of  property  units  which  now  exist,  such 
as,  for  instance,  buildings,  bridges,  and  other  structures  and  works,  and 
did  not  take  into  account  that,  in  creating  public  service  property, 
there  may  be  much  destruction  as  well  as  construction.  The  destroyed 
property  obviously  does  not  exist,  and  therefore  would  not  be  included 
in  the  inventory  of  property  to  be  valued  if  the  theory  of  determining 
the  cost  of  property  under  existing  conditions  were  followed  strictly. 
In  addition  to  the  destruction  of  physical  property,  cited  in  the  fore- 
going, there  may  be  the  destruction  of  business  and  resulting  damage 
to  surrounding  property,  all  of  which  may  prove  to  be  a  large  element 
of  cost. 

On  account  of  the  destruction  of  business,  it  became  necessary  in 
the  case  of  the  Wachusett  Reservoir  to  pay  for  the  residting  loss,  not 
only  to  those  owning  the  business,  but  to  the  workmen  who  were 
thrown  out  of  employment,  and  to  the  owners  of  surrounding  property 
not  acquired  for  the  reservoir  but  affected  in  value  by  the  destruction 
of  the  manufacturing  and  other  business  in  a  well-populated  valley. 
It  is  clear  that  such  business  will  not  exist  at  the  time  a  reproduction 
cost  is  being  ascertained,  and  therefore  will  not  be  an  element  of  cost 
under  existing  conditions  rigidly  interpreted.  The  destruction  of  the 
business  was  properly  an  important  element  of  cost  in  the  creation  of 
a  reservoir  at  this  site,  would  be  reasonably  certain  to  be  an  element 
of  cost  in  the  production  of  a    reservoir  at  this  site  at  any  date  of 
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estimate,  if  the  existing  reservoir  liad  not  been  built,  and  therefore 
should  be  included  as  an  element  of  cost  of  reproducing'  the  reservoir. 

Your  Committee  is  of  the  opinion  that  all  such  items  of  cost,  due 
to  damages,  destruction  of  property,  purchase  of  rights,  and  temporary 
works,  as  cited  in  these  illustrations,  are  clearly  proper  items  to  be 
included  in  the  reproduction  estimate  v?hen  capable  of  historic  proof. 
It  would  seem  that,  in  such  cases  as  these,  fairness  to  the  owners  of 
the  pro))erty  and  to  the  public  would  necessitate  the  use  of  historic 
conditions,  at  least  to  determine  the  extent,  magnitude,  and  character 
of  property  units  created,  destroyed,  or  removed,  physical  evidence  of 
which  passed  with  the  construction  of  the  property  itself,  and  which  it 
may  reasonably  be  assumed  it  would  still  be  necessary  to  create,  destroy, 
or  remove  were  the  property  to  be  built  new  at  the  date  of  valuation. 

Another  series  of  examples  may  be  found  in  the  conditions  which 
existed  at  the  time  of  construction  of  certain  great  railway  terminals. 

The  Pennsylvania  Railroad  Terminal,  New  York  City. — This  struc- 
ture was  pioneer  construction.  Land  was  purchased  extending  in  a 
strip  across  the  greatest  city  in  the  country.  The  property  was  built 
up  solid  with  buildings,  which  were  not  only  purchased,  but  wrecked, 
and  the  entire  value  thereof  thrown  away.  There  was  no  steam  rail- 
road traffic  to  maintain,  but  there  was  consequently  no  benefit  to  be 
derived  from  the  existence  of  tracks  for  the  removal  of  earth  and 
construction  debris. 

The  New  York  Central  Terminal,  New  York  City. — This  terminal 
replaced  an  old  structure,  which  in  turn  had  succeeded  others  on  the 
same  site.  The  existing  plant  covers  an  extensive  area,  the  larger 
portion  of  which  was  originally,  with  respect  to  the  present  under- 
taking, covered  with  buildings  of  all  kinds  and  intersected  with  streets 
requiring  treatment  in  various  ways,  as  in  the  case  of  the  Pennsylvania 
terminal,  but  in  building  this  terminal,  the  company  maintained  a  for- 
merly created  traffic  without  interruption,  and  though  thereby  the  ex- 
pense of  construction  was  increased  by  the  cost  of  temporary  structures 
to  provide  facilities  for  its  patrons,  longer  time  of  construction,  and  cost 
due  to  the  hampering  of  operations  by  not  having  the  entire  site  avail- 
able for  working  purposes,  it  is  probable  that  these  elements  of  addi- 
tional cost  were  largely  offset  by  the  savings  that  resulted  from  the 
xitilization  of  the  existing  accessorial  tracks  for  the  handling  of  con- 
struction materials  and  the  disposition  of  excavated  materials  in  four- 
tracking  the  Hudson  and  Harlem  Divisions. 

Except  with  respect  to  the  value  of  near-by  lands,  the  present  con- 
■ditions  about  these  two  properties  are  much  alike,  and,  for  anything 
that  appears,  a  reconstruction  programme  for  one  would  be  much  like 
that  for  the  other,  under  present  surrounding  conditions,  and  the 
offsetting  effect  of  the  revenue  earned  by  the  New  York  Central  Rail- 
road, against  its  increased  cost   due  to  maintenance  of  traffic,  gives 
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color  to  the  propriety  of  making'  like  assumptions  for  both  properties. 
But  it  should  be  remembered  that  only  a  part  of  the  property  of  the 
New  York  Central  Terminal  had  to  be  acquired  in  modern  times. 
Much  of  it  was  acquired  years  ago,  when  it  was  not  covered  by  valuable 
buildings,  and  it  would  seem  to  be  unfair  to  assume,  in  a  reproduction 
estimate  which  is  to  serve  as  a  basis  for  "fair  value",  that  all  of  it 
would  be  covered  with  valuable  improvements,  to  be  purchased  and 
wrecked  simply  because  surrounding  land  is  now  so  covered,  or  because 
the  property  acquired  by  the  Pennsylvania  Company  was  so  covered. 
Without  the  existence  of  the  railroad,  the  City  would  not  be  the  city 
that  it  is ;  it  is  what  it  is,  partly  as  the  result  of  the  existence  of  the 
railroad,  therefore  it  cannot  be  said  that  if  the  railroad  had  not  been 
built,  the  surrounding  lands,  and  presumably  the  site  of  the  terminal, 
would  be  covered  with  the  valuable  improvements  now  in  evidence. 
Here  again  it  would  seem  to  be  fair  to  refer  to  history  to  determine 
what  was  done,  and  would  reasonably  be  supposed  still  to  be  necessary 
to  do,  to  construct  the  property  new. 

One  illustration  brought  to  the  attention  of  the  Committee  is  a 
case  of  a  highway  which  originally  crossed  a  steam  railroad  at  a  very 
acute  angle,  making  a-  dangerous  crossing  to  both  railroad  and  public. 
At  its  own  expense,  the  railroad  acquired  land  parallel  with  its  own, 
changed  the  course  of  the  road  for  several  hundred  feet  and  made  a 
right-angled  crossing.  It  was  argued  that,  "in  case  of  reproduction, 
all  other  property  remaining  as  at  present",  the  highway  would  be  in 
its  new  location  and  would  not  have  to  be  reproduced.  On  this  basis, 
many  items  which  the  owner  of  a  railroad  or  other  public  utility  was 
compelled  to  pay  for  might  be  cut  out  of  an  appraisal.  But  the  high- 
way would  be  in  its  original  place  were  it  not  for  the  act  of  the  railroad, 
and  would  have  to  be  moved  by  any  railroad,  building  presently,  if 
the  existing  road  had  not  been  built;  the  evidence  of  the  necessity, 
however,  having  been  destroyed  in  the  doing.  The  cost  was  a  proper 
cost,  capable  of  historic  proof;  and  the  Committee  believes  that  it 
should  be  included  as  a  cost  in  the  estimate  of  reproduction. 

A  certain  railroad  was  built  through  a  heavily  forested  section  of 
country,  largely  to  develop  the  lumber  industry  in  that  section.  The 
land  was  worth,  and  cost  the  railroad  company,  upwards  of  $40  an 
acre  because  of  its  timber  value,  and  the  company  paid  another  $40 
or  $50  an  acre,  for  clearing  and  grubbing.  The  timber  industry 
developed,  the  surrounding  lands  were  cleared  and  proved  to  be  unat- 
tractive for  agricultural  development,  and  no  large  cities  built  up 
along  the  railroad.  To-day  the  timber  is  gone,  there  is  no  clearing 
to  do,  and  the  land  has  depreciated  to  a  value  of  $5  or  $6  an  acre.  In 
this  case  human  progress  has  taken  away  from  the  value  of  the  ter- 
ritory, rather  than,  as  is  more  usual,  added  to  it.     The  railroad  has 
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suffered  as  well,  because  its  local  business  is  largely  gone.  It  has, 
however,  as  a  part  of  a  large  property  that  has  taken  it  over,  developed 
a  good  through  business.  It  would  seem  that  all  these  things  must 
be  considered,  when  determining  whether  the  original  conditions  for 
right  of  way  and  clearing,  capable  of  proof,  shall  be  used  in  an  esti- 
mate of  reproduction  cost,  or  on  the  other  hand  what  would  be  the 
present-day  cost  of  acquiring  the  already  cleared  right  of  way.  It  is 
manifest  that  the  railroad  company  contributed  to  the  present  condi- 
tion, by  providing  the  means  for  removing  the  lumber.  Presumably 
its  promoters  should  have  been  able  to  foresee  what  the  general  result 
of  the  lumbering  operations  would  be,  and  should  have  reimbursed 
themselves,  in  the  early  days  of  the  enterprise,  for  the  possible  future 
loss  in  value,  due  to  the  changed  conditions,  and  in  general  it  must  be 
said  that  such  enterprises  assume  the  hazards  of  such  results  of 
human  progress,  particularly  those  to  which  they  themselves  contri- 
buted largely.  Nevertheless  this  line,  while  apparently  not  now  needed 
for  the  country  through  which  it  operates,  and  which,  but  for  its  con- 
nection with  a  greater  property,  would  certainly  have  to  be  depreciated, 
in  value  by  at  least  the  diminished  cost  of  reproduction;  yet,  as  a 
going  property,  adequately  serving  the  public  in  its  through  business, 
it  would  seem  to  be  unjust  to  take  away  from  it  all  hope  of  future  life 
as  might  result  from  a  limitation  of  its  return  to  "fair  return"  on  a 
greatly  depreciated  actual  investment. 

One  element  of  cost,  being  typical  of  a  class  and  easily  separable, 
deserves  discussion  by  itself.  This  is  the  cost  of  removing  and  replac- 
ing paving  of  streets  over  and  around  public  utility  properties.  It  is 
of  importance  in  connection  with  street  railways  and  all  underground 
conduit  lines  for  gas,  electricity,  water,  or  other  commodities. 

Street  railway  properties  occupying  the  streets  of  large  cities  do 
so  under  grants  which  vary  widely  in  terms  as  to  paving.  In  every 
case  the  burden  is  on  the  company  to  build  such  a  type  of  construc- 
tion as  will  permit  that  part  of  the  public  not  depending  on  the  railway 
company  for  transportation  to  enjoy  the  free  and  unrestricted  use  of 
the  street. 

A  certain  street  railway  company  owns  a  large  mileage  of  track  in 
paved  streets.  In  addition  to  the  not  uncommon  case  of  tracks  which 
were  laid  before  the  streets  were  paved,  several  different  cases  of  com- 
plication as  to  paving  are  found: 

Case  1. — The  street  railway  company  built  all  the  track  founda- 
tions, track  superstructures,  and  pavement. 

Case  2. — The  street  railway  company  built  all  the  track  founda- 
tions  and  superstructures,   but  the  city  built  the  pavement. 

Case  3. — The  street  railway  company  built  the  track  superstruc- 
ture, but  the  city  built  the  track  foundations  and  pavement. 
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Case  4. — The  street  railway  company  built  the  track  foundations 
and  superstructure  and  took  out  and  rebuilt  existing  pave- 
ments, but  subsequently  the  city  repaved  the  entire  street  at  no 
expense  to  the  company. 

In  making  an  appraisal  of  this  property  it  will  be  necessary  to 
define  clearly  what  items  shall  be  included  in  the  reproduction  esti- 
mate, and  to  answer,  among  others,  these  questions:  Shall  allowance 
be  m^de  for  the  removal  of  paving  on  all  streets,  whether  they  were 
unpaved  or  paved  when  the  tracks  were  built?  Shall  allowance  be 
made  for  all  track  foundations,  or  shall  investigation  be  made  as  to 
what  was  done  by  the  city,  and  that  part  excluded?  Shall  allowance 
be  made  for  paving  in  all  streets  in  which  there  is  paving? 

The  Committee  is  of  the  opinion  that  in  all  cases  where  such  ques- 
tions are  at  issue,  the  terms  of  the  contract  should  govern.  The  prop- 
erty built  by  the  corporation  under  the  terms  of  its  charter  or  fran- 
chise, whether  the  items  belong  to  the  corporation  or  the  public,  is  the 
property  to  be  reproduced.  Franchise  or  contract  provisions  usually 
settle  all  questions  of  ownership  or  of  division  of  joint  expense.  Such 
provisions  should  govern  as  to  the  inclusion  of  all,  or  part,  of  the 
expense  in  the  reproduction  estimate.  It  is  immaterial  whether  another 
corporation  or  the  public  is  the  other  joint  owner.  The  division  should 
be  made  on  a  proper  interpretation  of  contract  or  franchise,  and  in 
such  cases  as  those  cited,  no  expense  to  be  borne  by  the  city  under  the 
contract  shovJd  b6  appraised  to  the  railway  company,  and  no  expense 
to  be  borne  by  the  railway  company  under  the  contract  should  be 
omitted  in  determining  the  reproduction  cost.  The  position  taken  in 
some  cases,  that  such  an  expense  as  paving  is  not  a  permissible  capital 
charge  and  therefore  not  an  item  of  cost  of  reproduction  in  the  case 
of  a  street  railway,  does  not  seem  to  be  tenable  when  the  expense  is 
borne  by  the  railway  company. 

When  a  corporation  is  required,  as  is  usual,  to  remove  and  replace 
paving  when  constructing  works  requiring  such  removal  and  replace- 
ment, there  can  be  no  doubt  that  the  existence  of  pavement  in  a  street 
makes  the  construction  of  tracks,  or  the  laying  of  pipes  or  conduits, 
more  costly  than  if  the  pavement  were  not  there.  When  pavement 
exists,  therefore,  at  the  date  of  estimate,  its  effect  on  the  cost  of  re- 
production cannot  be  ignored,  even  though  the  extra  cost  should  not  be 
included  when  using  the  reproduction  cost  as  an  element  of  "fair 
value".  The  item  when  included  should  be  scheduled  separately,  so 
that  it  can  be  omitted  if  that  be  the  will  of  the  determining  body. 

This  subject  has  already  been  referred  to  imder  the  caption  "Title 
to  Property  Not  Conclusive",  on  pages  1748  to  1751. 

The  item  of  clearing  and  grubbing  railroad  rights  of  way  is 
one  concerning  which  question  has  been  raised.     On  few  if  any  rail- 
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roads,  is  there  any  forest  on  the  right  of  way.  Along  many  miles  of 
existing  railroad  there  is  to-day  no  evidence  that  there  ever  was  any 
forest  growth  on  the  right  of  way,  where  history  shows  the  existence 
of  dense  forests  at  the  time  of  original  construction.  It  is  true  that 
this  is  a  minor  question,  because  the  rise  in  land  values,  if  allowed, 
will  in  general — but  not  always — more  than  offset  any  possible  loss  to 
the  company-owner  by  reason  of  the  exclusion  of  the  item  of  clearing 
and  grubbing  actually  paid  for,  but  no  longer  in  evidence  as  ever 
having  been  necessary.  The  fact,  that  there  may  be  offsetting  advan- 
tages and  disadvantages,  does  not  affect  the  principle  involved.  The 
effort  is  to  get  a  basis  for  the  present-day  value  of  the  owners'  invest- 
ment. If,  as  a  result  of  human  progress,  it  would  be  reasonable  to 
suppose  that,  at  the  date  of  valuation,  the  land  occupied  by  the  rail- 
road would  have  been  cleared,  regardless  of  the  existence  of  the 
railroad,  and  it  is  so  cleared,  it  would  seem  to  be  fair  to  omit  clearing 
from  a  reproduction  estimate.  If,  on  the  other  hand,  it  is  fair  to  assume 
that,  but  for  the  presence  of  the  railroad,  the  forest  would  still  be 
there,  the  cost  of  clearing  and  grubbing  should  be  allowed.  There  are 
cases  in  which  one,  or  the  other,  of  the  assumptions  herein  made  is 
clearly  the  correct  assumption,  there  are  other  cases  in  which  it  is  not 
so  clear,  as  to  whether  the  changed  conditions  are  due  to  the  railroad 
itself.  Let  it,  as  the  party  bearing  hazards,  be  given  the  benefit  of 
the  doubt. 

Another  class  of  expenditures,  that  may  be  greatly  affected  by  the 
choice  of  historic  or  present-day  conditions,  is  that  including  promo- 
tion, organization,  financing,  interest  during  construction,  and  some 
other  overhead  charges,  development  expense,  and  the  excess  cost  of 
piecemeal  construction. 

There  will  be  no  difficulty  with  respect  to  newly  created  properties. 
The  question  occurs  with  respect  to  old  properties  of  magnitude,  that 
have  grown  from  relatively  small  beginnings. 

In  such  cases  most  of  these  expenses  would  be  relatively  large  for 
the  original  enterprise,  and  relatively  small,  or  nothing  at  all,  for  the 
smaller  additions  as  they  have  been  made  from  time  to  time — 
although  interest  would  always  be  an  expense,  and  the  others  named 
would  be  incurred  in  greater  or  less  degree  on  all  but  minor  additions. 
And  it  may  very  well  happen  that  important  additions  may  be  of  such 
relative  magnitude  that  all  of  this  class  of  expenditures  will  be  as 
large,  in  percentages  of  the  property  to  which  they  apply,  as  were  the 
original  expenses  of  this  class  of  the  original  property. 

It  wotdd  seem,  therefore,  that  with  respect  to  these  items,  the 
policy  should  prevail,  of  referring  to  the  history  of  the  property,  to 
determine  to  what  portion  of  the  property,  and  how  these  items  of 
expense,  are  properly  applicable,  just  as  has  been  advised  for  the 
determination  of  those  items  of  physical  property  that  are  to  be  in- 
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eluded,  not  forgetting  that  at  least  the  item  of  interest  is  applicable 
to  the  whole  of  the  construction,  but  for  varying  lengths  of  time,  and 
that  development  expense  attaches  to  practically  all  additions  of  any 
considerable  relative  magnitude,  and  the  excess  cost  of  piecemeal  con- 
struction to  all  minor  additions. 

Concerning  facilities  for  doing  work  in  general  it  would  seem  to  be 
logical  to  use  those  of  the  period  of  valuation,  but  with  respect  to  trans- 
portation agencies,  this  may  work  injustice  in  some  cases.  The  Los 
Angeles  Aqueduct,  and  certain  other  works,  all  built  without  near-by 
railroads  to  bring  materials,  men,  and  supplies  to  the  site  of  the  work, 
could  now  have  the  advantage  of  more  recently  constructed  railroads. 
Have  these  great  works,  fully  serving  their  several  purposes,  lost  a 
considerable  portion  of  their  value  by  the  development  of  transporta- 
tion facilities  not  in  existence  when  they  were  built?  It  would  seem 
fair  to  say  "no",  even  though  this  may  seem  to  be  inconsistent  with 
the  position  taken  with  respect  to  most  old  properties.  The  uncer- 
tainties with  respect  to  the  details  of  facilities  existing,  or  used  in  the 
construction  of  old  properties,  and  the  effect  of  these  on  unit  prices, 
which,  as  will  appear  later,  the  Committee  thinks  should  be  as  of  the 
period  of  valuation  for  reproduction  estimates,  make  it  seem  desirable 
and  consistent  to  use  present-day  transportation  facilities  for  most  old 
properties,  and  historic  facilities  for  some  exceptional  cases  of  old  or 
recently  constructed  properties. 

The  conclusion  of  the  Committee  is  that,  while  apparent  present- 
day  conditions,  that  would  affect  the  cost  of  reproducing  the  property, 
must  be  considered  in  any  logical  estimate,  yet  history  must  also  be 
considered  to  determine  what  is  to  be  reproduced,  the  conditions  under 
which  it  is  to  be  reproduced,  and  how  the  estimates  must  be  made; 
that  for  all  those  items,  concerning  which  there  can  be  no  doubt,  the 
engineer  should  use  the  basis  plainly  applying,  and  that  for  those  that 
are  doubtful,  or  have  been  questioned,  he  should  present  the  effect  of 
the  use  of  the  different  bases  clearly,  that  the  determining  body  may 
have  the  data  for  a  wise  decision. 

2. — Shall  Present  or  Original  Prices  Govern? — Prices  for  labor 
and  materials  rise  and  fall,  and  the  cost  of  doing  work  varies,  as  new 
machinery  and  appliances  are  invented. 

The  term  "present  prices"  has  sometimes  been  held  to  mean  the 
prices  of  the  day  of  estimate;  sometimes  the  average  prices  of  a 
greater  or  less  period  just  preceding  the  day  of  estimate;  and  some- 
times the  prices  of  a  similar  period  just  following  the  day  of  esti- 
mate. By  the  term  "present  prices"  the  Committee  means  prices 
averaged  over  a  period  of  time  to  produce  what  may  be  called  normal 
prices,  as  is  fully  discussed  under  the  caption,  "Unit  Prices". 

One  of  the  recognized  bases  of  "value"  of  property  is  the  sum 
that  it  would  cost  to  produce  that  property  or  an  exactly  identical 
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property  at  the  present  time.  Estimates  of  the  "cost  of  reproduc- 
tion" are  made  to  show  what  the  property  could  be  produced  for  new  at 
the  time  of  appraisal,  and  therefore  unit  prices  which  were  actually 
paid  many  years  ago  may  not  now  apply.  It  would  seem  to  be  clear 
that,  in  estimating  the  cost  of  producing  any  property  at  a  given  time, 
unit  prices  which  do  not  and  cannot  prevail  at  the  time  of  the  in- 
vestigation should  not  be  used;  and.  conversely,  it  would  seem  to  be 
equally  clear,  without  argument,  that  the  prices  for  materials  and 
labor  should  be  those  of  the  assumed  time  or  period  of  construction. 
Important  decisions  of  the  United  States  Supreme  Court,  on  which 
the  Committee  bases  its  conclusion,  that  present  prices  for  materials 
and  labor  should  be  used,  are  Willcox  vs.  Consolidated  Gas  Company 
and  the  Minnesota  rate  case.  In  the  former,  Mr.  Justice  Peckham 
says  (212  U.  S.,  19,  January  4th,  1909)  : 

"And  we  concur  with  the  court  below  in  holding  that  the  value  of 
the  property  is  to  be  determined  as  of  the  time  when  the  inquiry  is 
made  regarding  the  rates.  If  the  property  which  legally  enters  into 
the  consideration  of  the  question  of  rates  has  increased  in  value  since 
it  was  acquired,  the  company  is  entitled  to  the  benefit  of  such  increase. 
This  is  at  any  rate  the  general  rule." 

The  decision  referred  to  is  that  of  Judge  Hough  in  Consolidated 
Gas  Co.  vs.  City  of  New  York  (15Y  Fed.,  849,  December  20th,  1907). 

"Upon  authority,  I  consider  this  method  of  valuation  correct.  What 
the  court  should  ascertain  is  the  'fair  value  of  the  property  being 
used'  (Smyth  v.  Ames,  169  U.  S.,  at  page  546,  18  Sup.  Ct.,  at  page 
434  (42  L.  ed.  819));  the  'present'  as  compared  with  'original'  cost; 
what  complainant  'employs  for  the  public  convenience'  (169  U.  S., 
at  page  547,  18  Sup.  Ct.,  at  page  434  (42  L.  ed.  819));  and  it  is  also 
the  'value  of  the  property  at  the  time  it  is  being  used'  (San  Diego 
Land  Co.  V.  National  City,  174  U.  S.,  at  page  757,  10  Sup.  Ct.,  at  page 
811  (43  L.  ed.  115)).  And  see,  also,  Stanislaus  Co.  v.  San  Joaquin  Co., 
192  U.  S.,  201.  24  Sup.  Ct,  241,  48  L.  ed.,  406.  It  is  impossible  to 
observe  this  continued  use  of  the  present  tense  in  these  decisions  of  the 
higher  court  without  feeling  that  the  actual  or  reproductive  value  at 
the  time  of  inquiry  is  the  first  and  most  important  figure  to  be  ascer- 
tained, and  these  views  are  amplified  by  San  Diego  Land  Co.  v.  Jasper 
(C.  C),  110  Fed.,  at  page  714,  and  Cotting  v.  Kansas  City  Stock 
Yards  (C.  C),  82  Fed.,  at  page  854,  where  the  subject  is  more  fully 
discussed.  Upon  reason,  it  seems  clear  that  in  solving  this  equation 
the  phis  and  minus  quantities  should  be  equally  considered,  the  appre- 
ciation and  depreciation  treated  alike.  *  *  *  The  so-called  'money 
value'  of  real  or  personal  property  is  but  a  conveniently  short  method 
of  expressing  present  potential  usefulness,  and  'investment'  becomes 
meaningless  if  construed  to  mean  what  the  thing  invested  in  cost  gen- 
erations ago.  Property,  whether  real  or  personal,  is  only  valuable 
when  useful.  Its  usefulness  commonly  depends  on  the  business  pur- 
poses to  which  it  is  or  may  be  applied.     Such  business  is  a  living  thing, 
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and  may  flourish  or  wither,  appreciate  or  depreciate;  but,  whatever 
happens,  its  present  usefulness,  expressed  in  financial  terms,  must  be 
its  value." 

"As  applied  to  a  private  merchant  or  manufacturer,  the  foregoing 
would  seem  elementary;  but  some  difference  is  alleged  to  exist  where 
the  manufacturer  transacts  his, business  only  by  governmental  license — 
whether  called  a  franchise  or  by  another  name.  Such  license,  however, 
cannot  change  an  economic  law,  unless  a  different  rule  be  prescribed 
by  the  terms  of  the  license,  which  is  sometimes  done,  l^o  such  un- 
usual condition  exists  here,  and,  in  the  absence  thereof,  it  is  not  to  be 
inferred  that  any  American  government  intended,  when  granting  a 
franchise,  not  only  to  regulate  the  business  transacted  thereunder,  and 
reasonably  to  limit  the  profits  thereof,  but  to  prevent  the  valuation  of 
purely  private  property  in  the  ordinary  economic  manner,  and  the 
property  now  under  consideration  is  as  much  the  private  property  of 
this  complainant  as  are  the  belongings  of  any  private  citizen.  Nor 
can  it  be  inferred  that  such  government  intended  to  deny  the  applica- 
tion of  economic  laws  to  valuation  of  increments  earned  or  unearned, 
while  insisting  upon  the  usual  results  thereof  in  the  case  of  equally 
unearned,  and  possibly  unmerited,  depreciation." 

"I  think  the  method  of  valuation  applied  by  the  report  to  land, 
plant,  mains,  services,  and  meters  lawftd." 

.  In  the  Minnesota  rate  cases,  Mr.  Justice  Hughes  says  (230  IT.  S., 
352,  June  9th,  1913)  : 

"It  is  clear  that  in  ascertaining  the  present  value  we  are  not  limited 
to  the  consideration  of  the  amount  of  the  actual  investment.  If  that 
has  been  reckless  or  improvident,  losses  may  be  sustained  which  the 
community  does  not  underwrite.  As  the  company  may  not  be  pro- 
tected in  its  actual  investment,  if  the  value  of  its  property  be  plainly 
less,  so  the  making  of  a  just  return  for  the  use  of  the  property  involves 
the  recognition  of  its  fair  value  if  it  be  more  than  its  cost.  The 
property  is  held  in  private  ownership  and  it  is  that  property,  and  not 
the  original  cost  of  it,  of  which  the  owner  may  not  be  deprived  with- 
out due  process  of  law." 

The  Committee  believes  that  the  foregoing  decisions  require  the 
use  of  present  rather  than  original  prices  in  estimating  reproduction 
cost.  It  recognizes,  however,  that  undesirable  fluctuations  in  the  es- 
timated value  of  property  valued  at  intervals  would  occur  owing  to 
changes  in  prices.  It  suggests  that  this  may  be  avoided  and  the  value 
from  year  to  year  of  a  property  which  has  been  once  properly  valued 
may  be  determined  if  proper  methods  of  accounting  are  adopted. 

In  the  case  of  a  new  or  recently  created  property,  which  has  had 
from  the  beginning,  under  continuous  and  proper  regulation,  a  modern 
system  of  accounting,  which  has  taken  account  of  all  proper  capital 
charges  and  credits,  so  that  the  amount  of  invested  capital  would  be 
known  at  all  times,  such  invested  capital  would  be  entitled  to  greater 
weight  on  equitable  grounds  as  an  indication  of  the  so-called  "fair 
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value"  than  an  estimate  of  cost  of  reproduction  less  depreciation  which 
might  involve  radical  changes  of  prices;  but  we  are  not  now  discussing 
original  cost  to  date,  nor  what  is  the  proper  basis  for  "fair  value".  For 
reproduction  cost  the  Committee  recommends  that,  in  estimating,  the 
prices  prevailing  at  the  assumed  time  of  reproduction  shall  be  used, 
meaning  the  normal  prices  obtained  by  averaging  prices  for  a  proper 
period,  as  is  fully  discussed  subsequently  in  this  chapter  under  the 
caption,  ''Unit  Prices". 

3. — Shall  Identical  or  Substitute  Plant  he  Considered? — Occasion- 
ally an  estimate  has  been  made,  not  of  what  it  would  cost  to  reproduce 
the  existing  unit,  but  of  what  it  would  cost  to  produce  some  substitute 
unit  which  would  perform  the  same  function  as  the  existing  unit. 

For  example,  in  a  valuation  of  an  old  railroad,  it  was  found  that 
all  the  bridge  piers  and  abutments  and  retaining  walls  built  in  the 
early  years  of  the  property  were  of  stone  masonry  which  would  cost  to 
reproduce  new  from  $12  to  $16  per  cu.  yd.,  and  that  all  work  built  dur- 
ing the  last  10  years  was  of  concrete  costing  from  $7  to  $11  per  cu.  yd. 
It  was  argued  that  the  modern  construction,  built  at  less  expense,  ful- 
filled exactly  the  same  functions,  and  that,  if  the  property  were  actually 
to  be  reproduced,  stone  would  not  be  thought  of.  Undoubtedly,  the 
original  construction  was  used  because  it  was  the  best  available,  and, 
in  the  judgment  of  the  engineer  and  directors,  this  was  a  proper 
expenditure. 

In  one  other  case  an  engineer  was  making  an  appraisal  of  a  large 
electric  plant  furnishing  lights  to  a  large  city  and  power  to  several 
hundred  miles  of  railroad.  The  power  plant  as  originally  built  had 
been  outgrown,  and  a  second  plant  had  been  built  alongside  with  about 
equal  capacity.  Both  plants  were  working  to  capacity  during  the  peak 
load,  and  both  plants  were  well  maintained.  It  was  argued  that  one 
modern,  up-to-date  plant  could  be  built  which  would  cost  less  than  the 
reproduction  cost  of  the  two  and  perform  the  same  function. 

Other  illustrations  of  properties,  which  have  been  expanded  to  meet 
the  need  of  rapidly  growing  cities  and  which  in  their  present  form 
represent  very  much  larger  investments  of  capital  than  would  be 
necessary  were  actual  new  construction  to  take  place  at  the  present 
time,  are  afforded  by  the  water  supplies  of  some  American  cities.  One 
western  State  capital  affords  an  excellent  example.  The  first  water 
supply  was  obtained  by  pumping  from  a  near-by  source.  Later,  a 
supply  was  secured  some  20  miles  distant,  but,  in  order  to  make  use  of 
an  infiltration  gallery,  the  water  was  taken  at  a  point  elevated  only 
slightly  above  the  distributing  reservoir  in  the  city,  so  that  the  capacity 
of  the  pipe  was  small  in  proportion  to  its  size,  on  account  of  the 
limited  fall.  Large  filter  beds  were  located  at  this  place;  still  later, 
an  intake  was  located  farther  up  stream,  which  made  available  a 
greater  fall  to  the  reservoir  in  the  city;  another  feature  is  a  large 
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natural  lake  used  as  a  reservoir,  fed  by  a  small  stream,  not  very  far 
from  the  pipe  line  between  the  main  source  and  the  city,  but  at  a 
higher  level;  still  later,  a  great  reservoir  with  a  dam  more  than  200  ft. 
high  was  built  in  the  mountains,  far  above  the  main  source  of  supply. 

It  probably  cannot  be  said  that  the  company  did  not  use  reasonable 
judgment  in  the  laying  of  each  of  the  pipes  and  the  building  of  the 
reservoirs  and  filters  referred  to,  but  if  one  were  to  design  an  equally 
efficient  plant  at  the  present  day  the  water  could  be  taken  from  farther 
up  stream,  so  as  to  have  an  adequate  head;  it  could  be  brought  quite 
near  to  the  city  in  a  masonry  conduit  which  would  cost  much  less  for 
the  same  quantity  of  water  than  the  existing  pipes;  the  lake  or  reser- 
voir could  be  utilized  at  this  level  as  a  storage  reservoir  connected 
with  the  main  supply ;  a  single  filter  plant  at  the  proper  elevation,  much 
higher  than  the  present  one,  could  be  located  comparatively  near  the 
city  as  a  substitute  for  several  independent  filter  plants;  and  two  pipes 
having  the  same  aggregate  capacity  as  all  the  existing  pipes  leading 
from  this  filter  plant  to  the  city  would  cost  much  less  than  the  existing 
pipes  because  of  the  much  greater  available  fall.  To  use  the  estimated 
cost  of  the  substitute  plant  in  this  city  in  lieu  of  the  estimated  repro- 
duction cost  of  the  present  property  would  ignore  a  large  investment 
actually  and  properly  made  by  the  water  company. 

The  cost  of  reproduction  being  always  required  for  the  establish- 
ment of  some  relation  between  the  public  and  its  servant,  the  service 
corporation,  either  with  respect  to  rates  for  service,  purchase  price, 
capitalization,  or  taxation,  it  would  seem  that  the  company  should  be 
credited  with  what  it  has  actually  produced  in  good  faith  and  with 
what  seemed  to  be  good  judgment  at  the  time  the  property  was  created. 

In  the  cases  cited,  the  cost  of  substitute  plants  or  property  units 
altogether  different  from  those  actually  built  would  vary  very  much 
from  the  reproduction  cost  of  the  existing  property,  and  although 
such  a  substitute  property,  much  less  costly  than  the  existing  plant, 
might  furnish  equal  or  better  service,  it  is  not  reproduction  of  service, 
but  of  property,  that  is'  under  consideration;  and  clearly  the  estimate 
should  be  of  existing  property  created  with  public  approval,  rather 
than  of  a  substituted  property. 

In  the  case  of  the  valuation  of  obsolete  units  of  property  still  in 
service,  where  the  unit  is  of  a  type  not  on  the  market  and  not  possible 
to  reproduce  in  kind  at  the  present  time  at  reasonable  cost,  it  may 
be  desirable  to  use  the  cost  of  a  modern  unit  capable  of  performing 
the  same  service,  but  this  would  appear  to  be  the  only  exception,  and 
would  seem  to  apply  only  to  individual  units,  such  as  machines,  wliich 
are  not  capable  of  being  estimated  by  ordinary  standards  used  in 
reproduction. 

Reproduction  in  kind  deals  with  facts,  with  properties  that  have 
physical  existence  and  can  be  measured,  inspected,  and  in  many  cases 
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their  actual  cost  determined.  Production  of  a  substitute  would  be 
based  more  largely  on  speculation;  different  engineers  would  un- 
doubtedly differ  in  their  views  as  to  the  location,  design,  and  cost 
of  the  substitute  plant,  and  an  estimate  based  on  such  a  plant  would 
be  more  difficult  to  support  than  one  based  on  an  existing  plant, 
by  reason  of  conflicting  expert  opinion  as  to  the  proper  procedure. 

Although  the  cost  and  efficiency  of  the  substitute  plant  may  have 
some  bearing  on  the  value  of  the  existing  plant,  remote  though  it 
may  be,  it  has  none  on  reproduction  cost  of  the  existing  property. 

These  views  are  in  accord  with  the  general  practice  of  engineers 
who  have  engaged  in  appraisal  work.  These  engineers  have  valued 
the  identical  property,  and  this  method  of  valuation,  .when  brought 
before  the  various  Courts,  including  the  Supreme  Court  of  the  United 
States,  has  met  with  approval,  although  the  relative  merits  of  the 
two  methods  have  not  been  discussed  by  the  Supreme  Court.  The 
principle  that"  the  identical  property  should  be  valued  has  been 
accepted  apparently  without  discussion. 

In  the  case  of  the  Consolidated  Gas  Co.  vs.  City  of  New  York, 
Judge  Hough  says : 

''In  every  instance,  however,  the  value  assigned  in  the  report 
is  what  it  would  cost  presently  to  reproduce  each  item  of  property 
in  its  present  condition  and  capable  of  giving  service  neither  better 
nor  worse  that  it  now  does.  *  *  *  Upon  authority,  I  consider  this 
method  of  valuation  correct." 

In  the  case  of  the  Kennebec  Water  District  vs.  City  of  Waterville, 
Judge  Savage  says  (at  page  19)  : 

''We  think  the  inquiry  along  the  line  of  reproduction  should, 
however,  be  limited  to  the  replacing  of  the  present  system  by  one 
substantially  like  it.  To  enter  uiwn  a  comparison  of  the  merits  of 
different  systems — to  compare  this  one  with  more  modern  systems- 
would  be  to  open  a  wide  door  to  speculative  inquiry,  and  lead  to  dis- 
cussions not  germane  to  the  subject.  It  is  this  system  that  is  to 
be  appraised,  in  its  present  condition  and  with  its  present  efficiency." 

In  harmony  with  the  foregoing  arguments,  it  is  recommended  that, 
for  whatever  purpose  in  connection  with  the  relations  of  the  public 
and  the  service  corporation  the  cost  of  reproduction  is  required  or 
desired,  the  estimate  should  be  made  with  respect  to  the  identical 
property,  and  not  with  respect  to  some  substitute  property  to  perform 
the  same  service. 

Jf. — What  is  Meant  hjj  the  Word  "New",  in  the  Phrase  "Cost  of 
Reproduction  New"? — The  words  "Cost  of  Reproduction  New"  are  of 
such  frequent  occurrence  in  valuation  cases,  and  seem  to  have  given 
rise  to  such  diverse  views,  that,  before  the  proper  conception  can  be 
finally  determined,  it  is  necessary  to  give  consideration  to  the  proper 
weight  to  attach  to  the  word  "New". 
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For  example,  a  certain  logging  railroad  is  51  miles  long.  It  was 
laid  entirely  with  relayer  rails;  ten  second-hand  locomotives  and 
certain  second-hand  cars  were  purchased  and  have  been  used  for  some 
j'ears.  It  would  be  permissible  under  some  conceptions  of  reproduc- 
tion to  estimate  all  this  rail  and  equipment  as  new,  but,  such  a  con- 
ception would  not  appear  to  be  proper.  The  term  "new"  in  a  case 
of  this  kind  would  apply  to  the  character  and  condition  of  the  second- 
hand materials  as  they  were  originally  installed,  and  their  depreciation 
would  be  measured  by  the  difference  between  their  condition  at  that 
time  and  at  the  date  of  valuation.  The  rail  and  the  equipment  are 
larger  and  more  expensive  than  the  road  would  be  justified  in  buying 
if  it  bought  them  new.  The  property  as  "reproduced",  if  conceived  to 
be  new  rail  and  equipment,  is  not  identical  with  the  original  prop- 
erty when  it  was  "new"  or  first  built.  There  are  costs  estimated  which 
did  not  enter  into  the  original  investment. 

Another  example. — On  a  little  draw-bridge  a  motor  has  been 
installed  which  is  in  fact  an  old  street  railway  motor  capable  of 
performing  its  new  function  indefinitely.  It  is  of  much  greater 
capacity  than  would  be  needed  for  the  bridge,  and  if  a  new  motor 
had  been  installed  a  much  smaller  and  less  expensive  type  would 
have  been  selected. 

In  the  examples  cited  it  would  seem  that  the  properties  when 
created  "new"  were  partly  second-hand,  and  the  reproduction  esti- 
mate should  include  relayer  rails  at  relayer  prices,  second-hand  equip- 
ment and  second-hand  motor  at  prices  fair  for  the  actual  items  at 
second-hand. 

The  Federal  Valuation  Act  particularly  requires  that  there  shall  be 
found:  "The  original  cost  to  date;  the  cost  of  reproduction  new;  the 
cost  of  reproduction  less  depreciation." 

In  view  of  the  wording  of  the  Valuation  Act,  some  have  assumed 
that  the  word  "new"  requires  the  assumption  of  new  rail  in 
making  a  valuation,  but  that  where  records  show  that  the  material 
in  the  road  was  originally  second-hand  material,  and  is  at  present 
second-hand  material,  an  initial  depreciation  equivalent  in  amount 
to  the  difference  between  the  cost  per  ton  of  new  rail  and  the  cost 
per  ton  of  relayer  rail,  such  as  was  used,  may  be  entered  under  the 
depreciation  column.  A  further  examination  of  the  property  itself 
at  date  of  valuation  will  determine  whether  or  not  there  is  any  addi- 
tional   depreciation,    and    to    what    extent    it    exists. 

We  speak  of  a  new  property  and  thereby  refer  to  a  property  which 
has  been  created  where  no  such  property  existed  before.  It  may  be 
of  new  material  in  all  its  parts,  or  it  may  be  "new"  as  to  grading, 
ownership  of  land,  and  many  other  of  its  elements,  but  have  second- 
hand material  and  equipment  entering  largely  into  its  construction. 

If  substitute  units  are  to  be  excluded  from  consideration,  consist- 
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eucy  demands  that  original  conditions  of  existing  units  in  their 
present  service  must  be  restored,  and  that  no  interpretation  of  the  word 
''neV  is  to  be  permitted  which  places  a  property  unit  in  any  better 
or  worse  condition  that  it  was  in  when  first  installed  in  present 
service.  The  property  to  be  reproduced  is  the  existing  property.  Each 
unit  of  property  Avhich  is  in  existence  is  to  be  reproduced  in  the  same 
condition  as  it  was  when  it  was  put  to  its  present  service. 

Conclusion  as  to  the  Proper  Conception  of  Reproduction. — In  line 
with  the  foregoing  discussion,  the  Committee  recommends  that  repro- 
duction estimates  be  based  on  the  assumption  that  the  identical  prop- 
erty is  to  be  reproduced,  rather  than  a  substitute  property;  that  while 
apparent  present-day  conditions,  that  would  aifect  the  cost  of  repro- 
ducing the  property,  must  be  considered  in  any  logical  estimate,  yet 
history  must  also  be  considered,  to  determine  what  is  to  be  repro- 
duced, the  conditions  under  which  it  is  to  be  reproduced,  and  how  the 
estimates  must  be  made;  that  for  all  those  items,  concerning  which 
there  can  be  no  doubt,  the  engineer  should  use  the  basis  plainly  apply- 
ing, and  that  for  those  that  are  doubtful,  or  have  been  questioned, 
he  should  present  the  effect  of  the  use  of  the  different  bases  clearly, 
that  the  determining  body  may  have  the  data  for  a  wise  decision;  and 
that  normal  present  conditions  shall  determine  the  prices  and  methods 
for  doing  the  work. 

Work  Preliminary  to  the  Making  of  the  Estimate  of  Eeproduction. 

The  Schedule. — The  first  step  in  estimating  the  reproduction  (!ost 
of  a  property  is  such  a  study  of  the  property  and  its  history  as  will 
enable  the  estimator  to  make  a  complete  list  of  all  items,  lay  out  a 
proper  financial  and  construction  programme,  and  fix  proper  unit 
prices  to  the  several  items  of  the  schedule. 

Every  appraisal  offers  its  own  problems,  and  it  would  be  impossible 
for  the  Committee  to  lay  down  any  fixed  rules  for  the  detail  of  ap- 
praisal that  would  be  of  universal  or  even  of  general  application. 

When  the  records  of  a  company  owner — maps,  plans,  speciifications, 
deeds,  and  other  titles  to  property — engineering  records  of  construc- 
tion and  accounting  records  are  sufficiently  complete,  it  may  be  possible 
and  permissible  to  make  up  schedules  from  the  records  and  depend  on 
inspection  in  the  field  to  furnish  a  check  on  the  records  and  to  apply  in- 
formation to  make  good  any  deficiencies.  Where,  however,  as  is  often 
the  case,  the  records  are  incomplete  and  fragmentary,  it  becomes  neces- 
sary to  make  most  careful  field  schedules  of  the  property,  using  the 
records  as  far  as  practicable  to  check  field  measurements  and  to  furnish 
as  much  light  as  possible  on  the  history  of  the  construction. 

Classification  of  Property. — For  scheduling,  the  property  should  be 
divided  into  groups  of  items  or  units,  preferably  following  some  well- 
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established  classification  of  accounts.  For  example,  in  railroad  valua- 
tion, the  grouping  of  items  in  each  schedule  should  follow  the  group- 
ing in  the  corresponding  account  of  the  Interstate  Commerce  Com- 
mission's Classification  of  Property  chargeable  to  capital  accounts. 
Where  units  of  property  or  items  of  cost  appear  to  have  no  place  in 
such  classification  of  accounts,  but  are  clearly  part  of  the  cost  of  the 
property  or  are  claimed  as  such,  they  should  be  set  up  as  a  sub-group, 
in  the  account  that  appears  to  be  most  appropriate. 

Field  Schedules. — When  it  becomes  necessary  to  make  surveys  or 
field  inspections  in  order  to  prepare  the  schedules,  it  is  desirable  that 
each  property  unit  in  each  schedule  be  described  so  fully,  and  identified 
by  such  complete  measurements,  that  no  question  could  be  raised  as 
to  its  identification  or  as  to  the  propriety  of  the  use  of  the  unit  price 
that  is  subsequently  assigned  to  it.  It  is  entirely  possible  to  prepare, 
based  on  field  work  alone,  complete  schedules  of  all  visible  physical 
property  of  a  company  operating  any  sort  of  a  public  utility,  but  it 
must  be  borne  in  mind  that  such  schedules  are  not  complete,  because 
they  ignore  the  history  of  the  construction,  and  that  by  no  means  all 
the  legitimate  cost  of  creating  or  reproducing  any  property  is  repre- 
sented by  visible  physical  property,  even  where  every  item  is  capable 
of  being  fully  measured.  Careful  consideration  must  be  given  to  such 
history  as  shows  any  specially  favorable  or  unfavorable  conditions  that 
may  have  been  encountered  during  the  construction  of  these  items. 

It  must  be  emphasized  that  all  items  of  material  or  work  which  en- 
tered into  or  were  incidental  to  actual  existing  units  are  to  be  con- 
sidered in  the  reproduced  units  as  far  as  they  can  be  determined. 

Use  of  Records. — Most  careful  study  of  all  existing  records  consti- 
tutes an  essential  part  of  the  work  of  a  reproduction  estimate.  Every 
plan,  note,  or  cost  record  existing  which  relates  to  a  plant  unit  meas- 
ured and  described  in  the  field  should  be  studied  so  that  error  may  be 
eliminated  and  full  data  secured.  It  frequently  occurs  that  plans  are 
made  for  a  structure  and  that  during  construction  changes  were  made 
without  notation  on  the  original  plans,  such  changes  being  indicated 
by  fragmentary  supplementary  plans  which  are  not  preserved,  or  by 
no  plans  at  all.  In  all  such  cases  the  appraisal  record  should  correct 
the  existing  record  as  completely  as  practicable.  Existing  records 
should  be  used  to  the  fullest  extent  to  identify  invisible  items  of  prop- 
erty, such  as  underground  construction  or  other  inaccessible  property, 
and  to  establish  the  nature  and  condition  of  existing  items  when 
originally  installed. 

Additional  Information  Not  in  Official  Records. — Occasionally  a 
case  will  be  encountered  wliere  the  history  of  the  property  is  not  to  be 
determined  with  any  degree  of  completeness  from  existing  records,  but 
on  inquiry  among  former  officials,  former  employees,  consulting  engi- 
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neers,  contractors,  or  others  who  may  have  had  connection  with  the 
property  during  all  or  a  part  of  the  building  period,  a  large  amount 
of  thoroughly  reliable  information  may  be  had  which  will  throw  great 
light  on  history  and  on  costs.  The  use  of  all  such  data  is  highly 
desirable. 

Little  dependence  should  be  placed  on  mere  gossip  or  recollection 
unaided  in  any  way  by  record,  especially  if  it  involves  any  increase 
in  cost  beyond  a  normal  figure. 

An  illustration  of  the  advantages  to  be  gained  from  such  an  inquiry 
occurred  in  a  recent  valuation  on  a  mid-western  interurban  railway. 
One  of  the  branches  of  this  road  had  been  built  as  an  independent  line 
which  changed  owners  once  before  coming  into  the  hands  of  the  pres- 
ent company.  Aside  from  maps,  a  top-of-rail  profile,  iand  general  data 
as  to  structures,  all  of  which  had  been  secured  by  a  recent  survey,  the 
company  had  no  records,  not  a  word  as  to  history,  and  nothing  as  to 
original  cost.  Inquiry  developed  the  fact  that  all  the  construction 
records  had  been  stored  in  the  office  of  one  of  the  officials,  had  not  been 
turned  over  to  the  second  owner,  and  after  the  death  of  this  former 
official  had  been  sold  for  old  paper.  Further  inquiry  yielded  the  names 
of  one  or  two  contractors.  One  of  these  men  was  visited.  He  went 
through  his  vault  and  unearthed  complete  profiles,  copies  of  all  progress 
and  final  estimates  for  grading,  bridging,  and  track  laying,  plans  for 
several  bridges,  and  a  large  volume  of  construction  photographs. 
Vv^ith  his  aid,  the  men  who  purchased  the  right  of  way  were  found,  and 
by  their  correspondence  and  receipts  the  original  cost  of  most  of  the 
right  of  way  (none  of  which  was  disclosed  by  deeds)  was  secured.  This 
search  disclosed  the  fact  that  many  expenses  were  incurred  which 
would  not  be  even  surmised  by  an  examination  of  the  property. 

It  is  clearly  the  duty  of  the  men  engaged  on  an  appraisal  to  take 
every  precaution  to  secure  to  the  fullest  extent  all  data  bearing  on  the 
actual  work  of  construction  as,  in  making  an  estimate  of  the  cost  of 
reproduction,  due  weight  must  be  given  to  all  evidence  showing  what 
the  actual  construction  of  the  property  included. 

No  Specific  Assumptions  as  to  Difficulties  Where  Not  Capable  of 
Proof. — In  cases  where  no  records  are  obtainable  which  will  siii)ple- 
ment  actual  field  measurements  and  observed  conditions,  it  would  ap- 
pear that  the  only  proper  course  is  to  base  the  estimate  of  cost  of  re- 
production on  each  unit  of  property  as  measured,  assuming  it  to  have 
been  built  under  conditions  which  may  be  presumed  from  recent  sur- 
roundings. To  assume  that  the  unit  in  question  would  cost  less  or 
more  than  the  average  unit,  or  that  work  has  been  omitted,  or  extra 
work  done,  in  the  case  of  a  specific  unit,  when  there  are  no  records 
or  obtainable  data  and  nothing  in  the  general  property  to  justify  the 
assumption,  would  be  conjectural  and  carry  little  weight. 
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The  Field  Inspection. — The  Committee  deems  it  to  be  no  part  of 
its  duty  to  undertake  to  outline  methods  in  detail  It  is  proper  to 
emphasize  the  necessity  of  full  and  complete  records  of  field  inspection 
in  such  form  that  they  may  be  readily  used  in  computation  and  fully 
indexed  for  filing.  There  is  always  a  possibility  of  doubt  regarding 
plans  and  records  of  old  properties,  uncertainty  as  to  changes  or 
abandonment,  and,  unless  supported  by  field  work,  many  really  valuable 
records  may  be  minimized  in  importance.  It  must  be  borne  in  mind 
that  valuation  work,  especially  the  making  of  schedules,  is  of  perma- 
nent value  as  a  record  of  property,  and  that  its  value  as  a  record  for 
the  Courts  depends  on  the  completeness  of  the  description  and  identi- 
fication of  each  property  unit. 

Many  uncertainties  can  be  cleared  up,  and  much  of  the  speculative 
character  of  estimating  past  conditions  can  be  eliminated  by  good 
field  work.  There  is  a  lack  of  significance,  a  failure  to  meet  the  re- 
quirements of  appraiser  or  Court  in  every  case  where  field  inspection 
is  hastily  or  carelessly  made  or  no  adequate  record  is  made  of  the  work. 
Forms  for  Field  and  Office  Record.— The  use  of  forms  is  becoming 
so  general  and  their  value  in  securing  uniform  information  from  dif- 
ferent field  men  is  so  great  that  there  seems  to  be  no  ground  for  ques- 
tioning their  desirability  or  the  propriety  of  their  use.  There  are  so 
many  different  forms  required  on  a  large  appraisal  and  so  many  have 
been  devised  in  connection  with  appraisal  work  in  progress  in  the 
United  States  that  no  attempt  is  made  to  discuss  the  subject  or  to 
make  suggestions.  The  adoption  of  full,  complete,  and  carefully  drawn 
field  and  office  forms  for  field  notes,  schedules,  and  inventories  is  ap- 
proved practice.  The  more  completely  all  pertinent  data  regarding  any 
class  of  property  can  be  developed  on  a  single  set  of  forms  without 
transcribing,  the  more  satisfactory  and  convincing  is  the  record. 

Unit  Prices  on  Physical  Property  Other  Than  Land. 

There  is  no  more  important  consideration  in  connection  with  valu- 
ation work  than  the  correct  determination  of  unit  prices. 

Necessarily,  every  large  valuation  involves  a  special  study  of  the 
conditions  which  affect  cost  of  work  in  the  community  and  on  the 
property,  and  of  actual  costs  of  various  classes  of  work  on  the  property 
under  investigation.  The  prevailing  rate  of  wages  for  different  classes 
of  labor,  local  prices  on  material,  freight  rates  on  material,  or  local 
contract  prices,  are  by  no  means  the  only  matters  which  are  to  be 
considered  and  taken  into  account. 

Unit  prices,  or  unit  costs,  which  are  finally  determined  upon  and 
adopted  as  multipliers  in  the  schedule  should  contain  every  element 
of  cost  which  can  be  determined  and  allocated  to  each  particular  item. 
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A  very  erroneous  result  is  likely  to  be  secured  if  the  appraiser  adopts 
net  cost  for  materials  delivered  to  the  property  as  shown  by  the  vouch- 
ers for  material,  and  actual  contract  figures  for  labor  items,  because 
in  general  these  do  not  take  into  account  all  elements  of  cost  to  the 
owner. 

In  arriving  at  unit  prices  for  final  application,  all  relevant  facts 
must  be  considered,  and  eventually  sound  judgment  must  be  brought 
to  bear  on  all  data,  if  a  proper  unit  is  to  be  secured.  The  Committee 
desires  to  emphasize  the  fact  that  in  the  adoption  of  unit  prices  there 
is  wide  room  for  variation  and  error.  A  schedule  may  be  made  with 
the  greatest  of  accuracy,  field  inspection  may  be  most  elaborate,  and 
every  possible  check  may  be  applied  to  the  computations,  but,  if  unit 
prices  are  carelessly  adopted,  which  are  too  low  or  too  high,  a  con- 
siderable error  may  be  made  easily  in  the  valuation  of  tangible  prop- 
erty. 

The  unit  prices  on  most  of  the  items  entering  into  a  valuation  are 
not  capable  of  exact  and  absolute  determination  or  proof.  This  is 
especially  true  of  all  items  in  which  labor  largely  enters  into  the  cost. 

The  correctness  of  the  figure  finally  adopted  in  every  case  depends, 
in  large  measure  on  the  reliability  of  records  of  actual  costs,  of  similar 
units  in  recent  years,  the  thoroughness  of  the  study  that  has  been 
made  of  those  records,  and  the  experience  and  soundness  of  judgment 
of  the  appraiser  in  the  use  of  these  studies  and  of  other  support- 
ing data. 

In  the  determination  of  unit  prices  the  following  general  matters 
must  be  considered: 

1. — What  allowances  should  be  made  for  contractor's  profit  in 
fixing  prices? 

2. — Shall  unit  prices  be  averaged  over  a  period  of  time  or  shall 
actual  prices  as  of  the  date  of  valuation  be  used? 

3. — To  what  extent  shall  prices  prevalent  in  piecemeal  construc- 
tion be  considered? 

4. — What  should  be  included  as  elements  of  unit  cost  in  fixing- 
the  price  to  be  used? 

1. — Contractor  s  Pro-jit. — In  assuming  the  reproduction  of  a  prop- 
erty, the  most  reasonable  assvimption  in  general  is  that  it  would  be 
let  by  contract,  and  that  prices  should  be  applied  which  would  include 
the  profit  of  contractors  engaged  on  the  work. 

The  fair  total  contract  cost  of  the  work,  after  award  on  fair  com- 
petitive bidding,  constitutes  an  equitable  basis  of  unit  cost  determina- 
tion, such  cost  including  a  reasonable  profit  to  the  contractor  and 
necessary  sub-contractors.     To   this   should  be   added   incidental  unit. 
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costs,  overhead,  administrative,  and  general  costs  incurred  by  the 
corporation,  which  are  definitely  assignable  to  the  different  units  of 
property  as  part  of  the  unit  price. 

There  are  cases,  however,  in  which  it  would  be  a  proper  assumption 
that  the  company  would  establish  its  own  organization,  purchase  its 
own  plant  and  material,  and  do  its  own  work. 

The  extent  and  character  of  the  property  under  investigation,  the 
actual  history  of  the  construction  of  the  property  itself,  or  the  general 
practice  in  the  part  of  the  country  in  which  it  is  located,  will  be  the 
determining  factors   in   arriving   at  the  proper  assumption   to   adopt. 

When  it  is  proper  to  assume  that  the  company  does  the  work  itself, 
the  estimated  full  cost  to  it  should  govern,  including  in  the  estimate 
proper  recognition  of  the  use  of  plant,  hazards,  and  the  fact  that 
changes,  modifications,  and  adaptation  of  the  original  plans  generally 
occur  and  involve  increased  cost  over  the  estimate,  but  no  contractor's 
profit;  unit  prices  should  then  be  used,  which  represent  what  the  esti- 
mated total  unit  cost  to  the  company  would  be,  by  the  method  assumed 
to  be  proper. 

2. — Shall  Average  Prices  or  Prices  as  of  a  Certain  Date  he  Used? 
— When  a  valuation  is  made  as  of  a  certain  date,  it  must  be  deter- 
mined whether  prices  of  materials  and  labor  as  of  the  date  in  question 
shall  be  used,  or  whether  prices  averaged  over  a  period  of  years  are 
more  proper. 

A  study  of  the  trend  of  prices  of  various  commodities  shows 
widely  differing  conditions.  For  example,  Bessemer  steel  rail  has 
remained  steadily  at  $28  per  ton,  f .  o.  b.  mills,  since  1901  until  recently ; 
in  some  sections  of  the  country  lumber  has  increased  with  a  fair  degree 
of  uniformity  from  1901  to  the  present  time,  oak  showing  more  than 
50%  increase,  white  pine  more  than  100%  increase,  and  hemlock 
more  than  50%  increase;  Portland  cement,  on  the  other  hand,  has 
decreased  in  some  localities  from  $3  in  1880  to  about  $1  per  bbl.  in  1915, 
but  increased  in  the  year  following;  labor  has  steadily  increased  in 
recent  years,  with  the  upward  trend  still  noticeable. 

Other  materials — an  example  of  which  is  copper — have  fluctu- 
ated, going  up  and  down  from  extreme  high  to  extreme  low  figures 
without  any  relation  to  changes  in  labor  or  other  material  prices. 
These  facts  compel  most  careful  analyses  of  the  records  of  the  prop- 
erty under  appraisal,  and  of  other  like  properties  in  the  same  vicinity, 
to  determine  price  tendencies,  actual  costs  of  work  done,  and  special 
local  conditions  which  affect  costs,  if  average  prices  are  to  be  used. 

The  illustration  afforded  by  the  Buffalo  gas  case  (3  P.  S.  C,  2d 

■  Dist.  N.  Y.,  1913),  is  given  as  showing  the  effect  on  valuation  of  price 

fluctuation.     There  were  almost  exactly  30  000  tons  of  cast-iron  gas 
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pipe   in   question.      The   Commission   summarizes   the   fluctuations   as 
follows : 

In   1897   when   the   property   was   taken   over   this 

would  have  been  worth,  at  the  prevailing  price.  $547  500 
Had  a  valuation  been  made  in  1907,  it  would  have 

been  worth,  at  the  price  of  that  year 1200  000 

On  the  average  prices  of  5  years,  1893  to  1897 617  700 

On  the  average  prices  of  5  years,  1898  to  1902 746  700 

On  the  average  prices  of  5  years,  1903  to  1907.  ..  .  944  400 

On  the  average  prices  of  5  years,  1908  to  1912 720  600 

It  seems  to  the  Committee  that  what  is  desired  is  what  may  be 
termed  normal  present-day  prices. 

By  normal,  present-day  prices  is  meant  such  prices,  actual  or 
average,  as  will  be  fairly  representative  of  the  period,  but  which  do 
not  reflect  violent  fluctuations  up  or  down.  These  normal  prices 
will  be  to  some  extent  affected  by  changes  in  the  market. 

Many  commodities,  of  which  cement  is  an  example,  have  had  a 
downward  trend,  owing  to  increase  in  home  manufacture  and  to  im- 
provements in  the  art.  Other  commodities,  like  lumber  and  timber  of 
all  kinds,  have  steadily  increased  in  price  owing  to  decreasing  supply 
and  greater  demand.  There  can  be  no  serious  question  as  to  the  pro- 
priety of  the  use  of  normal,  present  prices,  or  prices  averaged  over  2  or 
3  years  at  most,  rather  than  the  use  of  a  long  average  which  would 
bring  the  price  above  or  below  a  proper,  normal,  present  price. 

In  the  case  of  such  materials  as  iron  pipe  and  copper,  the  price 
fluctuations  of  which  have  been  violent  during  short  periods,  the  prob- 
lem becomes  specially  difficult.  The  actual  construction  of  all  large 
properties  has  extended  over  a  period  of  years.  An  investigation  of 
actual  costs  of  construction  on  large  properties  will  generally  disclose 
the  fact  that  materials  have  actually  been  bought  at  both  high  and  low 
figures ;  frequently  large  quantities  will  be  bought  near  one  limit  or  the, 
other.  Actual  cost,  where  ascertainable,  gives  actual  investment  in 
this  material.  Actual  cost  is  not  always  capable  of  determination 
over  the  entire  life  of  a  property,  and  for  such  material  as  entered 
in  during  such  period  some  arbitrary  unit  must  be  adopted,  even  in 
the  case  of  "original  cost"  estimates. 

The  practice,  adopted  on  some  recent  appraisals,  of  using  a  price 
derived  from  a  weighted  average  of  actual  purchases  over  a  period 
of  from  5  to  10  years  on  the  property  under  investigation,  has  the 
merit  of  using  actual  investment  in  recent  years  as  a  basis  for 
determining  a  unit  to  be  used  on  the  entire  property,  and  meets  the 
objection  raised  by  the  Second  District  Commission  of  New  York. 

Present-day  labor  prices  can  be  determined  by  an  analysis  of  pay- 
rolls over  such  a  length  of  time  as  will  give  proper  actual  averages 


1783  VALUATION  OF  PUBLIC  UTILITIES  [Papers. 

for  each  class  of  labor.  By  a  comparison  with  similar  data  derived 
from  records  of  other  properties  in  the  immediate  vicinity,  prices 
may  be  derived  which  are  actual  and  are  capable  of  proof.  Prices 
thus  determined  would  seem  to  be  proper  bases  on  which  to  build  up 
estimates  of  total  labor  entering  into  the  various  units. 

Any  price  which  is  used  must  be  a  matter  of  judgment,  in  the 
light  of  all  available  facts,  but  the  arbitrary  selection  of  a  certain 
specific  date  as  the  date  of  appraisal  does  not  seem  to  justify  the 
use  of  prices  which  are  abnormal.  However  derived,  the  prices  used 
for  fluctuating  materials  should  be  proper  for  the  estimated  period  of 
reproduction  which  should  end  with  the  date  as  of  which  the  investi- 
gation is  made,  and  which  should  be  sufficiently  stable  so  that  no  reap- 
praisal within  a  short  time  thereafter  should  make  violent  changes  in 
estimates  of  reproduction  cost. 

3. — Piecemeal  Construction. — Piecemeal  construction  has  been 
defined  to  mean  that  kind  of  construction  which  is  done  piece  by 
piece,  and  not  at  a  single  operation. 

For  example,  the  original  pipe  system  of  water-works  and  some 
important  additions  may  be  laid  continuously  in  one  construction 
period,  either  by  forces  of  the  company  or  by  contract,  but  many 
additions  must  be  made  from  time  to  time  to  meet  the  needs  of  an 
increasing  population  and  a  growing  demand  for  water.  These  are 
necessarily  short  stretches  of  pipe,  widely  scattered,  and  are  almost 
universally  laid  by  the  forces  of  the  company  at  considerably  higher 
costs  than  would  prevail  if  the  work  could  be  done  in  connection  with 
the  building  of  an  entire  distribution  system. 

There  are  many  kinds  of  construction,  which  always  are  built  in 
what  may  be  termed  a  piecemeal  manner,  which  are  not  built  at 
the  time  of  original  construction.  Such  work  as  the  installing  of 
water,  electric,  or  telephone  services,  the  building  of  industrial  tracks 
and  spur-tracks  on  the  line  of  a  railroad,  the  setting  of  meters  and  other 
forms  of  construction,  is  generally  done  in  response  to  the  demands  of 
business  development.  Every  effort  of  the  management  is  bent  to 
securing  the  greatest  economy  in  doing  this  class  of  work;  records 
are  kept,  and  actual  costs  can  be  obtained  over  almost  any  period 
desired.  Unit  costs  for  this  class  of  work  can  be  determined  from 
actual  costs  which  are  capable  of  very  exact  analysis  and  very  definite 
proof   by   comparison   with   similar   actual   costs   on   other   properties. 

Whether  or  not  unit  costs  should  be  determined  on  the  basis  of 
pieceraeal  construction,  or  on  the  basis  of  doing  the  work  in  a  whole- 
sale manner,  depends  upon  the  assumptions  which  are  made  with  regard 
to  the  method  of  development  of  the  property  under  which  the  estimate 
of  reproduction  cost  is  to  be  made.  If  on  the  basis  of  historic 
sequence,  then  the  extra  unit  cost  of  piecemeal  construction  should 
be    included;    if    on    the    basis    of    reproduction    under    present    con- 
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ditions,  during  one  construction  period,  then  the  extra  unit  cost  of 
piecemeal  construction  should  in  general  be  excluded — the  exceptions 
occur  when  it  is  assumed  that  the  business  is  to  be  gradually  developed 
in  an  assumed  further  period,  in  which  cases  it  would  be  proper  to  use 
piecemeal  unit  prices  for  those  items  which  would  be  so  produced. 

In  the  reproduction  estimate,  the  property  should  be  assumed  as 
reproduced  in  the  most  economical  manner  and  in  reasonable  sequence. 
Such  assumption  of  necessity  involves  the  building  of  some  items  of 
property  that  develop  with  the  growth  of  business,  not  as  part  of  the 
main  property,  but  as  following  the  main  property,  and  at  unit  prices 
which  would  represent  the  actual  cost  of  similar  items  of  property 
built  as  they  necessarily  were  or  would  be  likely  to  be  built  by  methods 
different  from,  and  in  some  cases  more  expensive  than,  those  that 
coidd  be  used  on  the  main  property. 

^. — What  Should  he  Included  as  Elements  of  Cost  in  the  Unit 
Prices? — There  has  been  an  unfortunate  lack  of  uniformity  in  valua- 
tion practice  in  the  manner  of  arriving  at  the  estimate  of  reproduction 
cost. 

Apparently,  some  engineers  have  used  material  prices  which  were 
based  on  net  costs  at  the  point  of  delivery,  and  labor  costs  based  on 
contract  prices  for  performing  certain  work,  and  then,  realizing  that 
these  do  not  give  complete  cost,  but  without  making  a  full  analysis, 
have  added  percentages  to  the  total  valuation  for  omissions,  con- 
tingencies, incidentals,  errors,  contractors'  profit,  or  other  blanket 
items. 

It  may  be  that  such  a  method,  when  used  with  good  judgment,  will 
lead  to  a  result  which  is  as  close  to  the  truth  as  when  a  more  elaborate 
analysis  is  made,  but  it  is  much  more  difficult  of  satisfactory  proof. 
In  the  opinion  of  the  Committee,  the  unit  prices  which  are  applied 
to  specific  items  of  property  should  include  every  element  of  cost  to 
the  owner  capable  of  definite  assignment  to  those  items,  and  no  such 
elements  should  be  included  as  a  blanket,  overhead  charge. 

For  example,  the  material  may  be  purchased  in  the  open  market, 
the  normal  price  may  be  capable  of  determination,  and  the  freight 
rate  to  the  point  of  use  may  be  secured  and  applied,  but  to  these  two 
main  elements  there  should  be  added,  wherever  they  are  properly 
applicable  and  obtainable: 

(a) — The  cost  of  purchasing; 

(h) — House  or  material  yard  service; 

(  c  )  —Local  transportation ; 

(d) — Waste,  loss,  and  breakage; 

(e) — Direct  supervision. 

(a) — The  Cost  of  Purchasing. — The  organization  and  expense  of 
the  purchasing  department  might  with  propriety  be  treated  as  an  over- 
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head  charge;  it  may  with  equal  propriety  be  treated  as  a  charge  to 
material,  and  is  capable  of  determination  with  definiteness  in  most 
cases.  In  the  case  of  a  large  operating  company,  where  purchases 
cover  material  for  maintenance  and  also  large  expenditures  for  con- 
struction, there  is  grave  danger  of  overlooking  this  item  of  expense. 
Usually  an  analysis  of  the  accounts  will  give  actual  costs  of  purchas- 
ing of  large  quantities  of  material,  thus  permitting  an  allocation  of 
purchasing  costs  on  construction  material. 

(&) — House  Service  or  Material  Yard  Service. — The  cost  of  ware- 
housing, material  yard  handling,  or  what  may  be  termed  "House 
Service"  or  "Material  Yard  Service",  is  an  expense  which  on  a  large 
property  is  great  in  the  aggregate  although  a  comparatively  small  per- 
centage on  cost  of  material  purchased.  The  extent  of  the  charge  and 
its  division  depends  on  how  much  of  the  material  is  purchased  for 
direct  delivery,  how  much  goes  through  a  material  or  storage  yard, 
and  how  much  goes  into  a  warehouse  for  delivery  in  small  lots  as 
needed. 

(c) — Transportation. — In  almost  all  valuations,  the  greater  part 
of  the  material  involved  incurs  a  transportation  expense  over  and 
beyond  the  railroad  freight  rate  to  the  point  of  delivery.  In  the  case 
of  railroad  materials  of  all  kinds,  the  material  is  usually  purchased, 
f.  o.  b.  cars,  at  the  most  convenient  delivery  point  on  the  line  of  the 
road,  and  a  haul  of  possibly  several  hundred  miles  on  the  company's 
own  line  is  necessary.  The  determination  of  the  average  length  of  haul 
for  the  material  of  each  class  on  a  railroad  and  the  determination 
of  a  proper  rate  to  apply  constitute  a  very  important  element  in  the 
determination  of  the  correct  xmit  prices.  In  connection  with  this 
matter  of  the  rate,  attention  may  be  called  to  the  fact  that,  under  con- 
struction conditions,  on  a  new  road,  with  traffic  all  in  one  direction, 
without  the  advantage  of  an  old  established  operating  organization, 
the  cost  will  exceed  the  cost  of  service  on  an  old  road.  This  has  been 
recognized  by  the  Oklahoma  and  California  Commissions, 

The  local  transportation  may  consist  of  haul  by  truck  or  wagon  to 
the  site,  and,  if  so,  is  a  present  element  to  be  computed,  if  not  other- 
wise provided  for.  In  estimating  cost  of  transportation,  it  is  to  be 
assumed  that  all  transportation  facilities  existing  at  the  date  ot  esti- 
mate— except  the  property  under  consideration  in  case  it  is  a  trans- 
portation property — are  available. 

{d) — Waste,  Loss  and  Breakage,  or  Overplus  Over  Measurements. — 
These  are  elements  of  either  unit  cost  or  of  allowance  in  measurement 
of  quantities  rather  than  of  contingencies,  for  the  reason  that  they  vary 
so  greatly,  from  nothing  at  all  on  some  materials  to  a  very  considerable 
percentage  on  others.  In  this  class  would  come  allowances  for  sag  in 
wire  or  cable,  waste  in  lumber,  loss  and  breakage  in  fragile  materials, 
and  all  other  allowances  over  net  quantities  which  are  necessary  to  in- 
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sure  enough  material  to  complete  the  work.  In  the  case  of  some  ma- 
terials, quantities  are  derived  by  rules  which  give  theoretical  or  geo- 
metric quantities,  though  the  actual  quantities  moved  and  paid  for 
may  considerably  overrun. 

One  very  notable  example  of  this  is  given  in  the  Panama  Canal 
Report  for  the  year  ended  June  30th,  1912,  which  states  that  the 
geometrical  quantity  in  the  dredged  channel  of  the  Panama  Canal, 
from  deep  water  on  the  Atlantic  side  to  a  short  distance  beyond  the 
shore  line,  was  to  that  date  10 169  000  cu.  yd.,  though  the  actual 
quantity  taken  out  of  the  channel  amounted  to  22  886  000  cu.  yd.,  an 
excess  of  125  per  cent.  The  great  excess  of  dredging  in  this  case  over 
the  geometrical  quantity  was  due  to  the  quantity  of  material  washed 
into  the  channel  by  waves  and  currents. 

There  are  certain  standard  weights  of  cast-iron  water  pipes,  and 
pipes  of  these  weights  are  ordered.  As  the  pipe  foundries  cannot  make 
pipes  of  the  exact  weight,  the  full  price  per  ton  is  paid  for  any  ad- 
ditional weight  that  there  may  be,  up  to  a  certain  limit.  The  pipes 
are  not  allowed  to  run  much  below  the  standard,  because  it  is  provided 
that  the  thickness  of  the  metal  shall  not  be  less  than  the  prescribed 
thickness  at  any  place  by  more  than  a  very  limited  amount.  The 
average  actual  weights,  therefore,  are  more  than  the  standard  weights. 

In  valuing  an  earthen  dam,  the  net  volume  in  the  embankment 
is  generally  measured  or  computed  from  the  records,  and  it  might  be 
correct  to  use  this  net  volume  if  the  unit  prices  to  be  used  were 
derived  from  the  cost  per  cubic  yard  of  other  similar  embankments. 
If,  however,  the  unit  prices  to  be  used  were  derived  from  measure- 
ments of  the  quantity  of  material  taken  from  borrow-pits  for  the 
purpose  of  building  the  dam,  a  considerable  allowance  should  be  made 
for  the  shrinkage  of  the  material  when  placed  in  the  embankment 
and  consolidated,  and  for  the  waste  of  material  which  almost  inevitably 
takes  place  in  building  a  dam  across  a  stream  as  the  result  of  floods 
and  other  causes.  The  waste,  as  a  rule,  is  exceptionally  large  when  a 
dam  is  built  by  the  hydraulic  fill  process. 

It  seems  much  better  that  judgment  should  be  used  in  deter- 
mining the  actual  quantities  of  material  involved  in  a  given  construc- 
tion than  to  make  an  allowance  for  such  additional  material  as  a 
contingency. 

(e) — Direct  Supervision. — Inspection. — It  has  been  the  custom  in 
many  appraisals  to  treat  as  an  overhead  charge,  under  the  account 
"Engineering"  all  charges  for  Engineering,  Inspection,  and  Super- 
vision of  work,  and  to  base  such  charges  on  a  general  percentage  of 
the  entire  physical  property  estimate. 

The  Committee  holds  the  opinion  that,  wherever  it  is  possible  to 
do  so,  charges  for  direct  supervision  should  attach  to  the  different 
units  or  groups,  rather  than  to  the  property  as  a  whole,  and  that  all 
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such  charges  as  can  be  localized  to  certain  materials,  units,  or  groups 
should  be  treated  as  affecting  the  unit  price,  and  should  not  be  added 
as  a  percentage.  This  would  permit  the  charge  for  general  engineer- 
ing to  be  treated  as  an  "Overhead  Charge"  and  include  only  those 
costs  of  general  engineering,  surveying,  design,  and  supervision  which 
were  applicable  to  the  property  as  a  whole,  and  not  capable  of 
definite  assignment  to  different  groups  of  units  or  individual  units 
of  property. 

As  examples  of  elements  of  cost  properly  assignable  to  units  or 
groups  of  units,  the  Committee  cites  the  following  cases: 

The  inspection  cost  on  rail,  water  pipe,  structural  steel,  and  other 
materials  purchased  is  capable  of  separation  and  inclusion  in  the  unit 
price. 

The  local  engineering  and  inspection  costs  of  a  large  building,  a 
dam,  an  underground  conduit  line,  or  other  individual  units  or 
groups  of  units  may  be  capable  of  analysis  and  comparison  with  like 
costs  incurred  in  the  construction  of  other  like  imits,  and  a  more 
accurate  estimate  is  likely  to  be  secured  than  if  the  total  engineering 
charges  be  found  as  a  percentage  of  the  cost  of  the  entire  property, 
based  on  the  experience  with  similar  properties. 

Each  valuation  must  of  necessity  be  an  independent  work,  and 
each  unit  price  should  have  such  consideration  as  will  insure  that 
it  is  applicable  to  the  case  in  hand,  and  that  all  elements,  of  which 
those  above  stated  are  only  a  part,  have  been  taken  into  account. 
When  unit  prices  for  different  items  in  the  schedule  are  made  up 
on  the  basis  of  the  amount  of  labor  involved,  it  must  be  remembered 
that  the  labor  costs  are  by  no  means  covered  by  the  sums  included 
for  laborers  on  the  pay-roll.  There  must  be,  in  addition,  proper 
allowances  for  insurance,  injuries,  and  damages,  lost  time  of  monthly 
men,  costs  or  losses  due  to  interruption,  or  failure  to  co-ordinate  the 
work  at  all  times,  decreases  in  efficiency  due  to  such  conditions,  the 
cost  of  supervision,  including  accounting  and  timekeeping,  and  other 
actual  costs. 

When  unit  prices  are  based  on  contractor's  prices,  most  of  the  items 
above  mentioned  would  naturally  be  included  by  the  contractor  in 
such  prices  or  as  extra  work,  for  which  payment  must  be  made  to  the 
contractor;  but,  wherever  contract  work  is  done,  there  is  generally  a 
considerable  additional  cost  to  the  company  as  the  result  of  subse- 
quent work  by  its  own  forces. 

Illustrations  of  Actual  Cost  Affecting  the  Cost  per  Unit. — One 
illustration  which  shows  the  extent  of  these  items  that  have  been 
referred  to,  and  the  desirability  of  more  detailed  analysis  of  costs 
than  is  frequently  made,  is  that  of  an  electric  light  and  power  prop- 
erty in  the  Middle  West,  in  a  city  of  more  than  400  000  population. 
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During  a  period  of  2^  years,  the  company  spent  in  construction 
$9  47G  000,  divided  as  follows : 

Actual  material  entering  into  permanent  construction .   $G  808  000 
Actual  labor  costs  in  building  permanent  work 1  515  000 

Total    cost    of    labor    and    material    in    structures 

capable    of    scheduling $8  323  000 

A.— Construction  tools $110  000 

B. — Store   and   supply   expense 288  000 

C. — Purchasing  expense 39  000 

D. — Injuries   and    damages 48  000 

E. — Engineering,    general 122  000 

F. — Engineering,    direct    supervision 546  000     1 153  000 


$9  476  000 


This  does  not  take  into  account  costs  for  interest,  taxes,  organization, 
or  other  costs  which  were  incurred  in  the  nature  of  actual  overhead 
costs. 

The  aggregate  cost,  over  and  above  those  of  bare  labor  and  mate- 
rial, was  12.1%  of  the  total,  or  13.8%  of  the  items  capable  of  inventory. 

It  was  found  that  full  analysis  of  these  costs  gave  very  different 
percentages  for  different  classes  of  construction,  as  for  example: 

Tool  expense  was  approximately  2%  of  labor  and  material  on  over- 
head and  underground  construction,  and  1%  on  buildings  and 
equipment. 

Stores  and  supplies  expense,  or  the  cost  of  handling,  warehousing, 
and  material  yard,  varied  even  more  widely,  as  follows,  being  based 
on  total  material  in  each  accoTint: 

Buildings    2.78% 

Steam   plant   equipment 0.74% 

Electric  plant  equipment 5.96% 

Lines    overhead    and    underground Y.35% 

Other   property 2.45% 

Direct  supervision,  or  those  engineering  and  inspection  charges 
which  were  capable  of  exact  assignment,  bore  the  following  relation 
to  total  labor  and  material  charges  to  each  account : 

Buildings    8.46% 

Steam  and  electric  plant  equipment....  7.36% 

Lines  overhead  and  underground 4.60% 

Other  property 1.37% 

These  varying  percentages  are  a  strong  argument  in  favor  of  more 
careful  cost  keeping  on  construction  work  and  of  more  careful  analysis 
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of  existing  records  of  actual  cost,  when  a  valuation  of  property  is 
made. 

Illustrations  of  Earthwork  Unit  Costs. — There  are  various  classes 
of  construction,  such  as  earthwork,  masonry,  concrete,  and  other 
like  construction,  in  which  labor  largely  enters,  where  the  conditions 
of  construction  may  vary  widely,  and  where  there  are  available  many 
contract  prices,  published  or  unpublished.  The  danger  of  basing  a 
series  of  unit  prices  on  contract  prices,  without  analysis  of  further 
actual  costs,  may  be  shown  by  the  discussion  of  one  of  these,  and 
earthwork  appears  to  offer  a  number  of  excellent  examples. 

In  building  a  railroad  or  other  property  involving  large  quantities 
of  earthwork,  it  is  usual  to  pay  for  material,  according  to  classification, 
a;?  earth,  loose  rock,  solid  rock,  etc.  It  is  also  usual  to  pay  for  over- 
haul beyond  a  certain  specified  haul  limit. 

In  making  estimates  of  cost  of  reproduction,  unless  all  original 
notes,  profiles,  and  estimates  are  available,  it  is  a  difficult  and  expen- 
sive matter  to  secure  even  a  close  approximation  of  actual  yardage, 
and  practically  impossible  to  determine  classification  of  loose  rock, 
hardpan,  or  other  material  the  character  of  which  changes  due  to  the 
effect  of  weather,  or  the  identity  of  which  may  be  concealed  by  growth 
of  vegetation  or  otherwise.  It  is  equally  difficult  to  determine  the 
quantity  of  overhaul  or  the  amount  of  work  which  may  have  been 
done  as  a  necessary  incident  to  the  grading  of  the  embankment,  such 
as  changing  of  stream  channels  or  roads. 

All  these  things  were  encountered  in  the  building  of  the  property, 
and  must  in  some  way  be  accounted  for  in  its  reproduction.  In  some 
cases  the  unit  price  on  unclassified  earth  in  place  is  the  fairest  figure, 
and  capable  of  better  support  than  would  be  the  attempt  to  classify 
or  to  separate  overhaul. 

In  addition  to  these  elements  of  cost  which  may  be  encountered 
in  all  earthwork,  the  railroad  company  encounters  the  expense  to 
the  company  of  transportation  of  men  and  contractor's  plant,  and 
the  cost  of  work  done  after  the  contractor  leaves  the  job. 

The  adopted  unit  price  should  be  such  a  figure  as  will  cover  all 
expense,  of  every  nature  whatsoever,  as  is  directly  chargeable  to  grad- 
ing the  measurable  embankment.  Three  or  four  examples  will  illus- 
trate the  possibility  of  grave  error  in  failure  to  analyze  unit  costs 
sufficiently : 

Example  1. — A  high-class  interurban  railroad  built  in  Michigan 
during  1912-13-14.— 

Total  material  moved 924  630  cu.  yd. 

Contract  price  of  overhaul 0.01  per  yd.  station. 

Hardpan,  if  encountered,  to  be  paid  by  agreement. 
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In  this  case  the  company  actually  paid  on  its  final  estimate  for : 

774  387  cu.  yd.  earth    at  $0.28  $216  828.36 

1860    "      "    loose  rock   "     0.40  744.00 

300    "      "     solid  rock    "     1.00  300.00 

776  547  Total    classified    material    at    prices 

named   in   the  contract $217  872.36 

In  addition  to  which,  there  was  allowed: 
148  083  cu.  yd.  "Hardpan"  and  "Wet  Earth"  at  38, 

40,   and  50   cents 60  912.94 


924  630  Total  cu.  yd.,  unclassified,  at  $0.30,  average.     $278  785.30 

It  thus  appears  that  the  "rock"  is  a  negligible  item,  but  that 
the  average  cost  of  the  unclassified  material  exceeded  the  contract 
price  of  earth  by  2  cents  per  cubic  yard. 

In  addition,  the  company  paid: 

For  overhaul $29  237.51 

For  force  account  on  work  after  contractors  left...         13  988.42 


Total $43  255.93 

Thus  making  the  total  direct  cost  of  the  work  $322  011.23,  or  an 
average  of  $0,348  per  cu.  yd. 

Practically  all  of  this  excess  was  for  elements  of  cost  which  could 
not  be  determined  from  either  a  careful  reinspection  of  the  property 
or  from  most  accurate  measurement,  and,  if  reflected  in  the  repro- 
duction estimate  at  all,  must  appear  in  the  unit  price. 

Example  2. — Among  the  exhibits  introduced  in  the  Minnesota  rate 
case  was  one  by  A.  R.  Hogeland,  M.  Am.  Soc.  C.  E.,  Chief  Engineer, 
Great  Northern  Railway,  entitled  "Hogeland,  2d  Amended  Exhibit  4", 
which  gives  in  detail  the  cost  of  grading  on  lines  built  between  1898 
and  1910  aggregating  1  553.2  miles.  This  exhibit  shows  the  contract 
prices  for  each  class  of  material,  and  also  the  total  charges  to  grading. 
The  exhibit  shows  the  details  for  each  line  built  during  those  years. 

A  very  brief  abstract  of  this  exhibit  shows: 

Earth. .  .28  693  523  cu.  vd.  average  contract  price  19.3  cents  $5  545  074.31 
Hardpan  9  260156    "  " "  "  "  "     34.7     "         2  211293.53 

Loose 

rock..    3115  093    "     "  "  "  "     40.7     "         1270  666.25 

Solid 

rock..    6  209  349    "     "  "  "  "     94.7     "         5  876  720.69 


47  278  121    "     "    average  of  all 33.6  cents $15  903  754.78 
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Brought   forward $25  832  480.43 

It  is  to  be  noted  that,  over  and  above  these  contract 
prices,  the  company  paid  for  overhaul,  force  account 
items,  transportation,  and  other  such  charges,  the  total 
sum  of 4  928  725.25 

Total  cost $25  832  480.43 

Average  cost  per  cubic  yard 44.11  cents 

Cost  in  excess  of  contract  price 10.5     cents 

These  figures  are  affected  by  the  large  yardage  of  rock,  which  pre- 
sumably could  be  largely  determined  in  a  valuation.  In  order  that  rock 
be  eliminated,  an  analysis  of  this  exhibit  was  made  and  300.29  miles 
having  no  rock  were  tabulated  separately. 

On  this  mileage  the  total  yardage  moved  was  3  293  244  cu.  yd. 

Total  contract  price,  $506  869,  an  average  of  15.4  cents  per  cu.  yd. 

Total  Company  cost  over  contract,  $264  727,  or  8  cents  per  cu.  yd. 

A  total  cost  of  $771  596,  or  23  cents  per  cu.  yd. 

It  is  here  shown  that  actual  cost  per  unit  exceeded  contract  price 
per  unit  by  52.22  per  cent. 

Example  3. — A  steam  railroad  built  in  Wisconsin  in  1912  and  1913 : 

Total  contract  price  for  grading $1  259  567.81 

Extras 

Contractors  extra  bills $42  830.86 

Railway   Company   labor 8  413.74 

Train    service 215.03 

Rental    of   equipment 522.79 

Miscellaneous  material  and  labor....  2  028.98 
Transportation  of  contractors  men...  46  736.96 
Transportation  of  equipment 73  483.36  174  267.72 


Percentage  of  extras  to  contract  price  13.84  per  cent. 

In  this  contract  there  were  the  following  quantities: 

Earth  excavation,  4  097  881  cu.  yd.  at  20  and  22  cents.  . .  $868  314.66 

236  300"     "     classified    material..  137  589.38 


4  334  181  cu.  yd.,  at  average  23.2  cents      $1  005  904.04 
Added  to  this  was  overhaul 253  663.77 


$1  259  567.81 


Thus  the  overhaul  added  to  the  cost  6  cents  per  cu.  yd.,  or  25  per 
cent. 

"Example  4. — In  the  construction  of  the  Musconetcong  tunnel  of 
the  Lehigh  Valley  Railroad,  the  contract  cost,  based  on  unit  prices, 
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a  list  of  which  is  given  in  Drinker's  'Tunneling'  (page  1085),  was 
$SS3  938.  whereas  the  actual  final  cost,  including  the  payment  of  con- 
tractors' claims  not  settled  until  four  years  after  the  completion  of  the 
tunnel,  was  $1  282  149,  an  increase  of  nearly  50%  over  the  cost  as 
reflected  in  the  commonly  accepted  unit  prices." 

These  few  examples  indicate  clearly  the  danger  of  adopting  arbi- 
trarily, as  a  unit  price  for  reproduction  cost,  some  figure  based  on  a 
contract  price  or  an  average  of  contract  prices,  without  most  thorough 
study  of  the  results  of  actual  similar  work.  Many  other  illustrations 
as  to  the  effect  of  the  several  elements  of  cost  on  the  final  price  of 
various  classes  of  work  into  which  labor  largely  enters,  and  in  which 
the  hazards  of  construction  are  great,  might  be  cited.  Enough  has 
been  said,  however,  in  the  opinion  of  the  Committee,  to  emphasize 
the  statement  that  in  each  case  conditions  must  be  examined  to  find 
out  what  elements  of  cost  do  enter  into  the  unit  price,  and  that  each 
unit  price  must  be  supported,  if  supported  at  all,  by  actual  costs  of 
similar  work  under  similar  conditions. 

Unit  costs  found  by  general  inquiry  of  supplying  companies,  engi- 
neers, contractors,  and  others  are  rarely  reliable  because  of  the  lack 
of  full  knowledge  on  the  part  of  those  furiiishing  the  information  con- 
cerning the  character  of  the  work  and  the  specifications  and  conditions 
under  which  it  is  to  be  done,  and  because  of  the  fact  that  they  are  not 
likely  to  make  the  detailed,  intelligent  study  which  might  justify  sub- 
sequent expression  of  opinion.  Even  competitive  bids  on  detailed 
specifications  may  not  furnish  reliable  figures.  Recent  actual  final 
construction  costs  on  the  plant  being  estimated  or  on  similar  prop- 
erties, located  under  similar  conditions,  furnish  the  safest  criteria. 
All  such  data  should  be  interpreted  in  the  light  of  sound  judgment  and 
wide  construction  experience. 

An  examination  of  the  tabulated  bids  of  any  large  contract  letting 
will  disclose  the  unreliability  of  individual  opinion.  It  must  be  borne 
in  mind  that  such  bids  are  based  on  identical  plans  and  specifications 
and  conditions.  It  is  not  at  all  unusual  to  find  variations  in  bids  on 
individual  items  varying  from  15  to  40%  to  as  much  as  100%  or  more. 
In  some  cases  the  opinions  of  contractors,  as  expressed  by  their  bids, 
may  represent  a  proper  figure  based  on  wide  experience  and  full  knowl- 
edge of  local  conditions,  but  other  bids  may  be  in  no  wise  repre- 
sentative, and  be  radically  high  or  low. 

To  conclude  the  discussion  of  unit  prices,  the  Committee  is  of  the 
opinion  that  a  rational  sequence  of  construction  should  be  followed 
in  the  reproduction  of  a  property;  and  that  rational  assumptions  should 
be  made  as  to  the  manner  of  doing  the  different  parts  of  the  work, 
whether  by  the  forces  of  the  company  or  by  contract.  Unit  prices, 
based  where  possible  on  the  actual  cost  of  doing  similar  work,  in  a 
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similar  manner,  under  similar  circumstances,  should  be  determined  by 
persons  of  experience  and  sound  judgment. 

If,  on  the  basis  of  the  assumed  conditions,  piecemeal  construction 
is  required,  and  if  the  most  appropriate  way  of  executing  such  piece- 
meal construction  is  by  doing  the  work  directly  by  the  company's 
forces  within  the  assumed  periods  of  construction  and  development, 
then  the  cost  of  work  done  in  this  way  should  be  used  in  determining 
the  reproduction  cost.  If  the  assumed  conditions  indicate  that  other 
portions  of  the  work  could  be  done  more  economically  by  contract, 
then  the  unit  prices  should  have  as  their  basis  the  price  which  a  con- 
tractor would  charge  for  doing  such  work,  but  to  this  must  be  added 
all  other  elements  of  cost  or  expense  to  the  owner  which  can  be 
separately  allocated.  ' 

The  unit  prices  should  be  based  on  the  normal  average  cost  of 
work  for  a  considerable  period — say,  5  or  10  years — in  order  to  give 
stability  to  the  valuation,  so  that  it  may  be  used  for  a  subsequent 
term  of  years.  In  the  case  of  items  which  are  steadily  increasing 
or  decreasing  in  value,  the  prices  adopted  should  be  normal  for  the 
time  of  the  valuation. 

Full  consideration  should  be  given  to  the  time  allowed  for  con- 
struction, and  due  weight  given  to  climatic  conditions  and  the  effect 
of  weather  on  the  cost  of  the  work. 

The  Committee  emphasizes  the  necessity  for  full  information  from 
trustworthy  sources  as  to  the  actual  complete  cost  of  doing  similar 
work  under  similar  circumstances.  The  greater  the  amount  of  such 
data,  making  possible  the  adoption  of  complete  and  correct  unit  costs, 
the  smaller  the  amount  of  overhead  percentages  which  are  necessary 
for  providing  for  proper  total  construction  costs. 

The  Cost  of  Reproducing  Land  Holdings. 

For  the  reproduction  cost  of  land  holdings  the  Committee  will 
base  its  arguments  and  conclusions  on  the  law  as  expressed  by  selected 
and  apparently  authoritative  Court  decisions,  and  on  those  results  of 
attempts  of  public  or  private  purchasers  to  acquire  properties  for 
public  purposes  which  are  of  common  knowledge  to  engineers  and 
others  having  to  do  with  such  matters.  Examples  of  some  of  these 
results,  fortifying  the  arguments  and  conclusions  of  the  Committee, 
will  be  given. 

Lands  not  All  of  Similar  Character. — Classes  of  Land. — Not  all 
lands  acquired  by  public  service  corporations  fall  under  one  class ;  there 
are  radical  differences,  and  it  is  essential  that  a  proper  classification 
of  them  be  made  in  any  valuation. 
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Three  classes  result  from  a  consideration  of  the  extent  and  char- 
acter of  the  acquisition : 

1. — The  acquisition  of  a  single  whole  parcel,  which  may  be  selected 
from  among  several  available  parcels. 

2. — The  acquisition  of  a  number  of  whole  contiguous  parcels  to 
form  a  tract  of  moderate  size. 

3. — The  acquisition  of  a  number  of  parcels,  both  whole  parcels  and 
parts  of  parcels,  to  form  a  continuous  strip,  such  as  a  rail- 
road right  of  way,  or  a  large  body,  like  a  collecting  or  storage 
reservoir. 

1. — Single  or  Detached  Parcels  of  Land. — In  many  instances  lands 
are  acquired  and  used  by  public  service  companies,  which  are  in 
detached  parcels  of  ordinary  size,  not  connected  with  the  other  lands 
owned  or  used  in  the  conduct  of  the  business.  These  lands  are  not 
acquired  in  response  to  a  need  for  the  particvdar  parcel.  Any  parcel 
of  the  same  or  similar  area,  in  the  same  general  locality,  would  meet 
the  requirement  of  the  company  nearly  or  quite  as  well.  Examples 
of  this  class  are  seen  in  lands  acquired  for  electric  generating-  or 
sub-stations,  car  barns,  warehouses  or  material  yards,  gas  plants  or 
gas-holders,  office  buildings,  and  other  similar  uses. 

It  may  be  that  location  on  a  water-front,  or  a  point  of  convenient 
access  to  side-track  facilities,  is  a  desideratum,  but  any  one  of  several 
parcels,  which  meets  those  requirements  in  the  vicinity,  may  serve 
the  purpose.  It  would  seem  to  be  clear  that  in  such  cases  the  same 
general  laws  which  regulate  values  of  land  for  any  other  purpose  in 
the  immediate  neighborhood  would  govern,  and  that  the  reproduction 
cost  of  the  land  would  be  fixed  by  the  value  of  other  lands  used  for 
general  purposes,  as  shown  by  sales,  asking  prices,  or  in  any  other 
manner  that  is  usual  and  proper. 

Presumably,  the  public  service  corporation,  in  the  same  way  as 
an  individual  seeking  a  factory  site  or  residence,  would  have  a  fairly 
wide  range  of  selection  and  would  choose  that  tract  which  would 
meet  the  requirements  and  could  be  had  at  the  most  reasonable 
price.  It  is  fair  to  assume  that  such  purchases  would  be  at  substan- 
tially the  market  value  of  lands  in  the  vicinity  at  the  time  of  acquisi- 
tion, and  would  be  subject  to  the  same  increase  or  decrease  in  value 
as  other  near-by  similar  lands  the  values  of  which  would  be  affected 
by  the  same  causes. 

Therefore,  it  would  appear  that  the  reproduction  cost  of  such  a 
holding  as  an  ordinary  lot,  or  a  tract  of  not  unusual  size,  which  is 
entirely  disconnected  from  other  holdings,  should  be  based  on  adjacent 
or  near-by  land  values  for  general  purposes,  should  include  no  severance 
damages,  but  should  include  a  reasonable  allowance  for  the  costs  of 
acqnisition. 
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2. — Tracts  of  Land. — Tracts  of  land  of  considerable  area,  including 
a  number  of  lots  or  blocks,  offer  a  more  difficult  case,  for,  aside  from 
any  such  expenses  as  vacation  of  streets  or  alleys,  or  other  work  done 
to  bring  the  tract  as  a  whole  into  a  usable  condition,  there  is  likely 
to  have  been  originally  an  element  of  enhanced  cost,  due  to  the  fact 
that  the  dentand  for  a  large  number  of  contiguous  small  parcels 
tends  to  enhance  the  price  rapidly,  and  even  in  a  district  where  a 
large  part  of  the  lands  are  for  sale,  the  demand  affects  the  price 
before  all  can  be  acquired.  Usually,  in  the  acquisition  of  such  a 
body  of  land,  made  up  of  many  small  parcels,  some  owners  will  have 
to  be  dealt  with  who  are  imwilling  sellers  and  who  hold  out  for  an 
extreme  price,  making  necessary  either  condemnation,  or  the  forced 
payment  of  a  higher  consideration  than  would  ordinarily  be  the  case. 
Any  condition  necessitating  the  purchase  of  a  number  of  adjacent 
parcels  and  uniting  them  into  one  large  tract  suitable  for  a  specific 
purpose  tends  to  remove  the  transaction  from  the  simpler  first  case 
and  take  away  the  free  choice  of  sites.  Such  cases  demand  a  much 
more  careful  study  of  costs,  especially  with  reference  to  recent 
accumulation  of  property  of  the  same  kind. 

It  may  be  seen  readily,  for  example,  that  the  purchase  of  50 
or  60  lots  from  numerous  owners  may  increase  the  price  per  lot  far 
above  the  normal  price  under  a  demand  for  only  one  lot  or  a  few  lots. 
The  immediate  demand  for  all  the  lots  may  and  usually  does  add 
materially  to  the  cost  of  the  whole.  Later,  the  demand  being  supplied 
and  ceasing,  prices  drop  to  the  old  level,  so  that  a  valuation  based  on 
later  sales  of  neighboring  lots  would  show  less  than  original  cost  and 
less  than  any  possible  cost  of  reproduction  at  the  time  of  making 
the  estimate. 

Although  general  land  values  will  have  an  important  bearing  on 
the  price,  consideration  based  on  actual  experience  in  comparable 
situations  should  be  given  to  the  effect  of  the  large  and  pressing  demand. 

It  is  argued  that,  in  such  a  case  as  the  one  cited,  actual  original 
cost,  and  not  reproduction  cost  based  on  present  land  values,  would 
be  ample  allowance,  especially  as  in  many  cases  the  actual  original 
cost  of  the  assembled  tract  would  be  considerably  in  excess  of  the 
present  value  of  neighboring  lots  for  general  purposes.  It  would  seem 
to  be  fair,  however,  in  those  cases  in  which  the  original  cost  of  an 
entire  assembled  tract  exceeded  the  total  market  value  of  all  the 
separate  parcels  at  the  time  the  acquisition  was  commenced,  to  assume 
that,  if  general  values  of  lots  increase  in  the  vicinity,  the  cost  of 
reproduction  of  the  tract  acquired  for  a  specific  purpose  should,  as 
a  general  rule,  increase  pro  rata. 

Similar  questions  are  raised  where  lands  are  acquired  for  the  exten- 
sion of  an  existing  plant.  In  such  cases,  prices  may  be  and  some- 
times are  demanded  and  necessarily  paid  which  are  far  above  normal. 
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In  the  cases  cited  there  may  be  some  freedom  of  choice  as  to  the 
exact  lands,  but  the  difficulties  due  to  acquisition  of  numerous  parcels 
will  be  encountered  no  matter  which  of  several  possible  tracts  is 
selected.  The  reproduction  estimate  should  be  based  on  the  value 
of  land  in  the  vicinity,  the  figure  adopted  including  the  incidental 
costs  of  acquisition  of  private  titles,  severance  damages,  if  there  was 
any  severance,  and  the  cost  of  acquiring  any  rights  requisite  for  the 
use  of  the  tract  as  a  whole,  such  as  vacation  of  streets  or  alleys,  and 
the  purchase  of  leases.  All  recorded  excess  costs  above  a  normal 
market  value  should  be  given  due  weight.  Only  thus  will  the  present 
reasonable  cost  of  reproduction  be  obtained. 

S. — Connected  Strips  or  Bodies  of  Land. — By  far  the  greatest  diffi- 
culty arises  when  required  lands  constitute  a  connected  strip  or  body, 
and  there  is  no  option  in  the  choice  of  lands,  all  of  which  must  be 
acquired  to  form  the  required  strip  or  body. 

An  example  of  this  class  is  furnished  by  a  steam  or  electric  railroad 
right  of  way.  Here,  the  lands  are  a  narrow  strip,  not  purchased  in 
ordinary  commercial  units  of  10,  20,  or  40-acre  tracts,  or  of  lots  or 
other  subdivisions  of  a  plat,  but  in  small  fractions  of  such  tracts  taken 
without  reference  to  the  effect  on  the  remainder  of  the  tract  from 
which  they  were  taken.  The  location  is  determined  by  topography 
and  continuity  of  route,  and  may  not  be  varied  on  account  of  the 
objections  of  a  land-owner.     All  the  right  of  way  must  be  acquired. 

Another  example  is  that  of  flowage  lands  for  a  reservoir.  In  this 
instance,  many  entire  parcels  must  be  acquired,  and  unless  a  greatly 
excessive  acreage  is  taken,  many  irregular  fractions  must  be  bought. 
Here,  as  in  the  railroad  right  of  way,  conditions  of  topography  and 
continuity  govern.  It  must  be  this  particular  land  and  no  other,  and 
all  of  it  must  be  had. 

All  valuations  of  lands  acquired  for  any  use  where  all  must  be 
had,  and  no  choice  or  option  as  to  the  selection  is  left  the  purchaser, 
must  rest  on  the  same  general  principles  of  valuation.  The  Courts 
have  clearly  established  the  general  principles  which  govern  the  fixing 
of  value  of  property  condemned  for  public  use. 

All  elements  of  value  must  be  considered.  The  owner  must  be 
recompensed,  not  only  for  the  value  of  the  land  taken,  but  for  all  dam- 
ages or  losses  of  value  suffered  by  him  on  account  of  the  taking. 

Under  the  law  interpretation  of  just  compensation,  there  can  be 
no  doubt  that  in  cases  of  water-works  reservoirs,  railroad  rights  of 
way,  flowage  lands,  or  other  properties  of  like  nature,  where  the 
lands  are  not  necessarily  in  uniform  parcels,  and  where  part  of  the 
land  is  taken  and  part  cut  off  and  left,  just  compensation  will  include 
the  value  of  the  lands  taken  and  the  money  equivalent  of  any  dam- 
ages suffered  by  -the  owner  by  reason  of  the  taking.  This  is  all  value 
to  the  seller  and  represents  what  is  taken  from  him. 
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It  would  seem  that  these  same  principles  are  applicable  in  the 
valuation  of  svich  property  in  making  a  reproduction  estimate. 

The  Term  "Just  Compensation"  as  Defined  by  the  Courts. — The 
Constitution  prescribes  that  private  property  shall  not  be  taken  with- 
out just  compensation.  The  rules  governing  the  condemnation  of 
private  property  have  been  thoroughly  established  by  a  long  line  of 
decisions.  All  elements  of  value  must  be  considered.  The  owner  must 
be  recompensed,  not  only  for  the  value  of  the  land  taken,  but  for  all 
damages  or  losses  of  value  suffered  by  him  on  account  of  the  taking. 

The  terms,  "compensation",  "just  compensation",  "due  compensa- 
tion", etc.,  have  been  defined  in  many  cases. 

In  Virginia  &  Truckee  R.  R.  Co.  vs.  Henry,  the  Court  said  (8 
Nev.,  165): 

"It  is  difficult  to  imagine  an  unjust  compensation;  but  the  word 
'just'  is  used  evidently  to  intensify  the  meaning  of  the  word  'com- 
pensation'; to  convey  the  idea  that  the  equivalent  to  be  rendered  for 
property  taken  shall  be  real,  substantial,  full,  ample;  and  no  legisla- 
ture can  diminish  by  one  jot  the  rotund  expression  of  the  constitution. 
So  are  all  the  decided  cases.  While  courts  have  differed  upon  minor 
points,  two  of  which  the  statute  of  this  state  settles,  namely,  the 
allowance  for  particular  benefit  derived  from  the  construction  of  the 
railroad  and  the  exclusion  from  the  calculation  of  damages  of  the 
cost  of  necessary  cattle  guards  and  fences  when  the  petitioner  offers 
to  construct,  yet  upon  the  great  substantial  underlying  basis  upon 
which  only  can  arise  a  constitutional  law  for  the  taking  of  private 
property  for  public  use — the  absolute  protection  of  the  individual  by 
just  compensation — there  has  been,  could  be,  no  dispute." 

In  Pick  i;.  Rubicon  Hydraulic  Co.  (27  Wis.,  445),  the  Court  said: 

"In  the  case  of  Bigelow  vs.  The  Western  Wisconsin  Railway  Co., 
decided  by  this  court  at  the  present  term,  it  was  held  that  'just  com- 
pensation' consists  in  making  the  owner  good,  by  an  equivalent  in 
money,  for  the  loss  he  sustains  in  the  value  of  his  property  by  being 
deprived  of  a  portion  of  it;  and  that  it  includes  not  only  the  value 
of  the  portion  taken,  but  also  the  dimunition  in  value  of  that  from 
which  it  is  severed.  In  establishing  this  rule,  we  followed  the  reason- 
ing of  this  court  in  Robbins  v.  Milwaukee  and  Horican  R.  Co.,  6 
Wis.,  636;  in  Snyder  vs.  Western  Union  R.  Co.,  25  Wis.,  60;  and  in 
Welch  V.  Milwaukee  and  St.  Paul  R.  Co.,  27  Wis.,  108;  and  adopted 
the  doctrine  of  numerous  adjudications  by  the  courts  of  other  states 
upon  the  same  subject." 

The  cases  cited  show  the  general  rule  as  to  the  taking  of  lands  by 
condemnation.  There  can  be  no  doubt  that,  in  the  case  of  a  water- 
works reservoir,  a  railroad,  flowage  lands,  or  other  property  of  like 
nature,  where  the  lands  are  not  necessarily  in  uniform  parcels,  and 
where  part  of  the  land  is  taken  and  part  cut  off  and  left,  any  amount 
necessarily  paid  as  just  compensation  or  as  damages  is  a  cost  which 
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cannot  be  evaded  by  tbe  purchaser.  It  is  value  to  the  seller,  reim- 
bursing him  for  what  has  been  taken  from  him.  It  is  an  actual  cost 
to  the  purchaser  which  is  properly  chargeable  to  the  capital  account. 

The  reproduction  cost,  or  present  cost  of  acquisition,  does  not 
include  elements  of  value  arising  subsequently  to  and  because  of  the 
taking  for  utility  purposes.  It  includes  only  such  sums,  for  the  land 
itself,  as  the  several  owners  would  be  entitled  to  in  case  of  present 
acquisition,  plus  costs  of  purchasing. 

Same  Elements  Must  he  Considered  in  Valuation  as  in  Fixing 
"Just  Compensation." — It  would  seem  to  be  clear  from  a  study  of 
all  the  cases  that,  in  valuation  of  lands  which  partake  of  the  nature 
of  rights  of  way  or  flowage  lands,  the  same  principles  should  govern 
as  in  condemnation,  and  all  such  elements  should  be  considered  in 
valuation  as  are  taken  into  account  in  fixing  just  compensation  in  con- 
demnation. Thus,  the  cost  to  the  utility  at  the  time  of  acquisition 
is  not  to  be  substituted  for,  or  taken  to  be,  the  equivalent  of  reproduc- 
tion cost,  because  the  land  may  have  declined  or  increased  in  value 
since  the  acquisition.  Nor  does  the  source  of  the  title,  or  of  the  funds 
used  to  acquire,  affect  the  matter,  because  that  which  is  paid  for  out 
of  surplus,  or  that  which  is  donated,  is  as  much  the  property  of  the 
company  owner  as  that  acquired  by  the  expenditure  of  other  capital 
and  payment  of  full  value. 

The  market  value  of  the  land  actually  taken  from  an  owner  is  one 
element  of  cost,  the  damage  to  remaining  and  adjacent  lands  of  the 
same  owner  is  another,  the  costs  of  all  investigations  of  title,  attorneys'" 
or  agents*  fees,  surveys,  plans,  and  expenses,  and  all  other  costs  in  con- 
nection with  the  transaction,  constitute  another.  All  taken  together 
make  up  the  price  of  the  property  acquired,  and,  as  a  general  rule,  in 
the  absence  of  mistakes,  dishonesty,  or  extravagance,  may  be  taken  as. 
the  value  at  the  time  of  investigation.  As  said  in  the  Minnesota  rate 
cases  (page  451)  : 

"It  [the  utility]  would  be  free  to  stand  upon  its  legal  rights  and! 
it  cannot  be  supposed  that  they  would  be  disregarded." 

Thus,  the  presumption  is  that  the  amounts  in  condemnation  judg- 
ments are  not  excessive.  And,  as  a  general  rule,  in  the  case  of  acquisi- 
tion by  purchase,  it  may  be  assumed  that  the  utility  does  not  pay 
more  than  the  owner  is  legally  entitled  to  receive. 

All  these  elements  of  value  for  which  "just  compensation"  would 
be  rendered  in  a  condemnation,  exist  in  greater  or  less  degree  and 
must  be  considered,  whether  the  land  was  actually  acquired  by  con- 
demnation or  by  private  purchase.  It  occasionally  happens  in  the  case 
of  many  corporations  not  having  the  right  of  eminent  domain,  such  as 
hydro-electric  power  properties  in  some  States,  that  the  prices  paid, 
are  excessive  of  necessity. 
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Market  Value  of  Adjacent  Lands,  per  Acre,  Not  Always  Con- 
clusive.— It  must  be  remembered  that  general  land  values  are  based 
on  sales  where  a  willing  seller  deals  with  a  willing  buyer.  In  the 
case  of  farm  lands,  for  example,  a  man  who  desires  a  farm  in  a  certain 
locality  has  the  choice  between  a  number  of  pieces  that  are  on  the 
market.  He  may  be  satisfied  with  one  40-acre  farm,  but  considers  the 
price  too  high.  He  has  the  option  of  paying  the  price  or  taking 
another  farm  at  a  lower  price.  As  has  been  said,  the  railroad  or  the 
water  company  has  no  such  option,  but  must  take  that  parcel  and  no 
other.  Experience  has  shown  that  condemnation  juries  often  fix  a 
high  price  and  that  often  it  is  better  business  judgment  to  pay  as 
large  a  sum  as  the  condemnation  prices,  in  order  to  avoid  the  expenses 
of  condemnation,  the  delay  caused  by  the  proceeding,  and  the  feeling 
aroused  in  a  community  by  litigation.  It  often  occurs  that  contiguous 
lands  have  not  the  same  availability  or  value  as  the  lands  acquired  by 
a  utility,  and  only  when  they  are  comparable  can  the  market  value  of 
such  lands  be  used  as  a  basis  for  estimate. 

From  the  nature  of  the  strips  of  land  acquired  for  public  utilities, 
the  compensation  paid,  when  measured  in  terms  of  dollars  per  acre 
on  lands  actually  taken,  appears  to  be  very  high  compared  with  the 
per  acre  price  paid  in  sales  of  similar  lands  for  general  purposes. 

For  example,  a  railroad  company  condemned  a  strip  of  land,  100  ft. 
wide,  across  a  tract  containing  approximately  40  acres,  cutting  it  in 
two  nearly  in  the  middle.  The  strip  taken  was  1  600  ft.  long  and  con- 
tained 3.65  acres,  leaving  36.25  acres  to  the  owner,  divided  approxi- 
mately 20  acres  on  one  side  of  the  road  and  16  on  the  other.  The 
building  of  the  railroad  necessitated  changing  fields  and  drainage, 
introduced  two  farm  crossings  with  gates  to  open  and  shut  in  per- 
petuity, and  not  only  cut  off  a  corner  of  an  orchard,  but  introduced 
a  fire  hazard,  as  the  stables  were  near  the  line. 

All  these  considerations  caused  a  jury  to  fix  as  compensation  the 
sum  of  $100  per  acre  for  land  taken,  which  was  a  fair  figure  based  on 
several  recent  sales,  and  the  further  allowance  of  $15  per  acre  as  the 
damages  to  the  remainder.  The  compensation,  therefore,  was,  for  land, 
$365,  for  damages,  $545,  a  total  of  $910,  to  which  was  added  acquisi- 
tion and  overhead  costs  in  excess  of  $170,  or  a  total  cost  to  the  com- 
pany, exclusive  of  interest,  of  $1080,  or  almost  exactly  three  times 
the  acreage  price  fixed  by  the  jury. 

Several  purchases  at  private  sale  in  the  same  county  were  at  approxi- 
mately the  same  figure. 

In  some  of  the  early  valuations,  notably  the  State  railroad  valua- 
tions in  Michigan,  Wisconsin,  and  Minnesota,  the  attempt  was  made 
to  establish  the  relation  between  sales  to  railroads  and  sales  to  indi- 
viduals  by   a   study   of   the   record  of   actual   sales.     Based   on   these 
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studies,  a  system  for  fixing  the  cost  of  reproduction  of  railroad  lands 
by  the  use  of  multiples  applied  to  farm  land  values  was  adopted.* 

The  Michigan  tax  cases,  in  which  this  method  of  valuation  was 
used,  reached  the  Courts  without  any  contention  being  raised  as  to 
the  methods  or  results  of  the  valuation,  but  on  other  issues.  Hence, 
the  question  was  not  passed  on.  The  Minnesota  valuation  of  land  by 
this  method  became  an  issue  in  the  Minnesota  rate  cases,  and  the 
method  was  not  approved  by  the  Supreme  Court. 

The  Minnesota  Rate  Case  Decision. — In  many  respects  the  most 
important  decision  bearing  on  land  valuation  is  that  of  Mr.  Justice 
Hughes  in  the  Minnesota  rate  cases.  This  decision  is  of  such  impor- 
tance, and  has  had  so  many  interpretations  placed  on  it,  that  extended 
quotation  from  it  appears  to  be  desirable.  The  decision  must  be  con- 
strued as  a  whole,  and  all  parts  of  it  bearing  on  the  subject  of  land 
must  be  studied  together,  in  arriving  at  a  conclusion  as  to  the  exact 
meaning.  (Simpson  et  al.,  constituting  the  Railroad  and  Warehouse 
Commission  of  the  State  of  Minnesota  v.  Shepard,  230  U.  S.,  352, 
et  seq.  (1912),  Syllabus,  page  355.) 

"For  fixing  rates  the  basis  of  calculation  of  value  is  the  fair  value 
of  the  property  of  the  carrier  used  for  the  convenience  of  the  public." 
(Smyth  V.  Ames,  169  U.  S.,  466.) 

"There  is  no  formula  for  the  ascertainment  of  the  fair  value  of 
property  used  for  convenience  of  the  public,  but  there  must  be  a  rea- 
sonable judgment  having  its  basis  in  a  proper  consideration  of  all 
relevant  facts.     *    *     * 

"Assets  and  property  of  a  carrier  not  used  in  the  transportation 
business  cannot  be  included  in  the  valuation  as  a  basis  for  rate- 
making. 

"Property  of  a  railroad  company  cannot  be  valued  for  a  basis  of 
rate-making  at  a  price  above  other  similar  property  solely  by  reason 
of  the  fact  that  it  is  used  as  a  railroad,  and  increases  in  value  over 
cost  cannot  be  allowed  beyond  the  normal  increase  of  other  similar 
property." 

After  setting  forth  the  values  allowed  by  the  Master  and  the  Court 
below  for  land  in  the  l^orthern  Pacific  case,  stating  the  contentions  in 
the  case,  and  quoting  from  Mr.  Cooper's  testimony  at  some  length,  in 
order  to  show  how  he  arrived  at  his  estimates  of  value,  and  after 
bringing  out  the  fact  that  "market  value",  as  used  by  Mr.  Cooper, 
was  intended  to  mean,  not  the  value  of  land  for  general  purposes,  but 
what  it  would  cost  the  railroad  to  acquire  the  land,  the  Court  says: 

l.f  "In  reviewing  the  findings,  the  court  below  reached  the  con- 
clusion that  'the  master  in  effect  found  that  the  cost  of  reproduction 

•  "The  Valuation  of  Public  Service  Corporation  Property",  by  Henry  E.  Riggs, 
M.  Am.  Soc.  C.  E.,  Transactions,  Am.  See.  C.  E.,  Vol.  LXXII,  pp.  59-64,  inclusive. 
Discussion  by  the  late  W.  D.  Taylor,  M.  Am.  Soc.  C.  E.,  Transactions ,  Am.  Soc.  C.  E., 
Vol.  LII,  p.  359.  Report  of  Mr.  Dwight  C.  Morgan  to  Minnesota  Railroad  and  Ware- 
house Commission. 

t  Paragraphs  are  numbered  by  the  Committee  for  convenience  in  referring  to  them 
in  discussion. 
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and  the  present  value  of  the  lands  for  the  terminals  in  the  three  great 
cities,  including  therein  all  cost  of  acquisition,  consequential  dam- 
ages, and  value  for  railroad  use  which  he  allowed,  was  only  about  30 
per  cent,  more  than  the  normal  value  of  the  lands  in  sales  between 
private  parties.  He  found  the  value  of  the  lands  outside  the  terminals 
to  be  only  twice  their  normal  value.' 

2.  "From  our  examination  of  the  evidence  we  are  unable  to  con- 
clude that  the  excess  stated  may  be  thus  limited.  What  is  termed  the 
normal  value  does  not  satisfactorily  appear.  It  further  will  be  observed 
— from  the  summary  of  valuations  we  have  set  forth  in  the  margin — 
that  the  amount  thus  allowed  in  item  1  for  lands,  yards,  and  terminals, 
both  in  and  out  of  the  three  cities  ($21,024,562),  was  included  in  the 
total  on  which  4^  per  cent,  was  allowed  in  item  30  for  'engineering, 
superintendence,  legal  expenses',  and  again  was  included  in  the  total 
on  which  5  per  cent,  was  allowed  in  item  37  for  'contingencies',  and, 
in  addition,  was  included  in  the  total  on  which  10  per  cent,  was 
allowed  in  item  39  for  'interest  during  construction'. 

3.  "These  are  the  results  of  the  endeavor  to  apply  the  cost-of- 
reproduction  method  in  determining  the  value  of  the  right  of  way.  It 
is  at  once  apparent  that,  so  far  as  the  estimate  rests  upon  a  supposed 
compulsory  feature  of  the  acquisition,  it  cannot  be  sustained.  It  is 
said  that  the  company  would  be  compelled  to  pay  more  than  what  is 
the  normal  market  value  of  property  in  transactions  between  private 
parties;  that  it  would  lack  the  freedom  they  enjoy,  and,  in  view  of  its 
needs,  it  would  have  to  give  a  higher  price.  It  is  also  said  that  this 
price  would  be  in  excess  of  the  present  market  value  of  contiguous  or 
similarly  situated  property.  It  might  well  be  asked,  who  shall  describe 
the  conditions  that  would  exist,  or  the  exigencies  of  the  hypothetical 
owners  of  the  property,  on  the  assumption  that  the  railroad  were 
removed?  But,  aside  from  this,  it  is  impossible  to  assume,  in  making 
a  judicial  finding  of  what  it  would  cost  to  acquire  the  property,  that 
the  company  would  be  compelled  to  pay  more  than  its  fair  market 
value.  It  is  equipped  with  the  governmental  power  of  eminent 
domain.  In  view  of  its  public  purpose,  it  has  been  granted  _  this 
privilege  in  order  to  prevent  advantage  being  taken  of  its  necessities. 
It  would  be  free  to  stand  upon  its  legal  rights  and  it  cannot  be  sup- 
posed that  they  would  be  disregarded. 

4.  "It  is  urged  that  in  this  view  the  company  would  be  bound  to 
pay  the  'railroad  value'  of  the  property.  But  supposing  the  railroad 
to  be  obliterated  and  the  lands  to  be  held  by  others,  the  owner  of 
each  parcel  would  be  entitled  to  receive  on  its  condemnation  its  fair 
market  value  for  all  its  available  uses  and  purposes.  (United  States 
V.  Chandler-Dunbar  Water  Power  Co.,  decided  May  26,  1913,  229 
U.  S.,  53.)  If,  in  the  case  of  any  such  owner  his  property  had  a 
peculiar  value  or  special  adaptation  for  railroad  purposes,  that  would 
be  an  element  to  be  considered.  (Mississippi,  etc..  Boom  Company  v. 
Patterson,  98  U.  S.,  403;  Shoemaker  .v.  United  States,  147  U.  S.,  282; 
United  States  v.  Chandler-Dunbar  Co.,  supra.)  But  still  the  inquiry 
would  be  as  to  the  fair  market  value  of  the  property — as  to  what 
the  owner  had  lost,  and  not  what  the  taker  had  gained.  (Boston 
Chamber  of  Commerce  v.  Boston,  217  U.   S.,  189,  195.)     The  owner 
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woiild  not  be  entitled  to  demand  payment  of  the  amount  which  the 
property  might  be  deemed  worth  to  the  company,  or  of  an  enhanced 
value  by  virtue  of  the  purpose  for  which  it  was  taken,  or  of  an 
increase  over  its  fair  market  value,  by  reason  of  any  added  value 
supposed  to  result  from  its  combination  with  tracts  acquired  from 
others,  so  as  to  make  it  a  part  of  a  continuous  railroad  right  of  way 
held  in  one  ownership.  (United  States  v.  Chandler-Dunbar  Co., 
supra ;  Boston  Chamber  of  Commerce  v.  Boston,  supra.)  There  is  no 
evidence  before  us  from  which  the  amount  which  would  properly  be 
allowable  in  such  condemnation  proceedings  can  be  ascertained. 

5.  "Moreover,  it  is  manifest  that  an  attempt  to  estimate  what 
would  be  the  actual  cost  of  acquiring  the  right  of  way,  if  the  railroad 
were  not  there,  is  to  indulge  in  mere  speculation.  The  railroad  has 
long  been  established;  to  it  have  been  linked  the  activities  of  agri- 
culture, industry,  and  trade.  Communities  have  long  been  dependent 
upon  its  service,  and  their  growth  and  development  have  been  con- 
ditioned upon  the  facilities  it  has  provided.  The  uses  of  property 
in  the  communities  which  it  serves  are  to  a  large  degree  determined 
by  it.  The  values  of  property  along  its  line  largely  depend  upon  its 
existence.  It  is  an  integral  part  of  the  communal  life.  The  assump- 
tion of  its  non-existence,  and  at  the  same  time  that  the  values  that 
rest  upon  it  remain  unchanged,  is  impossible  and  cannot  be  enter- 
tained. The  conditions  of  ownership  of  the  property  and  the  amomits 
which  would  have  to  be  paid  in  acquiring  the  right  of  way,  supposing 
the  railroad  to  be  removed,  are  wholly  beyond  reach  of  any  process 
of  rational  determination.  The  cost  of  reproduction  method  is  of 
service  in  ascertaining  the  present  value  of  the  plant,  when  it  is 
reasonably  applied  and  when  the  cost  of  reproducing  the  property 
may  be  ascertained  with  a  proper  degree  of  certainty.  But  it  does 
not  justify  the  acceptance  of  results  which  depend  upon  mere  con- 
jecture. It  is  fundamental  that  the  judicial  power  to  declare  legislative 
action  invalid  upon  constitutional  grounds  is  to  be  exercised  only 
in  clear  cases.  The  constitutional  invalidity  must  be  manifest,  and 
if  it  rests  upon  disputed  questions  of  fact  the  invalidating  facts 
must  be  proved.     And  this  is  true  of  asserted  value  as  of  other  facts. 

6.  "The  evidence  in  these  cases  demonstrates  that  the  appraisement 
of  the  St.  Paul  and  Minneapolis  properties  which  were  accepted  by 
the  master  were  in  substance  appraisals  of  what  was  considered  to 
be  the  peculiar  value  of  the  railroad  right  of  way.  Efforts  to  express 
the  results  in  the  terms  of  a  theory  of  cost  of  reproduction  fail,  as 
naturally  they  must,  to  alter  or  obscure  the  essential  character  of  the 
work  undertaken  and  performed.  Presented  with  an  impossible 
hypothesis,  and  endeavoring  to  conform  to  it,  the  appraisers — men  of 
ability  and  experience — were  manifestly  seeking  to  give  their  best 
judgment  as  to  what  the  railroad  right  of  way  was  worth.  And 
doubtless  it  was  believed  that  it  might  cost  even  more  to  acquire  the 
property,  if  one  attempted  to  buy  into  the  cities  as  they  now  exist 
and  all  difficulties  that  might  be  imagined  as  incident  to  such  a  'repro- 
duction' were  considered.  The  railroad  right  of  way  was  conceived 
to  be  a  property  sui  generis,  'a  large  body  of  land  in  a  continuous 
ownership,'    representing   one   of   the   'highest    uses'    of   property    and 
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possessing  an  exceptional  value.  The  estimates  before  us,  as  approved 
by  the  master,  with  his  increase  of  25  per  cent,  in  the  case  of  the 
Duluth  property,  must  be  taken  to  be  estimates  of  the  'railway  value' 
of  the  land;  and  whether  or  not  this  is  conceived  of  as  paid  to  other 
owners  upon  a  hypothetical  reacquisition  of  the  property  is  not  con- 
trolling when  we  come  to  the  substantial  question  to  be  decided. 

7.  "That  question  is  whether,  in  determining  the  fair  present  value 
of  the  property  of  the  railroad  company  as  a  basis  of  its  charges  to 
the  public,  it  is  entitled  to  a  valuation  of  its  right  of  way  not  only 
in  excess  of  the  amount  invested  in  it,  but  also  in  excess  of  the  market 
value  of  contiguous  and  similarly  situated  property.  For  the  purpose 
of  making  rates,  is  its  land  devoted  to  the  public  use  to  be  treated 
(irrespective  of  improvements)  not  only  as  increasing  in  value  by 
reason  of  the  activities  and  general  prosperity  of  the  community,  but 
as  constantly  outstripping  in  this  increase,  all  neighboring  lands  of 
like  character  devoted  to  other  uses?  If  rates  laid  by  competent 
authority,  State  or  national,  are  otherwise  just  and  reasonable,  are 
they  to  be  held  to  be  unconstitutional  and  void  because  they  do  not 
permit  a  return  upon  an  increment  so  calculated? 

8.  "It  is  clear  that  in  ascertaining  the  present  value  we  are  not 
limited  to  the  consideration  of  the  amount  of  the  actual  investment. 
If  that  has  been  reckless  or  improvident,  losses  may  be  sustained  which 
the  community  does  not  underwrite.  As  the  company  may  not  be 
protected  in  its  actual  investment,  if  the  value  of  its  property  be 
plainlj'  less,  so  the  making  of  a  just  return  for  the  use  of  the  property 
involves  the  recognition  of  its  fair  value  if  it  be  more  than  its  cost. 
The  property  is  held  in  private  ownership  and  it  is  that  property, 
and  not  the  original  cost  of  it,  of  which  the  owner  may  not  be  deprived 
without  due  process  of  law.  But  still  it  is  property  employed  in  a 
public  calling,  subject  to  governmental  regulation,  and  while  under 
the  guise  of  such  regulation  it  may  not  be  confiscated;  it  is  equally 
true  that  there  is  attached  to  its  use  the  condition  that  charges  to 
the  public  shall  not  be  unreasonable.  And  where  the  inquiry  is  as 
to  the  fair  value  of  the  property,  in  order  to  determine  the  reasonable- 
ness of  the  return  allowed  by  the  rate-making  power,  it  is  not  admis- 
sible to  attribute  to  the  property  owned  by  the  carriers  a  speculative 
increment  of  value,  over  the  amount  invested  in  it  and  beyond  the 
value  of  similar  property  owned  by  others  solely  by  reason  of  the 
fact  that  it  is  used  in  the  public  service.  That  would  be  to  disregard 
the  essential  conditions  of  the  public  use  and  to  make  the  public 
use  destructive  of  the  public  right. 

9.  "The  increase  sought  for  'railway  value'  in  these  cases  is  an 
increment  over  all  outlays  of  the  carrier  and  over  the  values  of  similar 
land  in  the  vicinity.  It  is  an  increment  which  carmot  be  referred 
to  any  known  criterion,  but  must  rest  on  a  mere  expression  of  judg- 
ment which  finds  no  proper  test  or  standard  in  the  transactions  of 
the  business  world.  It  is  an  increment  which  in  the  last  analysis 
must  rest  on  an  estimate  of  the  value  of  the  railroad  use  as  compared 
with  other  business  uses;  it  involves  an  appreciation  of  the  returns 
from  rates  (when  rates  themselves  are  in  dispute)  and  a  sweeping 
generalization  embracing  substantially  all  the  activities  of  the  com- 
munity.    For  an  allowance  of  this  character  there  is  no  warrant. 
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10.  "Assuming  that  the  company  is  entitled  to  a  reasonable  share 
in  the  g'eneral  prosperity  of  the  communities  which  it  serves,  and  thus 
to  attribute  to  its  property  an  increase  in  value,  still  the  increase  so 
allowed,  apart  from  any  improvements  it  may  make,  cannot  properly 
extend  beyond  the  fair  average  of  the  normal  market  value  of  land 
in  the  vicinity  having  a  similar  character.  Otherwise  we  enter  the 
realm  of  mere  conjecture.  We  therefore  hold  that  it  was  error  to 
base  the  estimates  of  value  of  the  right  of  way,  yards,  and  terminals 
upon  the  so-called  railway  value  of  the  property.  The  company  would 
certainly  have  no  ground  of  complaint  if  it  were  allowed  a  value  for 
these  lands  equal  to  the  fair  average  market  value  of  similar  land 
in  the  vicinity,  without  additions  by  the  use  of  multipliers,  or  other- 
wise, to  cover  hypothetical  outlays.  The  allowances  made  below  for 
a  conjectural  cost  of  acquisition  and  consequential  damages  must 
be  disapproved;  and  in  this  view  we  also  think  it  was  error  to  add 
to  the  amount  taken  as  the  present  value  of  the  lands  the  further 
sums  calculated  on  that  value,  which  were  embraced  in  the  items  of 
'engineering,  superintendence,  legal  expense',  'contingencies',  and 
'interest  during  construction.'  " 

Conclusions  to  he  Drawn  from  the  Minnesota  Rate  Case. — Careful 
study  of  this  case  seems  to  indicate  that  the  Court  did  not  intend  to 
exclude  from  railway  lands  any  of  those  elements  of  cost  which  neces- 
sarily must  be  met  in  their  acquisition ;  on  the  contrary,  it  is  distinctly 
stated  that 

"It  is  impossible  to  assume  that  the  company  would  be  required 
to  pay  more  than  its  fair  market  value.  It  is  equipped  with  the  power 
of  eminent  domain.  *  *  *  It  would  be  free  to  stand  upon  its  legal 
rights  and  it  would  not  be  supposed  they  would  be  disregarded." 

Thus,  the  Court  makes  the  cost  of  acquiring  by  condemnation  the 
test.  The  utility  cannot  claim  any  more  in  the  reproduction  estimate 
than  would  be  paid  were  all  the  land  to  be  condemned,  giving  the 
owners  its  fair  market  value  for  all  available  uses  and  purposes. 

Another  point  that  is  strongly  brought  out  is  the  fact  that  land 
valuation  must  be  capable  of  proof  by  reference  to  known  and  estab- 
lished criteria  and  must  not  be  based  on  speculation  or  hypothesis. 
Among  the  paragraphs  quoted  by  the  Court  from  Mr.  Cooper's  tes- 
timony, is  the  following: 

"  'Q.  *  *  *  There  is  nothing  in  any  of  your  exhibits  which  will 
show,  nor  are  you  now  prepared  to  state,  the  difference  in  what 
might  be  termed  the  normal,  true,  ordinary  market  value  of  the 
lands  to  the  ordinary  individual,  and  the  sum  which  you  have  fixed 
as  the  market  value  to  the  railroad  company  if  it  were  now  compelled 
to  purchase  ?       A.  That  is  correct.'  " 

Again,  after  discussing  all  the  elements  of  value  which  would  be 
allowable  in  case  of  condemnation,  the  Court  says: 
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"There  is  no  evidence  before  us  from  which  the  amount  which  would 
be  properly  allowable  in  such  condemnation  proceedings  can  be  ascer- 
tained." 

and,   in  the  next  to  the  last  paragraph  quoted: 

"The  amount  of  the  fair  value  of  the  company's  land  cannot  be 
satisfactorily  determined  from  the  evidence." 

This  decision  must  be  looked  on  as  sounding  a  strong  note  of 
warning  against  adding  elements  of  value  which  are  hypothetical,  or 
increments  which  are  based  on  generalization  or  speculation. 

The  adoption  of  a  sweeping  rule  and  its  application,  when  "it 
cannot  be  referred  to  any  known  criterion",  and  has  "no  proper  test 
or  standard  in  the  transactions  of  the  business  world",  is  not  endorsed 
in  this  case.  The  problem  in  the  valuation  of  lands  of  the  class  under 
consideration  is  to  find  such  a  rule  as  will  apply,  as  will  be  capable 
of  direct  proof,  and  as  will  be  supported  by  the  standard  of  ordinary 
transactions  in  the  business  world  and  by  actual  experience  in  the 
buying  of  lands  for  similar  purposes  under  similar  conditions. 

Although  the  decision  does  not  seem  to  be  capable  of  such  an 
interpretation  as  would  exclude  any  elements  of  value  which  would 
actually  be  paid  for  in  acquiring  the  land,  it  does  unequivocally 
bar  from  consideration  any  intangible  values  which  would  attach 
to  the  property  by  reason  of  its  new  ownership  and  new  use.  No 
hypothetical  "railway  value"  is  to  be  considered.  The  decision, 
throughout  the  discussion  of  land  values,  is  full  of  references  to  these 
speculative  elements  of  value  and  the  impossibility  of  their  deter- 
mination by  any  known  rules.  It  would  appear  to  be  clear  that  the 
Courts  will  not  approve  any  attempt  to  attach  to  land  values,  in 
connection  with  the  valuation  of  physical  property,  "a  speculative  incre- 
ment of  value,  over  the  amount  invested  in  it  and  beyond  the  value 
of  similar  property  owned  by  others  solely  by  reason  of  the  fact  that 
it  is  used  in  public  service." 

There  is  one  element  of  loss  to  the  owner  which  is  not  mentioned 
in  the  decision,  but  the  Committee  feels  sure  that  the  omission  was 
not  intended  to  deny  the  propriety  of  including  the  element,  because, 
as  seems  to  be  indicated  in  Paragraphs  6  to  10,  the  Court  satisfied 
itself  with  the  decision  that  an  attempt  had  been  made  to  show  "rail- 
way value",  "what  the  taker  had  gained",  for  the  land,  that  this  was 
improper,  and  that  there  was  no  evidence  submitted  to  show  what  the 
real  value  might  be,  and  hence  that  other  questions  which  might  be 
pertinent  were  not  considered.  The  element  to  which  reference  is 
made  is  that  of  damage  to  the  remaining  property  by  reason  of  the 
taking  of  a  part  of  it — severance  damages. 

There  is  a  long  line  of  Court  decisions  in  condemnation  cases, 
and  some  State  statutes  which  sustain  the  inclusion  of  this  element  of 
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co8t  wherever  coiideuination  is  necessary.  It  is  not  believed  by  the 
Committee  that  this  decision  is  to  be  construed  as  arbitrarily  exclud- 
inc:  this  element  of  just  compensation,  or  value  to  the  seller,  where 
it  would  occur,  and  would  be  capable  of  proper  proof. 

Although  the  decision  seems  to  exclude  another  item  of  cost  to  the 
company — namely,  the  costs  of  acquisition — the  Committee  believes 
that  this  exclusion  is  apparent  rather  than  real,  and  that  a  proper 
estimate  of  the  costs  of  acquisition,  which  should  be  made  on  a 
rational  basis,  the  result  of  experience  in  or  knowledge  of  similar  pur- 
chases, would  undoubtedly  have  been  approved.  The  testimony  before 
the  Court  seemed  to  include  all  the  elements  of  cost  over  "fair  value" 
as  "fair  value",  and  then  to  add  to  this  and  resulting  sums  successive 
percentages  for  engineering,  etc.,  contingencies,  and  interest;  all  of 
which  appealed  to  the  Court  as  creating  a  purely  hypothetical  or  con- 
jectural value. 

Therefore,  in  spite  of  the  quite  positive  character  of  the  latter  half 
of  Paragraph  10,  the  Committee  believes  that  this  wording,  taken 
in  connection  with  the  last  three  sentences  of  Paragraph  3,  the  second 
sentence  of  Paragraph  4,  the  well-known  interpretation  at  law  of  the 
term  "just  compensation",  and  the  character  of  the  testimony  offered 
in  the  Minnesota  rate  case,  does  not  exclude  properly  estimated  "fair 
market  value",  "severance  damage"  where  it  would  be  incurred,  or 
proper  "costs  of  acquisition",  from  an  estimate  of  the  cost  of  repro- 
duction, however  the  Court  may  regard  any  of  these  items  when  finally 
determining  "fair  value". 

All  three  are  certainly  elements  of  the  cost  recognized  by  all  per- 
sons who  have  had  to  do  with  the  purchase  of  properties  for  public 
utilities  whether  privately  or  publicly  owned.  The  Court  contented 
itself  with  showing  that  the  evidence  before  it  was  to  sustain  the 
value  as  what  the  taker  would  gain,  not  what  the  seller  would  lose; 
and  that  this  is  not  a  proper  basis  for  cost  of  reproduction. 

The  Meaning  of  the  Term  "Marhet  Value." — The  words  "market 
value"  in  the  ordinary  acceptance  of  the  term  mean  the  price  of  a 
commodity  in  the  open  market,  the  price  at  which  it  is  bought  and  sold. 

The  market  value  of  land  for  general  purposes,  as  used  in  con- 
demnation and  similar  cases,  has  been  defined  many  times.  As  com- 
prehensive and  satisfactory  a  definition  as  any  is  that  of  the  Supreme 
Court  of  Kansas,  as  follows  (Kansas  City,  etc.,  Rd.  Co.  vs.  Fisher,  49 
Kans.,  17)  : 

"The  market  value  means  the  fair  value  of  the  property  as  between 
one  who  wants  to  purchase  and  one  who  wants  to  sell,  not  what  could 
be  obtained  for  it  under  peculiar  circumstances  when  a  greater  than 
its  fair  price  could  be  obtained,  nor  its  speculative  value;  not  a  value 
obtained  from  the  necessities  of  another;  nor  on  the  other  hand  is  it 
to  be  limited  to  that  price  which  the  property  woula  bring  when  forced 
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oif  at  auction  under  the  hammer.     It  is  what  it  would  bring  at  a  fair 
public  sale  when  one  party  wanted  to  sell  and  the  other  to  buy." 

Mr.  Justice  Hughes  fixed  condemnation  as  the  measure. 

"It  is  impossible  to  assume  *  *  *  that  the  company  would  be 
compelled  to  pay  more  than  its  fair  market  value.  It  is  equipped  with 
the  governmental  power  of  eminent  domain.  *  *  *  The  owner  of 
each  parcel  would  be  entitled  to  receive  on  its  condemnation  its  fair 
market  value  for  all  its  available  uses  and  purposes." 

What  is  the  measure  of  damages  in  condemnation?  What  would 
the  seller  of  the  land  be  compelled  to  take  as  the  fair  market  value? 
Lewis  in  "Eminent  Domain",  Section  463,  states: 

"Measure  of  damages  when  entire  tract  is  taken.  This  case  presents 
but  little  difficulty,  and,  so  far  as  we  have  observed,  there  is  no  differ- 
ence in  the  authorities  as  to  ihe  proper  measure  of  damages.  A  fair 
equivalent  for  any  entire  piece  of  property  is  its  value  in  money." 

Also,  in  Section  464 : 

"^hen  part  is  taken,  Just  Compensation  includes  damages  to  the 
remainder.  Upon  this  point  there  is  entire  vmanimity  of  opinion. 
The  constitutional  provision  cannot  be  carried  out,  in  its  letter  and 
spirit,  by  anything  short  of  a  just  compensation  for  all  the  direct 
damages  to  the  owner  of  the  lot,  confined  to  that  lot,  by  the  taking  of 
his  land.  The  paramount  law  intends  that  such  owner,  so  far  as  that 
lot  is  in  question,  shall  be  put  in  as  good  a  condition,  pecuniarily,  by 
a  just  compensation,  as  he  would  have  been  in  if  that  lot  of  land  had 
remained  entire,  as  his  own  property.  How  much  less  is  that  lot,  and 
its  erections  thereon  remaining,  worth  to  the  owner,  as  property  to  be 
used  or  leased  or  sold  the  day  after  the  part  was  taken,  to  be  used  for 
the  purposes  designed,  than  the  whole  lot  intact  was  the  day  before 
such  taking  (Bangor  &  Piscataqua  R.  R.  Co.  vs.  McComb,  60  M.  E., 
290).  In  considering  damages  to  the  remainder  however,  the  whole 
remainder  must  be  taken  into  account.  If  part  is  damaged  and  part 
benefited,  the  question  will  be  whether  the  whole  is  worth  less  than  be- 
fore the  taking." 

The  same  use  of  the  word  "just"  is  to  be  found  in  nearly  every 
State  Constitution  wherein  "just  compensation"  is  used  to  express  the 
measure  of  damages  for  taking  of  property  under  the  right  of  eminent 
domain. 

The  value  to  be  used,  therefore,  is  the  fair  market  value  of  the 
property  taken  and  the  damages  to  that  not  taken,  and  "just  compensa- 
tion" shall  take  into  account  all  elements  of  value  heretofore  discussed. 

The  Committee  is  of  the  opinion  that  in  estimating  cost  it  is  not 
error  to  consider  each  parcel  originally  acquired,  and  to  attach  to  it 
such  reproduction  cost  as  would  be  fixed  in  condemnation,  including 
severance  damages,  where  severance  would  actually  occur,  and  that 
the  reproduction  cost  so  found  should  be  accepted  as  significant.     To 
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assume  arbitrarily  a  rule  of  valuation,  based  on  the  use  of  hypothetical 
multiples,  and  apply  it  to  the  entire  acreage  of  lands  in  a  State  cannot 
be  sustained.  The  failure  to  point  out  what  proportion  of  lands  bear 
severance  damages,  i;nd  the  failure  to  support  by  actual  recent  costs 
or  actual  recent  experience  in  the  acquisition  of  similar  lands,  and  the 
further  failure  to  indicate  the  relation  existing  between  the  price  per 
acre  measure  when  applied  to  utility  lands,  many  if  not  most  of  which 
have  a  large  element  of  consequential  damages,  and  the  price  per 
acre  measure  applied  to  entire  tracts  taken  or  tracts  sold  for  general 
purposes,  is  likely  to  be  serious  and  defeat  the  object  of  the  valuation. 

Value  to  Owner  and  Taker. — The  Element  That  Must  he  Excluded 
in  Valuation. — Turning  to  Boston  Chamber  of  Commerce  v.  Boston 
(217  U.  S.,  189,  195),  we  find  the  origin  of  the  expression  of  the  quoted 
paragraph,  "as  to  what  the  owner  had  lost,  and  not  what  the  taker  had 
gained",  and  the  facts  in  that  case  clearly  indicate  that  in  condemna- 
tion cases  the  inquiry  must  be,  'What  has  the  owner  lost?" 

It  is  somewhat  difficult  to  understand  that  the  taker  may  fairly 
obtain  something  with  which  the  owner  does  not  part,  but,  taken  in 
connection  with  Paragraphs  478  and  479  of  Lewis  on  "Eminent 
Domain",  and  with  decisions  heretofore  quoted,  it  seems  to  be  quite 
apparent  that  Mr.  Justice  Hughes  made  what  he  meant  sufficiently 
clear  when  he  said: 

"The  owner  would  not  be  entitled  to  demand  payment  of  the  amount 
which  the  property  might  be  deemed  worth  to  the  company,  or  of  an 
enhanced  value  by  virtue  of  the  purpose  for  which  it  was  taken,  or  of 
an  increase  over  its  fair  market  value,  by  reason  of  any  added  value 
supposed  to  result  from  its  combination  with  tracts  acquired  from 
others,  so  as  to  make  it  a  part  of  a  continuous  railroad  right  of  way 
held  in  one  ownership." 

This  language  harmonizes  with  the  well-settled  principles  set  forth 
by  Lewis,  and  shows  that  there  may  be  something  gained  by  the  taker 
that  is  not  properly  a  part  of  the  damages  which  the  owner  sustains. 
This  additional  value  is  not  properly  to  be  included  in  the  reproduc- 
tion estimate. 

The  subject  is  gone  into  at  some  length  in  U.  *S.  v.  Chandler- 
Dunbar  (229  U.  S.,  pages  79-81),  where  a  strategic  value  was  claimed 
for  certain  property.     Therein,  the  Court  said: 

"That  the  property  may  have  to  the  public  a  greater  value  than 
the  fair  market  value,  affords  no  just  criterion  for  estimating  what 
the  owner  should  receive.  It  is  not  proper  to  attribute  to  it  any  part 
of  the  value  which  might  result  from  a  consideration  of  its  value  as  a 
necessary  part  of  a  comprehensive  system  of  river  improvement  which 
should  include  the  river  and  the  upland  upon  the  shore  adjacent.  *  *  * 
A  'strategic  value'  might  be  realized  by  a  price  fixed  by  the  necessities 
of  one  person  buying  from  another,  free  to  sell  or  refuse  as  the  price 
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suited.  But  in  a  condemnation  proceeding,  the  value  of  the  property 
to  the  Government  for  its  particular  use  is  not  a  criterion.  The  owner 
must  be  compensated  for  what  is  taken  from  him,  but  that  is  done 
when  he  is  paid  its  fair  market  value  for  all  available  uses  and  pur- 
poses, Lewis,  Eminent  Domain,  2d  Ed.,  Sec.  706 ;  Moulton  v.  Newbury- 
port  Water  Co.,  137  Mass.,  163,  167;  United  States  v.  Senfert  Bros. 
Co.,  78  Fed.  Eep..  520;  Alloway  v.  Nashville.  88  Tenn.,  510,  514;  United 
States  V.  Honolulu  Co.,  122  Fed.  Eep.,  581." 

The  Committee  interprets  the  decision  of  the  Court  to  support  quite 
clearly  the  contention  that  all  elements  of  value  and  damages  to  the 
seller  considered  in  condemnation  must  be  considered  in  valuation, 
but  that  special  values  due  to  increased  earning  power  by  reason  of  a 
new  use  are  not  approved  in  these  decisions.  This  feature  is  especially 
emphasized  in  City  of  New  York  vs.  William  Sage,  Jr.,  (229  U.  S.,  372). 

In  this  case,  the  Commissioners  appointed  by  the  City  reported  that: 

"The  sum  of  $7  624.45  for  lands  and  buildings  and  the  further 
sum  of  $4  324.45  for  reservoir  availability  and  adaptability  being  a 
grand  total  of  the  sum  of  $11  948.90  is  the  sum  ascertained  and  deter- 
mined by  us  *  *  *  to  be  paid  to  the  owners  of  and  all  persons  in- 
terested in  said  land  for  the  taking  of  the  fee  thereof,  designated 
*    *    *    as  Parcel  733." 

The  report  was  confirmed  by  the  Circuit  Judge  (190  Fed.,  413) 
and  by  the  Circuit  Court  of  Appeals  (124  C.  C.  A.,  251,  206  Fed., 
369)  but  was  reversed  by  the  U.  S.  Supreme  Court,  which  said  (229 
U.    S.,   372): 

"Upon  an  inspection  of  the  record  it  appears  to  us,  as  the  language 
of  the  Commissioners  on  its  face  suggests,  that  their  report  does  not 
mean  that  the  claimant's  land  had  a  market  value  of  $11  948.90 — that 
it  would  have  brought  that  sum  at  a  fair  sale — but  that  they  considered 
the  value  of  the  reservoir  (site)  as  a  whole  and  allowed  what  they 
thought  a  fair  proportion  of  the  increase,  over  and  above  the  market 
value  of  the  lot,  to  the  owner  of  the  land,  subject  to  the  opinion  of 
the  Court  upon  the  point  of  law  thus  raised.  *  *  *  But  the  only 
-explanation  of  the  separation  of  items  by  the  Commissioners  is  that 
they  were  not  prepared  to  say  that  the  market  value  of  the  lot  was 
$11  948.90,  seeing  that  the  claimant  bought  it  a  few  days  before  for 
$4  500,  but  that  they  thought  the  additional  value  gained  by  the  City's 
act  should  be  taken  into  account  and  shared  between  the  City  and  the 
owner  of  the  land — a  proposition  to  which  we  cannot  assent  (Minne- 
sota Rate  Cases,  230  U.  S.,  352,  451;  McGovern  v.  New  York,  229 
U.  S.,  363,  372)." 

******* 

"The  decisions  appear  to  us  to  have  made  the  principles  plain.  No 
doubt  when  this  class  of  questions  first  arose  it  was  said  in  a  general 
way  that  adaptability  to  the  purposes  for  which  the  land  could  be  used 
most  profitably  was  to  be  considered;  and  that  is  true.  *  *  *  But 
it  is  to  be  considered  only  so  far  as  the  public  would  have  considered 
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it  if  the  land'  had  been  oflFered  for  sale  in  the  absence  of  the  City's 
exercise  of  the  power  of  eminent  domain. 

"The  fact  that  the  most  profitable  use  could  be  made  only  in  con- 
nection with  other  land  is  not  conclusive  against  its  being  taken  into 
account,  if  the  union  of  the  properties  necessary  is  so  practicable  that 
the  possibility  would  affect  the  market  price.  *  *  *  But  what  the 
owner  is  entitled  to  is  the  value  of  the  property  taken,  and  that  means 
what  it  fairly  may  be  believed  that  a  purchaser  in  fair  market  condi- 
tions would  have  given  for  it  in  fact — not  what  a  tribunal  at  a  later 
date  may  think  a  purchaser  would  have  been  wise  to  give,  nor  a  pro- 
portion of  the  advance  due  to  its  union  with  other  lots. 

''The  city  is  not  to  be  made  to  pay  for  any  part  of  what  it  has 
added  to  the  land  by  thus  uniting  it  with  other  lots  if  that  union  would 
not  have  been  practicable  or  have  been  attempted  except  by  the  inter- 
vention of  eminent  domain. 

"Any  rise  in  value  before  the  taking,  not  caused  by  the  expectation 

of  that  event,  is  to  be  allowed,  but  we  repeat,  it  must  be  a  rise  in  what 

a  purchaser  might  be  expected  to  give." 

******  * 

"The  enhanced  value  of  the  land  as  a  part  of  the  Ashokan  Reser- 
voir depends  on  the  whole  land  necessary  being  devoted  to  that  use. 
*  *  *  If  the  parcels  were  not  brought  together  by  a  taking  under 
eminent  domain,  the  chance  of  their  being  united  by  agreement  or 
purchase  in  such  a  way  as  to  be  available  well  might  be  regarded  as 
too  remote  and  speculative  to  have  any  legitimate  effect  upon  the 
valuation." 

This  case  well  illustrates  ihe  fact  that  in  condemnation  proceed- 
ings the  owner  is  not  entitled  to  the  enhanced  value  of  the  land  which 
comes  to  it  as  a  part  of  the  enterprise  for  which  it  is  taken;  that  is  to 
say,  the  additional  value  gained  by  the  company's  act  of  taking  the 
land  and  combining  it  with  other  parcels  should  not  be  taken  into 
account,  and  the  owner  is  not  entitled  to  participate  in  such  addi- 
tional value  so  gained.  The  company  is  not  bound  to  pay  any  part  of 
what  it  adds  to  the  land  by  uniting  it  with  other  tracts.  In  determin- 
ing the  reproduction  cost — what  the  owners  are  entitled  to  receive — 
adaptability  to  the  purposes  for  which  the  land  can  be  used  most 
profitably  may  be  considered,  but  only  so  far  as  the  public  would  have 
considered  such  adaptability  if  the  land  had  been  offered  for  sale  in  the 
absence  of  the  company's  exercise  of  the  power  of  eminent  domain. 
The  available  uses  and  purposes  referred  to  may  not  properly  include 
any  more  than  what  it  may  be  fairly  believed  a  purchaser  under  fair 
market  conditions  would  pay  lor  the  land  in  advance  of  its  union  with 
other  lots  for  more  profitable  \ise.  Any  value  which  exists  before  the 
taking  of  the  land,  and  which  is  not  caused  by  the  expectation  of  that 
event,  is  to  be  allowed. 

Normal  Cost  of  Public  Utility  Lands  as  Compared  with  General 
Land   Values. — As   has   already   been   pointed   out, '  sales   of   land   for 


1810  VALUATION  OF  PUBLIC  UTILITIES  [Papers. 

general  purposes  are  made  under  conditions  which  are  very  different 
from  those  that  prevail  in  the  case  of  sales  for  railroad  or  reservoir 
lands.  In  one  case,  the  sale  is  of  the  entire  parcel,  both  parties  to  the 
transaction  being  willing  parties,  the  buyer  being  free  to  take  or  leave 
the  bargain.  In  the  other  case,  the  purchaser  must  take  this  particular 
parcel  or  part  thereof  and  no  other.  He  may  condemn,  but  if  he  takes 
only  a  part,  he  must  include  the  element  of  severance  and  other  dam- 
ages in  his  price.  These  considerations  lead  the  Committee  to  the 
conclusion  that  fair  comparison  can  only  be  made  with  similar  pur- 
chases, that  is,  railroad  land  costs  for  inclusion  in  a  valuation  by  the 
reproduction  method  must  be  determined  by  a  study  of  railroad  pur- 
chases of  lands  of  the  same  class,  in  the  same  locality.  It  may  be  that 
in  certain  districts  the  cost  of  lands  for  railroad  right  of  way  exceeds 
little,  or  not  at  all,  the  cost  of  lands  for  farming  or  other  general  pur- 
poses, while  a  few  miles  away  the  development  of  the  country  is  such 
that  very  heavy  severance  damages  will  be  incurred,  thereby  increas- 
ing the  resulting  cost  per  acre  to  several  times  that  of  the  general  pur- 
pose land.  It  devolves  on  the  evaluator,  therefore,  to  support  his  esti- 
mate by  actual  history  as  to  the  extent  of  inclusion  of  damages,  and 
by  actual  recent  costs  of  like  accumulations  of  property  in  the  same 
or  contiguous  territory  or  in  territory  where  all  general  conditions  are 
similar. 

That,  as  a  general  rule,  a  right  of  way  for  a  railroad  or  a  body  of 
lands  acquired  for  a  dam  or  reservoir  does  cost  more  per  acre  or 
square  foot  than  other  lands  is  clearly  shown  by  a  study  of  records 
of  actual  costs  of  such  tracts. 

Professor  David  Friday,  in  making  the  land  valuation  of  the  Pere 
Marquette  Railroad,  in  Michigan,  cites  several  instances  of  land  pur- 
chases, as  follows: 

(1). — The  right  of  way  from  Greenville  to  Stanton,  purchased  in 
1900,  cost  $22  435.  This  includes  several  $1  considerations 
and  does  not  include  such  costs  of  acquisition  as  services  of 
real  estate  agents,  registration  fees,  legal  and  recording  fees, 
and  other  similar  items  of  expense.  The  value  of  this  record, 
on  the  basis  of  contiguous  lands,  would  be  only  $6  738,  mani- 
festly an  absurdly  low  figure  in  view  of  the  fact  that  land  in 
this  district  has  increased  in  value  more  than  60%  since 
the  date  of  purchase. 

(2). — The  right  of  way  from  Belding  to  Lowell,  purchased  at 
various  times  between  1892-1900,  cost  $32  518.  The  present 
value,  on  the  basis  of  adjoining  lands,  is  $13  136.  Here,  also, 
the  increase  in  value  has  been  large. 
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(3). — The  right  of  way  from  Oak  to  Delray,  purchased  in  1891- 
1892,  cost  $191  013.  The  present  value,  on  the  basis  of  ad- 
joining lands,  would  be  $121 120.  The  proximity  of  this 
land  to  the  City  of  Detroit  has  increased  general  values  by 
more  than  100%  since  the  acquisition  of  the  right  of  way. 

(4). — The  land  for  the  right  of  way  for  the  new  track  at  New 
Buffalo,  consisting  of  199  acres,  was  purchased  in  1911  at 
an  average  cost  of  more  than  $185  per  acre.  This  is  at  least 
three  times  the  unit  value  of  adjoining  lands. 

The  following,  also  cited  by  Professor  Friday,  serve  as  further 
examples  of  the  cost  of  railroad  rights  of  way  in  various  locations  and 
under  various  conditions : 

The  Benton  Harbor-St.  Joe  Interurban  Road,  from  Benton 
Harbor  to  Coloma,  Mich.,  a  distance  of  12  miles,  bought,  in 
1910,  100.46  acres  for  its  right  of  way  at  an  average  cost  per 
acre  of  $267.30.  This  was  bought  through  a  territory  which 
desired  the  road  and  in  which  land  was  worth  from  $60  to 
$100   per  acre. 

The  Milwaukee,  Sparta  and  Northwestern  Railway  in  the  State 
of  Wisconsin  purchased  the  5  127  acres  in  its  right  of  way  and 
station  grounds  for  $1 129  531.  The  market  value  of  these 
lands  on  the  basis  of  values  of  adjoining  lands  was  $361  015, 
or  less  than  one-third  the  amount  actually  paid  therefor. 

The  Chicago,  Burlington  and  Quincy  Railway  bought,  some  years 
ago,  land  in  the  City  of  Moline  for  $112  000.  The  market 
value  of  these  lands,  as  estimated  on  the  basis  of  adjoining 
values,  was  $66  600. 

The  "Soo"  line  paid  for  3  460  acres  in  Wisconsin,  purchased  in 
extending  its  road  from  Glenwood  north  to  the  State  line 
and  from  Thief  River  Falls  west  to  the  State  line,  the  sum 
of  $190  950.  The  value  per  acre  of  land  in  the  immediate 
vicinity  as  estimated  by  the  Wisconsin  Tax  Commission 
was  $19.30;  the  price  paid  by  the  Railroad  Company  was 
$55.20,  or  2.85  times  the  ordinary  value. 

Purchases  for  the  Illinois  Central  through  Mower  and  Freeborn 
Counties  in  Minnesota  some  years  ago,  amounting  to  228 
acres,  cost  the  Railroad  $125  per  acre,  while  the  adjoining 
lands  were  estimated  by  the  Minnesota  Railroad  and  Ware- 
house Commission  as  having  a  value  of  $49  per  acre. 

The  Hastings  and  Northwestern  Railroad  Company,  a  subsidiary 
of  the  Union  Pacific  Railroad,  purchased  its  right  of  way 
between  August,  1912,  and  May,  1914,  at  a  cost  of  $221  355.06. 
The  value  of  this  land,  on  the  basis  of  unit  values  of  adjoining 
land  was  $96  729. 
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In  1903,  an  extended  series  of  investigations  of  actual  considera- 
tions paid  by  railroads  for  rights  of  way  for  new  lines,  changes  of  line, 
and  for  lands  for  widening  right  of  way,  were  made  by  Mr.  Van  Ranst 
Fond  and  H.  E.  Riggs,  M.  Am.  Soc.  C.  E. 

These  investigations  were  supported  by  a  large  mass  of  testimony 
given  by  registers  of  deeds,  land  owners,  and  others,  in  the  Michigan 
tax  cases.  There  are  very  few  condemnations  in  the  many  hundreds  of 
transfers  investigated.  Some  typical  examples  of  these  data  follow: 
The  Jackson  and  Battle  Creek  Railway  was  an  electric  interurban 
line,  partly  paralleling  the  highways,  and  for  a  number  of 
miles  being  parallel  with  and  adjoining  the  Michigan  Central 
right  of  way — all  country  lands;  average  considerations  to 
owners  in  Jackson  County,  $239.53  per  acre;  in  Calhoun 
County,  $218.74  per  acre.  Farm  land  values  in  these  counties 
range  from  $60  to  $100  per  acre,  with  $75  to  $80  per  acre  as  a 
liberal  average. 
In  Monroe  County,  Michigan,  several  lines  of  road  have  been  built 
since  1900.  This  is  good  farming  land  worth  from  $80  to 
$100  per  acre.  Considerations  (average  for  the  entire  County) 
were  paid  for  railroad  lands  as  follows:  Flint  and  Pare  Mar- 
quette, $215.21;  Toledo  and  Monroe  (electric),  $461.13;  and 
the  Detroit  and  Toledo  Shore  Line,  $262.49. 
The  Grand  Trunk  Railway'  made  certain  changes  of  its  lines  near 
Flint  and  near  Battle  Creek,  which  involved  in  each  instance 
building  several  miles  of  new  line.  This  was  far  enough 
away  from  the  old  line  to  get  out  of  the  same  farms  and, 
except  at  the  extreme  ends,  there  were  no  complications  due 
to  crossing  lands  already  cut.  There  were  no  condemnations. 
The  line  near  Flint,  in  Genesee  County,  was  entirely  across 
good  farm  land  worth  from  $100  to  $115  per  acre.  The 
average  paid  per  acre  was  $337.56.  West  of  Battle  Creek,  in 
Calhoun  County,  the  land  was  sandy  and  not  high-class, 
and  worth  from  $60  to  $85  per  acre.  The  average  consideration 
was  $491.13  per  acre.  In  neither  case  were  values  affected  by 
proximity  to  the  cities,  as  there  was  no  plotting  of  new 
additions  near  the  city  nor  of  either  cut-ofiF. 
In  1896,  the  Ann  Arbor  Railroad  built  a  new  main  line  10  miles 
north  in  Washtenaw  County.  This  line  left  the  old  line  about 
3  miles  north  of  Ann  Arbor  and  was  several  miles  west  of  the 
old  road.  It  was  wholly  in  farming  lands,  part  of  poor  quality. 
Values  ranged  from  $50  to  $90  per  acre,  averaging  about  $75. 
The  considerations  averaged  $285  per  acre. 

The  foregoing  examples  are  only  a  few  of  the  many  investigated  in 
Michigan.     In  these,  the  railroad  lands,  no  matter  how  acquired,  cost 
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from  two  and  one-half  to  six  times  as  much  as  general  lands,  due, 
doubtless,  in  great  measure,  to  the  amount  of  severance  damages  paid 
by  the  companies,  but  which  elements  of  cost  were  not  segregated  in 
the  work  in  Michigan. 

In  none  of  the  examples  cited  are  costs  of  acquisition  or  overhead 
cost  included. 

Among  the  illustrations  presented  by  the  railroads  to  the  Inter- 
state Commerce  Commission  in  1915  was  a  statement  showing,  for  a 
number  of  roads  in  several  States,  the  actual  cost  of  recent  acquisitions 
of  railway  lands.  This  statement  includes  purchases  on  a  total  of  more 
than  405  miles  of  line,  and  is  summarized  as  follows : 

Total  purchase,  Bare  land  Percentage        rifhor         ^aLT'^f 

Miles  of  line                exclusive  of  value,  based  of  land  elempnts  other  ele 

Mile.s  ot  line.                  costs  of  on  general  value  to  ^^^Jfo^r  ments  to 

acquisition.  values.  total  cost.  °*  °°®*'  ^^al  cost 

Right  of  way,  465.4.  $7  868  213     $3  857  783       49        $4  009  831       51 
Yards  and  terminals.     2  005  158       1144  774       57.2  856  384       42.8 

These  figures  indicate  so  clearly  that  railroad  purchases  exceed 
purchases  for  general  purposes  that  it  would  appear,  with  a  proper 
presentation  as  to  the  percentages  of  the  total  acreage  affected  by  other 
elements  of  cost,  and  proper  support  by  reference  to  actual  recent  rail- 
road costs  under  conditions  similar  to  those  under  investigation,  that 
the  proof  might  be  considered  to  be  convincing  as  to  the  relation  of 
actual  costs  to  general  values  of  lands. 

That  lands  belonging  to  other  classes  of  utilities  present  the  same 
relation  to  general  lands  is  more  difficult  of  exact  illustration  on 
account  of  the  scarcity  of  reliable  records. 

Certain  records  are  available,  showing  the  considerations  paid  for 
lands  and  the  amounts  paid  for  damages  and  incidental  costs  other 
than  land  in  connection  with  the  acquisition  of  lands. 

New  York  City— Catskill  Water  Supply— Cost  of  Lands.* 

Direct  cost  of  21  327  acres $10  699  946;  average  $509  per  acre 

Interest    (actual) 1648  801  "  78     "       " 

Indirect  and  consequential  damages.        294  801  "  14     "       " 

Fees,  legal,  and  sundry  expense 4 188  795  "  200     "       " 

Total  cost  of  lauds $16  808  344;   average  $801  per  acre 

Excluding    interest .  $723     "       " 

The  cost  of  acquisition,  or  overheads,  excluding  interest,  aggre- 
gates 39.26  per  cent. 

*  Based  on  Board  of  Water  Supply  figures  of  December  31st,  1914,  litigation 
still  pending  as  to  value  of  345  acres. 
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An  analysis  of  this  figure  is  of  great  interest  as  showing  the  same 
wide  range  between  cost  of  land  and  expenses  that  occur  in  railroad 
lands. 


Cost  of 

Expenses, 

land  per 

Expenses 

percentage 

Total  per 

Division  of  work. 

Acres. 

acre,  award. 

per  acre. 

of  land  cost. 

acre  cost. 

Ashokan    Reservoir  . .  . 

15  221 

$    243 

$    155 

61.41 

$     398 

Northern    Aqueduct .  . . 

1637 

470 

428 

91.08 

898 

Kensico    Reservoir.  . .  . 

3  182 

742 

404 

53.17 

1146 

Hill  View       " 

163 

8  796 

3  871 

44.01 

12  667 

Southern    Aqueduct... 

957 

1987 

787 

39.66 

2  774 

City       Aqueduct,       90 

acres  owned   by   city 

(bought)    

76 

6  585 

962 

15.03 

7  547 

A  recent  case  in  Michigan  is  very  interesting,  as  throwing  light 
on  the  cost  and  value  of  lands  for  flowage  purposes. 

A  power  company  was  organized  to  take  over  a  tract  of  17  000 
acres  of  land  on  the  Sturgeon  River  and  build  two  hydro-electric 
plants.  In  1911,  the  Duluth,  South  Shore  and  Atlantic  Railway  valua- 
tion placed  the  company's  right  of  way  in  these  counties  (Houghton 
and  Baraga)  at  from  $25  to  $45  per  acre  for  country  lands  near  the 
proposed  site  of  the  reservoir  (about  2  to  5  miles  distant).  The  State's 
attorney  contended  for  values  of  from  $5  to  $10  per  acre.  Actual  land 
sales  throughout  that  part  of  the  country  occupied  by  reservoir  and 
railroad  had  ranged  from  $2  to  $10  per  acre  plus  the  value  of  the  timber 
on  the  lands,  or  an  average,  land  and  timber,  of  about  $12.  Under  the 
law,  the  power  company  applied  to  the  Michigan  Railroad  Commis- 
sion for  authority  to  issue  stock  and  bonds.  The  opinion,  by  Commis- 
sioner Lawton  T.  Hemans,  is  dated  June  11th,  1913,  and  is  in  part 
as  follows  :* 

"We  believe  that  the  lands  described  in  the  application  herein  should 
be  capitalized  at  their  fair  market  value,  as  represented  by  their  initial 
cost,  plus  reasonable  compensation  for  the  time,  energy,  and  ability 
bestowed  in  their  acquisition,  for  the  risk  involved,  and  for  the  use  of 
the  capital  invested  during  the  interval  that  must  elapse  between  the 
inception  of  the  project,  in  carrying  forward  negotiations  and  pur- 
chases of  distinct  parcels,  and  their  final  utilization  as  an  assembled 
whole.  It  may  be  contended  that  the  various  elements  which  it  is 
suggested  should  form  the  basis  of  the  capitalization  allowed  for  lands 
and  flowage  rights  are,  except  as  to  initial  cost,  as  indefinite  as  cap- 
italization computed  upon  any  of  the  bases  which  the  Commission 
rejects,  but  the  Commission  is  persuaded  that  with  the  various  ele- 
ments stated,  disproportion  between  them,  if  any  exists,  becomes  more 
apparent  with  correspondingly  greater  certainty  in  arriving  at  correct 
values. 

•  Northern  Michigan  Power  Company,   Orders  and  Opinions,  Michigan  Railroad 
Commission,  Vol.  2,  No.  1,  p.  25. 
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"It  is  not  to  be  understood  from  the  foregoing  that  the  Commission 
holds  that  the  initial  cash  payment  for  lands  of  the  character  involved 
is  to  be  considered,  of  necessity,  the  all  controlling  factor  in  the  fixing 
of  their  value  for  purposes  of  capitalization.  Cases  can  be  readily 
imagined  where  the  cash  cost  of  the  physical  property  embraced  in  the 
lands  and  flowage  rights  was  the  least  important  of  the  factors 
enumerated.  Indeed,  the  tract  of  land  imder  consideration  partakes 
strongly  of  this  character.  It  is  located  in  a  comparatively  undeveloped 
portion  of  the  State,  although  in  close  proximity  to  the  copper  mining 
district  of  the  State  and  possessed  of  some  timber  value,  the  physical 
features  of  the  greater  portion  of  the  tract  are  such  as  to  make  it  un- 
suited  for  agricultural  purposes,  compared  with  like  areas  alike  suit- 
able for  water  power  development  in  other  and  more  populous  districts, 
the  market  value  of  the  land  is  markedly  less.  The  record  does  not  dis- 
close the  exact  cost  of  the  assembled  lands,  although  it  does  appear 
that  they  have  been  acquired  at  prices  ranging  from  ten  to  one  hundred 
and  seventy  dollars  per  acre,  and  that  more  than  thirty  thousand  dollars 
was  expended  for  lands  at  the  last  named  sum.  We  are  satisfied,  from 
the  record,  that  the  sum  of  fivvB  hundred  thousand  dollars  would  amply 
cover  the  cash  outlay  for  the  purchase  of  the  lands.  But  it  appears 
that  the  work  of  acquiring  the  titles  has  been  in  progress  since  1902, 
a  period  of  more  than  ten  years.  If  interest  upon  the  real  estate  invest- 
ment be  allowed  at  six  per  cent,  for  half  the  time,  which  would  seem 
to  be  just,  it  represents  the  sum  of  one  hundred  and  fifty  thousand 
dollars.  The  extended  area  of  the  lands  necessary  for  this  develop- 
ment have  required,  as  the  record  discloses,  the  making  of  several 
surveys,  the  prosecution  of  legal  proceedings,  and  extended  negotiations 
with  more  than  one  hundred  separate  owners  of  distinct  parcels,  who 
have  been  found  as  widely  scattered  as  the  boundaries  of  the  Union. 
Under  the  laws  of  this  State,  the  powers  of  eminent  domain  are  not 
accorded  corporations  which  seek  to  develop  hydraulic  utilities.  The 
last  description  of  land  necessary  for  the  purposes  of  the  enterprise 
must  be  acquired  by  purchases  before  the  project  is  assumed,  and 
while  the  element  of  risk  involved  in  the  ultimate  purchase  of  so  large 
a  body  of  lands,  held  under  such  diversity  of  ownership,  is  difficult  to 
estimate  in  dollars  and  cents,  it  is  still  a  risk  that  is  very  real,  and 
which  enters  materially  into  the  value  of  the  property  acquired." 

The  testimony  in  this  case  shows  that  the  lands  varied  in  cost  from 
$10  to  $170  per  acre,  averaging  about  $30.  This  was  more  than  two 
and  one-half  times  the  average  price  per  acre  of  lands  sold  in  ordinary 
tracts.  The  costs  of  acquisition,  allowing  a  moderate  per  diem  for 
the  actual  time  of  the  promoter  plus  the  expense,  were  equal  to  the  con- 
sideration paid  to  owners  of  land. 

The  examples  cited  are  not  exceptions.  They  are  typical  of  all  the 
cases  which  have  come  to  the  attention  of  the  Committee.  There  is 
no  general  relation  between  the  normal  cost  of  lands  acquired  for 
railroad  or  reservoir  purposes,  and  the  market  value  of  farm  lands,  or 
other  general  purpose  lands,  which  can  be  considered  fixed  and  definite. 
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Such  a  relation,  however,  may  be  established  for  limited  districts.  No 
rule  can  be  formulated  or  multiple  determined  on,  which  can  be  uni- 
versally applied,  or  even  generally  applied  in  any  one  State. 

There  have  been,  in  the  past,  instances  of  the  construction  of  rail- 
roads in  timber  tracts,  or  in  the  western  prairie  States,  in  advance  of 
settlement,  where  the  benefits  to  be  derived  from  the  line  equalled  or  in 
cases  far  outweighed  any  damages ;  and,  in  such  cases,  it  is  easy  to  con- 
ceive that  the  price  paid  for  the  land  would  not  greatly  exceed  the 
general  average  value  of  lands  in  the  district. 

Such  conditions  rarely  exist  in  an  old  settled  community.  For 
many  years  the  conditions  prevailing  in  all  such  communities  have 
made  the  normal  cost  of  railroad  and  reservoir  lands  higher  when  the 
attempt  is  made  to  compute  them  on  the  basis  of  a  price  per  acre. 

Costs  of  Acquisition. — To  What  Extent  Includnhle  in  Valuation  f — 
The  Interstate  Commerce  Commission  in  its  classification  of  Invest- 
ment in  Road  and  Equipment,  effective  July  1st,  1914,  includes  as 
Items  of  Expense  relating  to  land  the  following: 

Abstracts  Plats 

Appraisals  Premiums  on  condemnation  bonds 

Arbitrators  in  condemnation  cases  Recording  deeds 

Commissions  paid  to  others  Payments   for   relinquishments   of 

Condemnation  expenses  including       cattle  passes  and  other  rights 
Court  costs  and  special  counsel  Removal  and  relocation  of  build- 
fees  ings    and    other    structures    not 

Damages  to  property  of  others  purchased 

Deferred    payments    for    right    of  Rent   of   land   when   part   of   con- 
way  sideration  for  purchase 

Ditches  for  waterways  when  part  Right-of-way     agents'     compensa- 
of  consideration  tion  when  engaged  solely  in  ac- 

Judgments    and    decreed    costs    to       quiring  right  of  way 

clear  or  defend  titles  Taxes  accrued  and  assumed  at  the 

Notarial  fees  time  of  purchase. 

Every  one  of  these  items  i^^  a  necessary  expense,  not  all  incurred 
in  connection  with  every  parcel,  but  every  parcel  involving  some  of 
them,  and  all  are  chargeable  to  capital  account  as  a  legitimate  cost. 

The  amount  is  considerable,  in  some  cases  a  very  large  percentage 
of  the  purchase  price  of  the  parcel  of  land,  but  it  is  somewhat  difficult 
to  compute,  for  when  it  is  reduced  to  a  per  acre  basis  or  a  percentage 
of  cost  basis  it  is  extremely  variable.  The  cost  of  condemning,  or 
acquiring  by  purchase,  a  small  fragment  of  land  one-tenth  of  an  acre 
in  area  may  be  as  great  as  the  cost  of  similarly  acquiring  a  farm  of 
many  acres. 
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Examples  of  actual  cost  of  acquisition  of  lands  are  of  value  as 
showing  the  extreme  variations  in  percentage  and  per  acre  rates  of  such 
costs. 

Land  Purchases  of  the  Buffalo,  Kochester  and  Pittsburgh  Eailway. 

Cost  of  Acquisition: 
Consider-       Total       Percentage 
Year  ending:  No.  of  Total        'ation  for  costs  of  ac-   of  consid-  Per 

June  80th.  parcels.         acres.  land.        quisition.      eration.     Per  acre,    parcel. 

1910 35  165.789  ,f  20  086  S5  828  2.9  $85.30  S166 

1911 16  58.694  16  604      1521  9.1  26.00  95 

1912 29  60.732  83  506      1718  5.1  26.50  59 

1913 68  109.705  78  469      8  486  4.7  31.70  55 

1914 24  28.730  50  292      3  677  7.3  126.40  153 


Total   and 
average.      167        428.646  S198  958  $16  231      8.-38       $38.31      $97 

These  variations  in  costs  of  acquisition  in  percentages  from  less 
than  5  to  29,  in  cost  per  acre  from  $26  to  $126,  in  cost  per  parcel  from 
$55  to  $166,  are  such  as  to  show  the  necessity  of  careful  investigation 
of  varying  local  conditions  before  fixing  the  estimated  amounts. 

Land  purchases  of  the  Chicago  and  Northwestern,  on  one  of  its 
new  lines,  show  ratios  as  follows :  3  620.41  acres ;  land  consideration, 
$594169;  expense,  $72  685;  being  7.62%,  or  $20  per  acre. 

Statistics  presented  by  Mr.  Thomas  W.  Hulme,  in  the  argument 
recently  held  before  the  Interstate  Commerce  Commission,  show  pur- 
chases by  twenty  different  corporations  for  forty-five  different  pieces 
of  construction.  The  percentages  vary  from  a  minimum  of  0.86  to  a 
maximum  of  38.4. 

Total  consideration,  all  lines,  $8  389  730. 

Costs  of  acquisition,  $452  656,  average  5.4  per  cent. 

Water- works  properties  afford  an  illustration  of  a  class  of  proper- 
ties carrying  a  high  cost  of  acquisition.  This  is  shown  by  the  land 
costs  of  the  New  York  City  Catskill  water  supply.*  The  whole  matter 
may  be  briefly  summarized,  as  follows: 

Amount  of  awards  for  land,  including 

payments  for  land  purchased $10  669  946 

Awards   for   indirect   damages 135  007 

Estimated  awards  for  land  and  damages 
during  1915,  proportionate  part  of 
$500  000    323  000 

Total  payments  for  land  and  damages $11 127  953 

*  Information    furnished    and    arranged    by    Allen    Hazen,    M.    Am.    Soc.    C.    E., 
from  records  and  published  reports  and  with  the  aid  of  engineers  of  the  Department. 
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Brought    forward $11127  953 

Expenses  of  acquiring  land  not  includ- 
ing interest,  as  per  Auditor's 
report    $4188  795 

Do.  in  connection  with  damages  awards  159  794 

Do.  in  connection  with  estimated  awards 
during  1915,  proportionate  part  of 
$500  000    127  000 

Total    expenses $4  475  589 

Sum,  being  the  cost  of  land,  with  ex- 
penses of  acquiring  it,  but  not  in- 
cluding  interest    $15  603  542 

Interest  on  awards  allowed  by  Commis- 
sioners aaid  included  in  the  Audi- 
tor's report,  as  part  of  the  cost  of 
land    $1648  802 

Estimated  interest  on  awards  allowed 
for  1915,  proportionate  part  of 
$500  000    50  000 

Total    interest   on   awards $1  698  802 

Total   actual  payments  for  property  to 

January     1st,    1916,    including    an 

estimate   of  $500  000   for   payments 

in   1915 $17  302  344 

Cost  of  carrying,  after  acquiring,  up  to 

the  time  when  the  system  is  to  be 

put   in   service,   taken   as    January 

1st,  1916: 

Taxes  paid  $216  534 

Taxes  estimated  for  1915 25  000 

Interest  on   amounts   paid   to    January 

1st,  1916,  at  4.15% 3  746  652 

Total  carrying  charges $3  988  186 

Total  cost  of  land  and  damages,  with 
carrying  charges  up  to  date  of  first 
use  of  property,  January  1st,  1916 $21  300  530 

Calculating  the  percentages  corresponding  to  these  figures,  it 
appears  that  the  expenses  of  condemnation  amounted  to  40.1%  of 
the  awards  and  costs;  that  the  interest  on  the  awards  allowed  by  the 
Commissions  and  included  by  the  Aiiditor  as  part  of  the  cost  of  the 
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land  amounted  to  10.85%  of  the  awards  and  expenses;  that  the  taxes 
paid  by  the  city  amounted  to  1.5%  of  the  cost  of  the  preceding  items; 
and  that  the  interest  on  the  various  payments,  from  the  dates  of  the 
payments  until  the  property  is  put  into  use  on  January  1st,  1916, 
will  amount  to  21.3  per  cent. 

As  a  result  of  all  these  charges,  the  cost  of  the  land  to  the  city, 
with  carrying  charges  to  the  date  of  first  use,  is  91.3%  greater  than 
the  purchase  prices  and  awards.  In  other  words,  the  overhead  charges 
on  the  land  are  91.3  per  cent. 

The  expenses  of  acquiring  land  as  stated  by  the  Auditor,  in  the 
sum  of  $4  188  795,  are  given  below. 

This  particular  case  represents  the  acquisition  of  land  by  a  city 
under  a  law  which  proved  in  its  execution  to  be  unusually  burdensome. 
It  is  of  value  for  illustrative  purposes,  on  account  of  the  prominent 
character  of  the  work  and  the  detail  as  to  costs. 

The  total  costs  aggregated  39.26%  of  the  purchase  price,  and  were: 

Per  cent. 

Advertising    $433  946.46  4.16 

Commissioners'   fees    1 062  498.72  9.96 

Expenses  of  Commissioners 79  898.40  0.75 

Stenographers  and  clerks 62  606.70  0.59 

Special  counsel  fees 358  679.20  3.36 

Special  counsel  expenses 27  493.06  0.26 

Obtaining  orders 8  375.00  0.08 

Closing  title 1 370.00  0.01 

Counsel  fees  on  appeal 3  275.00  0.03 

Costs  on  appeal 4  499.97  0.04 

Searching  titles 211 138.64  1.98 

Preparing  abstracts 125  312.50  1.17 

Appraisers'  fees 482  512.53  4.52 

Appraisers'  expenses 5  792.72  0.06 

Eent  of  New  York  office 26  269.40  0.25 

Stenographers'     services     and     printing 

testimony    265  684.24  2.49 

Counsel  fees  of  parcel  owners 384  405.99  3.60 

Expenses    and    disbursement    of    parcel 

owners   261 275.36  2.45 

Engineering  salaries  and  expenses 373  760.65  3.50 


$4 188  794.54       39.26 

Another  detailed  statement  regarding  the  acquisition  of  land  by  a 
State  commission,  under  a  law  which  was  not  burdensome,  is  afforded 
by  the  experience  on  the  Metropolitan  Water-Works  of  Massachusetts. 
In  this  case  the  principal  acquisition  of  land  was  for  the  Wachusett 
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Reservoir,  the  construction  of  which  was  not  started  until  several 
years  after  other  portions  of  the  work  were  begun.  The  policy  was 
followed,  therefore,  of  acquiring  this  land  as  it  could  be  obtained  by 
negotiation,  without  resorting  to  condemnation  except  in  special  cases. 
Much  of  the  land  was  acquired  in  this  way,  considerably  in  advance 
of  the  needs  of  the  work,  at  a  much  lower  price  than  it  would  have 
been  obtained  by  condemnation,  but  with  an  increase  in  the  charges 
to  taxes  and  interest  during  construction.  From  the  accounts  of  all 
real  estate  purchased,  from  the  initiation  of  the  work  in  1895  to 
December  1st,  1909,  the  following  summary  is  obtained: 
Total  paid  directly  for  real  estate,  including  mill 
properties    and    water    rights    acquired    by 

negotiation    $3  390  723 

Awards    for    real    estate    condemned,    including 

interest  to  the  date  of  payment 170  446 

Total  direct  payments  for  real  estate $3  561 169 

Legal  and  expert  services,  including  con- 
veyancers, experts,  appraisers,  and 
court  expenses,  in  acquiring  above 
real  estate,  exclusive  of  counsel  fees .  $179  944 

Estimated  proportion  of  total  adminis- 
tration expenses  attributable  to  real 
estate 60  000 

Engineering  expenses  are  shown  by  the 
accounts  to  amount  to  $83  582  for 
the  Wachusett  Reservoir  alone. 
Assuming  that  other  real  estate 
acquisition  would  require  the  same 
percentage  of  engineering  expenses, 
the  total  would  be 104  700 

Estimated  expenses  for  counsel  in  real 
estate  cases,  charged  to  the  general 
expenses  of  the  State,  and,  there- 
fore, not  included  in  the  water-works 
accounts    20  000 

Estimated    expenses    for    financing    and  , 

financial  officers,  attributable  to  real 
estate  and  charged  to  the  general 
expenses  of  the  State  and,  therefore, 
not  included  in  the  water-works 
accounts    20  000 


Total  cost  of  acquisition $384  644 
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Brought    forivard $384  644 

Total  cost  of  real  estate,  exclusive  of  taxes  and 

interest  during  constructior^ 3  945  813 

Taxes  during  construction 68  182 

Interest  during  construction  on  Wachusett  Reser- 
voir, real  estate  alone,  on  the  basis  of  5% 
compounded  annually,  would  have  amounted 
to  $957  000,  or  31%  of  the  expenditures  for 
this  real  estate,  including  incidental  ex- 
penses, to  the  time  when  the  reservoir  was 
first  operated.  It  is  estimated  that  the  inter- 
est during  construction  on  other  real  estate 
would  have  increased  this  sum  to 1  000  000 


Total  cost  of  real  estate $5  013  995 

Calculating  the  percentages  corresponding  to  the  different  figures, 
it  appears  that  the  incidental  expenses  of  acquiring  the  real  estate 
amounted  to  10.8%  of  the  direct  payments  for  it;  that  the  taxes  paid 
during  the  construction  of  the  works  amounted  to  1.9%  of  the  direct 
payments;  and  that  the  interest  on  the  various  payments,  from  the 
dates  of  the  payments  until  the  property  was  put  in  use,  on  a  5% 
basis,  would  have  amounted  to  28.1%  of  the  direct  payments. 

As  a  result  of  all  these  charges,  the  cost  of  the  real  estate,  with  over- 
head and  carrying  charges  to  the  date  of  the  operation  of  the  property, 
is  40.8%  greater  than  the  direct  payments  for  it. 

The  incidental  expenses  of  10.8%  previously  given  may  be  sub- 
divided as  follows : 

Amount.       Percentage. 

Legal  and  expert  expenses,  including  counsel 

fees $199  944  5.62 

Administration    60  000  1.68 

Engineering  104  700  2.94 

Financial  expenses  20  000  0.56 

Totals $384  644       10.80 

The  records  of  the  Metropolitan  Water- Works  show  the  relation 
between  the  value  of  the  real  estate  of  the  Wachusett  Reservoir,  exclu- 
sive of  mill  property,  for  general  purposes,  and  the  sums  which  were 
paid  for  it. 

Before  deciding  on  the  project,  an  estimate  of  cost  of  the  required 
real  estate  was  made.  To  obtain  a  basis  for  this  estimate,  local  experts 
were  secured  in  each  town,  who  went  over  all  the  lands,  parcel  by 
parcel,  appraising  the  value  of  land  and  buildings  separately.  Their 
instructions  were  to  value  the  property  very  liberally,  and  the  results 
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obtained  were  much  above  its  value  as  determined  by  sales  which  had 
been  made  about  that  time.  Some  of  the  experts  owned  property  which 
would  be  taken  for  the  reservoir.  The  assessed  valuations  in  this 
district  are  supposed  to  be  well  up  toward  the  full  value  of  the  property, 
but  the  value  fixed  by  the  experts  was  one  and  three-quarter  times  the 
assessed  value  of  the  property.  As  a  result  of  the  appraisal  by  the 
experts,  the  aggregate  valuation  obtained  was,  as  follows: 

Land,  4  772  acres $244  000 

Buildings    453  000     $697  000 


The  cost  of  acquiring  the  same  property,  exclusive  of  overhead 
charges,  was  $1 182  000,  equal  to  $485  000,  or  69%  in  excess  of  the 
original  liberal  appraisal  of  the  value. 

It  is  to  be  noted  that  this  is  a  ease  where  the  appraised  general 
value  of  the  buildings  was  nearly  twice  that  of  the  land.  The  accounts 
do  not  show  a  separation  between  the  amounts  paid  for  buildings  and 
land,  but  if  these  amounts  could  be  obtained,  they  would  show  that 
the  sums  paid  on  account  of  the  land,  in  excess  of  the  appraised  value, 
would  be  a  large  part  of  the  $485  000  excess,  for  the  reason  that  it  is 
difficult  to  sustain  a  claim  for  the  value  of  a  building  much  in  excess 
of  its  value  for  general  purposes. 

The  69%  previously  stated  is,  therefore,  probably  much  more  than 
the  excess  cost  of  the  buildings,  and  much  less  than  the  excess  cost 
of  the  land,  over  their  values  for  general  purposes.  It  is  to  be  noted, 
also,  that  in  the  acquisition  of  this  property  most  of  the  land  was  taken 
in  whole  tracts  or  parcels,  so  that  there  were  no  severance  damages  in 
connection  with  such  portions  of  the  property. 

The  accounts  do  not  show  the  sums  paid  for  strips  of  land  taken 
for  aqueducts  or  pipe  lines  in  comparison  with  general  land  values, 
but  the  original  estimate  of  the  cost  of  these  strips  was  obtained  by 
multiplying  the  general  value  of  the  land  by  six,  and  adding  a  per- 
centage for  overhead  charges.  The  actual  cost  corresponded  very  nearly 
to  the  estimate. 

An  illustration  which  is  in  marked  contrast  to  the  New  York 
Catskill  water  supply  is  that  of  a  railroad  line  in  friendly  territory, 
and  is  as  follows: 

Land  Purchases. 

Details  of  Knife  River  Branch,  N.  Dak.,  Northern  Pacific  Railway. 

Mercer  County,  Dunn  County, 
N.  Uak.  N.  Dak. 

Valuation  of  naked  land  per  acre,  made 

by  real  estate  men  and  bankers,  not 

by  employees $22.07  $22.13 

Total    $15  709.42  $12  065.12 
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Mercer  County.  Dunn  County, 
N.  Dak.  N.  Dak. 

Total  number  of  deeds 86  63 

Total  acres  conveyed 784.97  615.55 

Average  acres  per  transfer 9.12  9.77 

Total  consideration   $24  460.  $17  106 

Average  consideration  per  acre $35.00  27.80 

Total  number  of  considerations 4  N'one 

Acres  condemned  70.83  .... 

Award  in  condemnation  cases $1  966.52  .... 

Average  per  acre,  award $27.70  .... 

Summary,  both  Counties: 

Total  naked  land  value $27  774.54  62.32% 

All  other  elements  of  value 16  791.89  37.68% 

Total  purchase  price $44  566.43  ,    100% 

Expense   of   acquisition $9  268.79 

Percentage    expense    of    acquisition    to 

purchase  price 20.77 

Expense  of  Acquisition: 

Average     Average 
per  deed,    per  acre. 

Services  and  expenses,  right  of  way 

agents    $6  790.75  $46.19  $4.85 

Services  and  expenses  of  attorneys.  705.69  4.80  0.50 
Costs  of  abstracts  and  opinions  of 

title    1 227.80  8.35  0.93 

Cost  of  recording  deeds 329.55  2.24  0.23 

Automobile  hire   205.00  1.40  0.15 


$9  258.79     $62.98      $6.66 

This  case  affords  an  illustration  of  the  extremely  favorable  cost  of 
acquisition.  The  line  was  desired  by  the  people.  There  was  but  little 
contest,  as  two  of  the  condemnation  cases  were  to  acquire  land  owned 
by  the  State  of  North  Dakota,  the  other  two  being  against  land  com- 
panies. Every  individual  owner  was  settled  with,  yet,  in  spite  of  these 
facts,  the  land  cost  was  $27  774.54,  while  "other  elements"  plus  cost 
of  acquiring  was  $26  050.68,  or  93.8%  of  the  bare  land  price. 

The  conclusion  to  be  drawn  from  a  study  of  all  the  figures  available 
to  the  Committee  is  that  costs  of  acquisition,  like  the  element  of 
damages  in  the  consideration,  are  variable,  that  each  valuation  must 
stand  by  itself,  and  that,  in  fixing  a  figure  for  land  reproduction,  the 
appraiser  must  take  into  account  all  special  local  conditions.  It  is 
perfectly  clear  that  no  general  average  percentage  which  is  universally 
applicable  is  to  be  derived  from  these  figures. 
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Conclusions. — Cost  of  Reproducing  Land  Holdings.— Separate 
parcels  of  land,  such  as  one  or  two  lots,  or  a  tract  of  not  unusual  size 
not  connected  with  other  lands  by  the  utility  in  a  strip  or  body,  and 
where  freedom  of  choice  in  selection  may  be  exercised,  should  be  valued 
on  the  same  basis  as  other  lands  in  the  vicinity  used  for  general  pur- 
poses, plus  a  reasonable  allowance  for  costs  of  acquisition  and  other 
proper  overhead  costs.  The  normal  market  value  of  parcels  of  like 
size,  character,  and  availability,  in  the  immediate  vicinity  should  be 
accepted  as  a  basis  for  reproduction  cost  determination. 

Where  large  tracts  have  been  acquired,  made  up  of  a  number  of 
separate  entire  parcels,  the  history  of  the  transaction  should  be  com- 
pletely investigated  and  allowance  made  in  the  estimate  for  costs  of 
acquisition  and  costs  of  vacation  of  streets  or  acquisition  of  other 
rights  incident  to  the  use  of  the  property  as  a  whole.  Such  further 
allowances  should  be  made,  as  may  seem  to  be  justified  by  experience, 
to  cover  excess  costs  over  and  beyond  the  normal  market  values 
which  existed  at  the  beginning  of  the  project  and  were  due  to  fluctua- 
tions of  price  or  other  causes  beyond  control.  Normal  market  values 
of  similar  and  near-by  property  as  of  the  time  of  appraisal  should  be 
the  basis,  with  such  additions  as  are  warranted  by  the  investigation 
in  each  case. 

In  the  consideration  of  values  of  lands,  such  as  rights  of  way  for 
a  railroad,  an  electric  railroad,  an  aqueduct,  or  other  like  property, 
or,  such  as  lands  for  a  water-works  or  an  hydro-electric  reservoir,  free- 
dom of  choice  is  restricted,  and  where  all  the  land  must  be  acquired, 
radically  different  methods  must  prevail. 

In  the  valuation  of  lands  of  this  class,  a  clear  distinction  should 
be  made  between: 

(a)   Lands  where  the  entire  tract  or  parcel  is  taken  and  there  is 

no  element  of  severance  damages. 
(6)  Lands  where  only  a  portion  of  the  tract  is  taken  and  where 

the  element  of  severance  damages  is  present, 

and  the  extent  of  lands  of  both  classes  should  be  shown. 

Historic  conditions,  where  ascertainable,  should  be  given  due  weight 
in  fixing  the  extent  and  character  of  the  severance.  The  estimate  of 
reproduction  should  include  a  proper  figure  for  such  as  was  actually 
incurred,  but  should  not  include  allowance  to  cover  speculative  or 
hypothetical  damages  on  account  of  changed  conditions.  All  elements 
of  value  to  the  seller,  including  recognition  of  all  damages  to  the  por- 
tions of  his  property  not  taken,  which  would  prevail  in  the  case  of  con- 
demnation of  the  lands  under  reproduction,  should  be  considered. 

A  determination  of  the  relation  existing  between  actual  recent 
acquisition  costs  and  the  normal  market  value  of  the  lands  out  of 
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which  the  strip  or  parcel  was  taken  at  the  time  of  acquisition  is 
undoubtedly  possible  in  many  cases.  It  would  seem  that  where  such 
relation  can  be  determined,  its  use  in  connection  with  the  normal 
market  values  of  these  or  similar  lands  at  the  time  of  appraisal  should 
establish  a  reasonable  cost  of  reproduction. 

There  must  be  kept  in  mind  the  fact  that  no  general  rule  can  be 
established  capable  of  universal  application.  Conditions  that  will  apply 
in  the  acquisition  of  railroad  lands  in  a  large  city,  or  in  a  fully  devel- 
oped rural  community  where  lands  are  subdivided  into  relatively  small 
tracts  and  with  many  improvements  upon  them,  may  not  be  at  all 
applicable  in  districts  where  lands  are  held  in  large  tracts  with  few 
improvements,  such  as  grazing  districts  or  a  heavily  timbered  district. 

The  determination  of  the  figure  to  be  used  must  be  based  on  full 
consideration  of  present  normal  values  of  general  purpose  lands,  recent 
purchases  by  the  same  or  other  companies  of  similar  lands  in  the 
vicinity  or  in  districts  of  like  characteristics,  the  extent  to  which 
damages  enter  into  the  cost  of  lands,  and  the  amount  and  character 
of  costs  of  acquisition  and  overhead  charges.  All  elements  of  costs — 
normal  market  values  of  individual  parcels,  including  improvements 
thereon,  severance  and  consequential  damages,  enhanced  prices  induced 
by  active  demand,  expenses  of  acquisition  and  overhead  costs,  and 
any  other  real  items  of  cost  which  would  be  included  in  case  of  pur- 
chase— should  be  included  in  reproduction,  but  no  allowance  for  special 
values  coming  after  the  acquisition  of  the  property,  on  account  of 
its  new  use  or  on  account  of  a  greater  earning  power  under  the  new 
use,  or  any  other  hypothetical  "value",  should  be  included. 

Estimates  should  be  based  on  prices  and  values  as  of  the  time  of 
appraisal,  be  they  higher  or  lower  than  those  prevailing  at  the  time 
of  original  acquisition.  The  thing  sought  in  reproduction  is  the  fair 
cost  of  acquiring  the  property  as  of  the  date  of  valuation. 

The  treatment  of  the  valuation  of  land  holdings  is  not  yet  thor- 
oughly crystallized,  therefore  the  valuing  engineer  will  do  well  to 
confer  with  counsel  upon  the  interpretation  of  past  Court  decisions 
and  the  legal  principles  which  are  most  fairly  applicable  to  the  case 
under  review. 

Overhead  Charges. 

General  Nature  of  Overhead  Charges. — There  are  certain  expenses, 
inseparable  from  the  construction  of  any  property,  which  are  a  neces- 
sary and  proper  part  of  its  cost,  but  which  are  not  capable  of  physical 
identification  after  the  completion  of  construction  work.  These 
expenses  cannot  be  covered  in  the  estimate  of  "Cost  of  Reproduction" 
by  the  application  of  specific  unit  prices;  from  their  nature  they  attach 
to  the  whole  or  large  parts  of  the  property  rather  than  to  any  particu- 
lar units.     These  are  called  "Overhead  Charges". 
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If  the  reproduction  estimate  is  to  be  complete,  and  is  to  include 
allowances  for  all  the  labor  that  was  performed,  all  services  that  were 
rendered,  and  all  expenses  that  were  incurred  in  the  construction  of 
the  property  under  investigation,  it  is  clear  that  a  proper  allowance, 
in  some  form,  must  be  made  for  these  expenditures. 

Recognition  of  Overhead  Charges  hi/  Courts  and  Commissions. — 
Overhead  charges  in  one  form  or  another  have  been  allowed  in  all 
past  valuations.  Commissions  have  recognized  their  propriety,  and 
Courts  have  endorsed  their  allowance. 

One  of  the  most  recent  cases  involving  the  allowance  was  the 
Des  Moines  Gas  Company  case.  A  part  of  the  decision  (238  U.  S., 
153)  is  quoted  as  supporting  the  argument  of  the  Committee  that  these 
allowances  should  be  made  in  amount  sufficient  to  cover  all  real  ele- 
ments of  overhead  costs,  and  no  more. 

"What  is  called  in  this  summary  'the  present  value  of  physical 
])roperty',  the  report  shows  was  arrived  at  by  the  Master  in  the  manner 
following : 

"He  first  found  what  he  thought  was  the  base  value  of  the  property. 
i.  e.,  Svhat  it  would  cost  to  produce  it  at  the  present  time  new,  without 
adding  thereto  any  overhead  charges'.  This  figure  he  fixed  at 
$1  975  026.  To  this  he  added  overhead  charges,  15  per  cent.,  $296  254. 
From  this  he  deducted  depreciation,  $333  878,  leaving  as  the  value 
of  the  property  thus  ascertained,  $1  937  402." 

Mr.  Justice  Day  further  said: 

"These  items  of  expense  in  development  are  often  called  overhead 
charges,  for  which,  as  we  have  already  seen,  the  Master  allowed  15 
per  cent,  upon  the  base  value  (exclusive  of  real  estate),  or  $296  254, 
in  addition  to  his  allowance  of  $6  923  for  organization  expenses.  Of 
these  charges  the  Master  said: 

"  'In  reaching  the  physical  value  of  the  plant  in  question  by  the 
process  of  reproduction,  it  is  necessary  to  bear  in  mind  that  the  present 
value  thereof  represents  much  more  than  the  machinery  therein,  the 
labor  of  installing  and  constructing  them,  and  putting  them  in  place 
to  perform  their  various  functions,  ready  for  the  manufacture  and 
distribution  of  gas  to  its  customers.  Were  the  City  of  Des  Moines 
without  such  a  plant,  and  such  a  one  as  the  Complainant  now  owns 
was  proposed,  it  would  be  found  that  much  more  than  the  mere  cost 
of  labor  and  material  would  be  expended.  Such  expenditures  are 
termed  overhead  charges,  and  are  as  follows': 

"  '1.  Time  and  money  expended  in  the  promotion  of  the  enterprise, 
in  the  organization  of  the  company  and  interesting  capital  therein, 
including,  also,  legal  expenses,  obtaining  the  necessary  franchise,  as 
well  as  the  costs  of  incorporating  the  company.' 

"  '2.  Then  a  competent  engineer  must  be  employed  to  prepare  the 
plans  and  specifications  for  the  plant,  and  make  the  necessary  surveys, 
and  when  the  work  began,  to  superintend  the  construction  thereof, 
and  see  that  it  is  done  properly  and  according  to  plans  and  specifica- 
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tions.  The  suceossful  operation  of  the  ph)nt  depends  largely  upon 
its  proper  construction.' 

''  *3.  Then  losses  arising-  from  accidents  and  injuries  to  workmen 
as  well  as  the  material  during  its  construction,  which  is  such  an 
amount  as  the  cost  of  insuring  against  such  losses,  which  is  between 
1  and  2  per  cent.' 

''  '4.  Contingencies  are  such  expenditures  as  arise  from  the  lack 
of  foresight  and  care  in  preparing  the  plans  and  specifications.  ISTo 
matter  how  carefully  the  engineer  may  prepare  them,  such  expenditures 
invariably  arise.  Mr.  Alvord  testified  that  his  allowance  therefor 
would  depend  very  much  upon  his  knowledge  of  the  engineer  who 
prepared  them,  but  that  no  matter  who  prepared  them,  they  would 
invariably  occur,  and  an  allowance  should  be  made  therefor.  The  care- 
ful and  thorough  inventory  in  this  case  reduces  very  greatly  the  allow- 
ance therefor.' 

"  '5.  The  cost  of  administration,  which  includes  the  time  and 
money  expended  by  the  parties  who  are  engaged  in  the  enterprise, 
purchasing  the  material,  procuring  the  money  for  their  payment  as 
needed,  and  generally  superintending  the  entire  enterprise  during  the 
construction  of  the  plant.' 

"  '6.  It  is  estimated  that  it  would  take  three  years  to  complete  the 
I)lant  in  question,  and  that  at  least  one-half  the  time  and  money 
invested  therein  would  give  no  return,  and  that  a  loss  of  interest 
would  result  therefrom  and  that  such  loss  would  be  included  in  the 
overhead  charges.' 

"  '7.  Taxes  during  the  construction.' 

"  'The  latter  is  regarded  by  me  as  very  questionable.  It  is  in  a 
certain  sense  making  taxes  an  asset  rather  than  a  liability,  and  the 
amount  is  so  vague  and  uncertain  that  it  has  been  given  very  little 
consideration  and  weight  in  fixing  the  overhead  charges.  Either  the 
money  or  the  property  should  pay  taxes.' 

"  'It  must  be  borne  in  mind  that  these  expenditures  are  all  made 
during  the  promotion  and  construction  of  the  plant,  and  are  neces- 
sarily a  part  of  the  cost  thereof.  ISTo  overhead  charges  that  do  not 
inhere  in  and  add  to  the  cost  thereof,  should  be  allowed  as  a  part  of 
its  physical  value.  It  is  not  a  question  of  what  was  actually  expended 
therefor  in  the  plant  in  question,  but  what  would  it  cost  to  reproduce 
a  similar  plant  at  the  present  time.' " 

In  the  actual  construction  of  any  property  the  expenses  properly 
includible  under  "Overhead  Charges"  are  actual  physical  costs  of  con- 
struction. They  are  in  no  sense  intangible  or  non-physical  values; 
they  are  not  to  be  confused  with  development  expense,  as  defined  by 
the  Committee,  or  going  value;  and  must  be  set  up  as  part  of  the 
physical  property  itself. 

The  late  Judge  R.  W.  Taylor,  acting  as  arbitrator  in  the  Cleveland 
Street  Railway  franchise  hearing,  said: 

"Overhead  charges  as  I  have  used  that  term  and  applied  it  to  this 
situation  means  only  those  things  for  which  money  has  been  spent 
in   the  necessary  -work  of  constructing   the   property   and   putting   it 
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into  operation  *  *  *.  What  I  want  to  emphasize  is  that  every 
dollar  of  overhead  charge  which  is  allowed  for  by  me  is  a  dollar  that 
is  necessarily  spent  in  the  production  of  the  physical  property." 

What  is  true  in  this  respect  of  an  actual  construction  is  also  true 
of  a  reproduction  estimate. 

Expenses  to  he  Provided  for: 

Among  the  expenditures  which  must  be  provided  for,  and  classed 
as  overhead  charges  are: 

(o)— Cost  of  promotion; 

(&) — Cost  of  financing  and  securing  the  necessary  capital  with 
which  to  carry  out  the  enterprise; 

(c) — Cost  of  organization,  including  the  incorporation  and  organi- 
zation of  the  company,  securing  of  franchises,  and  other  like 
expenditures ; 

(d) — Engineering,  including  the  making  of  the  preliminary  inves- 
tigations and  plans,  plans  for  the  construction  of  the  entire 
property,  the  engineering  supervision  of  all  construction  and 
other  work  involved  in  the  development  of  a  property,  except 
such  direct  supervision  as  may  properly  be  included  in  the 
unit  prices  of  various  property  Tinits,  or  as  specific  charge 
against  some  particular  schedule  or  group  of  units; 

(e) — Administration,  including  salaries  for  general  officers,  agents, 
accountants,  clerks,  and  other  assistants,  not  included  in  the 
engineering  and  legal  departments,  and  all  administration 
expenses ; 

(/) — Legal,  including  salaries  and  expenses  of  law  officials  and 
costs  of  litigation  which,  depending  on  the  character  of  the 
property  and  its  location,  may  be  a  comparatively  minor  item 
or  a  very  large  one; 

(g) — Interest  during  the  period  of  construction  on  money  bor- 
rowed, or  on  money  invested  in  the  property  by  its  owners ; 

(h) — Taxes  and  insurance  during  construction ; 

(i) — Contingencies  representing  expenditures  which  cannot  be 
foreseen  but  which  from  one  cause  or  another  are  always  of 
considerable  size  in  the  construction  or  reproduction  cost  esti- 
mate of  any  great  enterprise. 

These  expenditures,  and  in  some  cases  others  of  like  character,  are 
all  involved  in  greater  or  less  amounts  in  the  construction  of  every 
property.  They  are  represented  by  no  physical  property  item  which 
can  be  weighed  or  measured.    They  attach  to  the  property  as  a  whole. 

Reasonable  amounts  can  be  determined  for  each  property  by  a 
study   of   the   history   and   accounting   records   of   that  property   and 
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of  other  similar  properties  similarly  located  and  built  under  like 
conditions. 

It  is  a  fundamental  principle  of  valuation  recognized  by  the  Courts 
and  commissions,  and  accepted  by  this  Committee,  that  under  normal 
circumstances  the  cost  of  recently  created  property  furnishes  the  best 
basis  for  determining  the  reproduction  cost  of  such  property. 

The  Committee  recognizes  the  value  of  the  study  of  overhead  ex- 
penses, incurred  in  connection  with  the  construction  of  properties 
similar  to  the  one  under  consideration,  but  it  does  not  endorse  the  inclu- 
sion of  any  allowance  which  does  not  represent  a  legitimate  expendi- 
ture of  money  or  service  in  connection  with  the  creation  of  the  property 
under  valuation,  merely  because  such  expenditures  have  been  incurred 
for  other  properties.  It  does,  however,  endorse  the  inclusion  of  suffi- 
cient allowances  to  cover  all  legitimate  expenditures,  and  it  favors 
the  use  of  the  percentage  on  physical  costs  or  any  other  method  that 
will  give  fair  and  correct  allowances. 

See  also  the  discussion  tmder  the  caption  "Shall  Present  or  Original 
Physical  Conditions  Govern"  (pp.  1761  to  1768). 

Auxiliary  or  Collateral  Costs. — Some  engineers,  particularly  on  the 
Pacific  Slope,  where  large  public  works  are  more  often  executed  by 
day  labor  than  by  contract,  are  in  the  habit  of  keeping  their  cost 
record  data,  and  hence  of  estimating  the  cost  of  work,  by  including 
the  so-called  "Auxiliary"  or  "Collateral  Costs",  comprising  incidental 
road  or  railroad  construction  and  maintenance  during  the  execution 
of  the  work,  machinery  and  plant  required,  and  various  other  similar 
classes  of  expenditures  incident  to  the  building  of  the  works,  in  a 
percentage,  applied  to  the  basic  material  and  labor  costs  involved  in 
the  various  units  or  classes  of  work.  Thus,  for  instance,  though  the 
labor,  cement,  sand,  and  gravel  costs  would  be  included  by  these 
engineers  in  the  unit  cost  per  yard  for  concrete,  the  cost,,  rental,  or 
maintenance  of  the  machinery  used  in  the  mixing  of  the  concrete, 
the  cost  of  the  construction  and  scrapping  after  the  completion  of 
the  work  of  the  bins,  railroad  tracks,  towers  or  travelers  of  one  kind 
or  another,  used  in  the  mixing,  delivery,  and  placing  of  the  concrete, 
would  be  included  in  the  percentage  applied  to  the  above  stated  unit 
costs  to  cover  so-called  "Auxiliary"  or  "Collateral  Costs".  In  this 
report  it  is  assumed  that  the  auxiliary  and  collateral  costs  are  included 
in  the  basic  unit  prices. 

Character  of  the  Items  Classed  as  Overhead  Charges. — It  is  deemed 
proper  by  the  Committee  to  present  the  considerations  which  prevail 
in  the  allowance  of  various  items  of  overhead  charges,  some  examples 
of  actual  costs  and  allowances  under  each  head,  and  some  of  the 
more  authoritative  decisions  approving  such  allowances. 

(a) — The  Cost  of  Promotion. — The  period  prior  to  the  commence- 
ment of  actual  construction  of  physical  properties  is,  in  the  case  of 
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most  properties,  divided  into  two  parts:  the  period  of  promotion  and 
the  period  of  corporate  organization  after  the  promotion  has  been 
brought  to  a  successful  issue. 

It  is  clear  that  the  amount  of  money  actually  spent  in  promotion 
may  have  a  wide  range.  In  the  case  of  such  properties  as  hydro- 
electric power  developments,  years  of  time  and  large  sums  of  money 
may  be  required  to  secure  title  to  lands  and  flowages  and  to  bring 
the  project  to  such  form  as  to  justify  the  attempt  to  raise  funds  for 
actual  construction.  Other  properties  may  involve  but  little  expense 
or  but  little  outlay  or  money.  Still  other  properties  may  have  a  large 
or  small  outlay  on  the  initial  construction,  but  the  major  part  of 
the  property,  developing  after  operation  of  the  pioneer  lines,  and  built 
as  additions  to  an  existing  operating  property,  may  have  very  little 
actual  cost  of  promotion. 

The  argument  supporting  the  allowance  of  cost  of  promotion  is 
ably  stated  in  the  decision  of  the  Michigan  Railroad  Commission  in 
the  hearing  on  the  application  of  the  Northern  Michigan  Power  Com- 
pany for  authority  to  issue  securities.  The  decision,  written  by  Com- 
missioner Lawton  T.  Hemans,  discusses  ''Cost  of  Promotion",  in 
connection  with  the  cost  of  acquisition  of  lands  for  hydraulic  pur- 
poses, as  follows  (19  A.  T.  and  T.  Co.  Com.  L-253-254,  June  11th. 
1913)  : 

"Another  item  which  it  seems  to  the  Commission  is  properly  in- 
cluded in  the  value  of  lands  for  hydraulic  purposes,  under  the  Com- 
mission's general  designation  of  'reasonable  compensation  for  the  time, 
energy  and  ability  bestowed  in  their  acquisition',  is  the  item  quite  gen- 
erally denominated'  'promoter's  profit',  bvit  which  this  Commission  be- 
lieves would  be  more  truly  descriptive  if  denominated  'cost  of  promo- 
tion'. The  man  who  devotes  his  genius  to  enlisting  support  for  great 
enterprises  of  public  benefit,  which  his  clearer  foresight  and  keener 
vision  has  first  perceived  in  the  great  world  of  material  development,  has 
performed  services  quite  as  valuable  to  the  public  as  the  engineer  who 
later  makes  computations,  plans  and  specifications,  or  the  man  who 
in  any  other  position  contributes  to  the  creation  of  the  utility. 

"In  passing  upon  the  value  of  services  of  this  character,  the  New 
York  Public  Service  Commission  has  said  that  such  services  'should 
be  fairly  and  even  liberally  rewarded  by  the  public  which  receives  the 
benefit  of  these  works.  Such  rewards,  however,  should  be  put  upon 
a  clear  basis  of  business  principles,  should  be  of  sufficient  magnitude 
to  encourage  rather  than  discourage  enterprise,  and  should  not  be 
so  great  as  to  make  an  exorbitant  demand  which  is  perpetual  in  its 
nature  upon  the  community  to  be  served.  They  are  to  be  treated 
simply  as  just  payments  for  services  performed  for  the  corporation, 
which  services  are  valuable  and  in  many  cases  even  indispensable. 
Such  services  should  be  paid  for  upon  the  basis  of  what  they  are  fairly 
worth,  having  regard  to  all  the  circumstances  of  the  case'.  (In  re  appli- 
cfition,  Rochester,  Corning,  Elmira  Traction  Co.,  1  P.  S.  C,  2d  D., 
N.  Y.,  166.) 


P«peis.l  VALUATION   OF  PUBLIC   UTILITIES  1831 

"lu  tlio  above  case  the  award  was  made  upon  the  basis  of  five 
per  cent,  on  the  entire  cost  of  the  enterprise,  which  had  a  total  cost 
approximatint!:  seven  million  dollars.  Other  awards  have  been  made 
by  the  New  York  Connnission  of  varying  percentages  upon  the  esti- 
mated cost  of  the  particular  utility. 

"In  the  matter  under  consideration,  request  is  made  to  include  in 
cajiitalization  as  comjieusation  for  promotion,  two  and  one-half  per 
cent,  on  the  estimated  cost.  The  Commission  is  persuaded  that  in  cases 
of  this  character  the  item  of  cost  of  promotion  attaches  peculiarly 
to  the  lands  and  flowage  rights  of  the  development,  for,  if  it  is  to 
be  justified,  as  we  have  indicated  our  belief  it  should  be,  as  com- 
pensation for  a  i)eculiar  service  incident  to  every  comprehensive 
scheme  of  material  development,  then  it  should  in  principle  inure 
to  the  value  of  the  thing  in  relation  to  which  the  particular  service 
was  rendered.  It  should  be  compensation  to  the  pioneer,  rather  than 
to  those  who  claim  neither  originality  of  conception  or  to  have  assumed 
any  of  the  risks  of  development." 

That  this  element  of  cost  is  recognized  by  the  Interstate  Com- 
merce Commission  is  shown  by  the  provision,  in  the  account  designated 
as  "Organization  Expenses"  for 

"*  *  *  Cost  of  preparing  and  distributing  i:)rospcctuses ;  cost 
of  soliciting  subscriptions  for  stock;  cash  fees  paid  to  promoters,  and 
the  actual  cash  value  (at  the  time  of  the  organization)  of  securities 
paid  to  promoters  for  their  service  in  organizing  the  enterprise." 

Examples  of  actual  costs  of  promotion  are  difiicult  to  cite,  for 
the  reason  that  the  accounting  for  such  costs  has  been  as  a  rule  under 
the  head  of  general  expense,  or  of  organization,  and  have  been  merged 
wdth  other  costs  which  belong  properly  in  organization,  administration, 
or  legal  expenses. 

(&)■ — The  Cost  of  Financing. — When  the  project  of  the  promoter 
has  been  investigated  and  found  to  be  sound,  and  after  a  plan  for  the 
financing  of  the  company  has  been  adopted,  there  is  incurred  consider- 
able expense  in  connection  with  the  issue  and  sale  of  stocks  or  the 
issuing  and  marketing  of  bonds  and  the  payment  of  commissions  to 
brokers.  There  can  be  no  question  as  to  the  necessity  for  such  expen- 
ditures. They  are  unavoidable,  and  should  be  allowed  in  proper 
amount. 

Whether  discount  on  securities  is  an  allowable  item,  is  an  open 
question.  Discount  may  be  a  partial  capitalization  of  the  conmiercial 
risk  had  in  making  the  investment,  it  may  be  an  indication  of  lack  of 
credit  on  the  part  of  the  company,  or  it  may  indicate  that  the  interest 
rate  on  the  bonds  is  lower  than  the  conditions  of  the  market  would 
warrant,  and  the  discount  is  in  elfect  an  adjustment  of  the  interest  rate 
or  a  prepayment  of  interest.  If  the  company  secures  the  benefit  of  the 
low  interest  rate,  it  would  be  unfair  to  capitalize  the  discount.  Nor 
would  it  seem  any  more  fair  to  capitalize  excessive  risk  or  poor  credit. 
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That  regulating  authorities  and  Courts  are  not  in  perfect  accord,  is 
shown  by  the  conflicting  opinions  quoted. 

In  a  Montana  rate  case  (198  Fed.,  1003),  Judge  Hunt  says: 

"The  master  allowed  15  per  cent,  of  $562  715.89,  or  $84  407.38,  as 
a  necessary  and  usual  item  of  cost  of  reproduction.  There  was  no 
evidence  offered  on  behalf  of  the  Railroad  Commission  tending  to  dis- 
pute the  conditions  which  the  witnesses  for  the  complainant  said  existed 
generally  throughout  investing  communities,  namely,  that  a  railroad, 
such  as  the  one  under  investigation,  is  only  able  to  make  its  financial 
arrangements  by  regarding  as  a  part  of  the  construction  cost  to  which 
it  is  subjected  a  discount  representing  the  difference  between  the 
amount  derived  from  the  sale  of  its  bonds  and  the  amount  which  the 
bonds  must  eventually  cost  the  company.  Recognition  of  discounts  on 
securities,  based  upon  the  considerations  just  expressed,  has  been  made 
by  the  courts.  Of  course  there  never  could  be  any  allowance  whereby 
a  corporation  can  be  allowed  to  capitalize  its  own  lack  of  credit;  but 
where  the  bonds  are  sold  at  a  reasonable  discount,  and  bear  a  low  rate 
of  interest,  it  would  seem  to  be  the  equivalent  of  selling  the  bonds  at 
par  with  a  high  rate  of  interest.  Here  the  15  per  cent,  seems  to  be 
reasonable,  the  testimony  showing  that  upon  such  a  discount  the  bonds 
are  put  upon  an  equality  in  marketable  conditions  with  the  bonds  of 
some  of  the  very  largest  and  most  successful  railroads  in  the  country." 

Commissioner  Hemans,  in  the  Northern  Michigan  Power  Company 
case,  says: 

"The  application  filed  herein  makes  request  for  the  allowance  of  an 
item  of  2i  per  cent,  on  the  cash  cost  of  construction  and  physical  prop- 
erties to  cover  the  item  of  banking  and  brokerage.  Unquestionably 
every  comprehensive  development  of  the  character  being  considered 
finds  it  expedient  to  enlist  the  services  of  a  reputable  broker  who  must 
be  compensated  for  the  investigation  he  shall  make  into  the  basis  of 
the  securities,  which,  if  found  satisfactory  and  desirable,  he  shall 
recommend  to  his  clientage,  but  it  is  a  service  that  is  incidental  to  the 
sale  of  the  securities  or  the  borrowing  of  capital.  It  is  an  item  most 
intimately  connected  with  bank  discount  which  is  in  part  the  rate  which 
a  given  concern  must  pay  for  its  loans.  We  believe  that  under  pre- 
vailing practices,  in  view  of  the  discount  at  which  it  is  desired  that  the 
bonds  to  be  authorized  herein  may  be  sold  and  at  which  like  securities 
are  sold,  there  is  no  justification  for  the  inclusion  of  this  item  in 
capitalization,  but  that  it  should  be  included  with  the  bond  dis- 
count and  ultimately  extinguished  by  amortization  from  the  profits  of 
operation." 

In  the  Des  Moines  gas  case  (288  'U.  S.,  153),  already  quoted,  Mr. 
Justice  Day  quotes  the  Master,  as  follows: 

"Time  and  money  expended  in  the  promotion  of  the  enterprise  in 
the  organization  of  the  company  and  interesting  capital  therein,  includ- 
ing also  legal  expenses,  obtaining  the  necessary  franchise  as  well  as 
the  costs  of  incorporating  the  company." 
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The  Committee  is  of  the  opinion  that  the  cost  of  financing  should 
include  all  fair  costs  for  interesting  capital  and  issuing  and  market- 
ing securities.  Discount  on  securities  should  not  be  included  in  capital, 
but  should  be  amortized  over  the  period  of  the  life  of  the  securities. 
The  fair  cost  of  financing  will  depend  on  the  probable  rate  of  return, 
the  credit  of  the  promoters,  and  the  degree  of  hazard  attending  the 
project.  If  a  sufficiently  high  rate  of  return  is  assured  and  the  credit 
of  the  promoters  is  good,  the  cost  of  financing  should  be  low,  little  more 
than  an  ordinary  brokerage  rate.  Poor  credit  should  not  be  considered 
in  estimating  cost  of  reproduction,  but  probable  rate  of  return  and  the 
hazard  of  the  enterprise  should  be  considered,  and  the  fair  cost  of 
financing  estimated  as  affected  thereby. 

(c) — The  Cost  of  Organization. — Under  this  caption  is  included  a 
class  of  expenditures  common  to  all  properties,  distinct  from  "Cost  of 
Promotion"  in  that  they  usually  follow  the  promotion,  and  are  incurred 
after  the  project  is  assured.  There  may  be  many  cases  in  which  they 
merge  with  the  cost  of  promotion.  There  are  undoubtedly  some  cases 
where  "Cost  of  Promotion",  "Cost  of  Financing",  and  "Cost  of  Organi- 
zation" may  all  be  includible  under  the  head  of  organization.  The 
class  of  expenses  specifically  referred  to  includes  costs  connected  with 
incorporation  and  securing  a  charter,  cost  of  securing  franchise,  local 
grants,  consents  of  property  owners,  consents  of  the  Government,  as 
in  case  of  construction  over  or  under  navigable  waterways,  and  all 
other  expenses  connected  with  the  organization  of  the  company  which 
is  to  build  the  property,  and  the  securing  of  all  the  necessary  rights, 
grants,  and  privileges  necessary  to  permit  it  to  proceed  with  actual 
construction. 

In  Bonbright  vs.  Geary  (210  Fed.,  44),  already  quoted,  there  were 
included  "The  legal  expenses  of  organization." 

In  the  Des  Moines  gas  case  (236  TJ.  S.,  153)  there  were  included 
"legal  exi)enses  obtaining  the  necessary  franchise,  as  well  as  the  costs 
of  incorporating  the  company." 

In  the  Knoxville  case  (212  U.  S.,  1)  the  sum  of  $10  000  was  allowed 
for  "Organization,  Promotion,  etc."  The  Court  assumed  this  to  be 
a  proper  allowance  without  deciding. 

(d) — Engineering. — As  an  "Overhead  Charge"  there  should  be 
included  all  engineering  costs  not  capable  of  specific  assignment  to 
property  units  or  special  parts  of  the  property. 

The  general  engineering  charge,  in  the  case  of  most  properties,  is 
a  very  considerable  item,  in  some  cases  amounting  to  a  large  per- 
centage. The  percentage  differs  with  the  character  of  the  works  and 
with  the  care  and  skill  exercised  in  their  construction. 

In  the  case  of  a  railroad  property,  general  engineering  includible 
as  an  "Overhead  Charge"  would  cover  all  the  reconnaissance  or  gen- 
eral investigation  of  the  territory  through  which  the  line  was  to  run. 
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the  preliminary  surveys,  the  final  location,  the  general  supervision  of 
the  chief  engineer  and  assistants  whose  time  is  devoted  to  general, 
not  specific,  work,  all  services  of  consulting  engineers  not  capable  of 
definite  assignment  to  specific  units  of  property,  and  much  of  the 
expense  of  the  office  staff  of  the  chief  engineer's  office. 

In  the  case  of  most  old  properties,  it  is  difficult  to  draw  exact  lines 
between  these  general  engineering  expenses  and  the  engineering  and 
inspection  during  construction,  and  in  many  instances  it  may  be 
desirable  to  include  all  engineering  as  an  overhead  charge. 

In  connection  with  a  water-works  property,  large  expenditures 
must  be  made  for  investigations  of  drainage  areas,  general  surveys, 
plans  and  specifications,  and  general  supervision  of  all  construction. 

In  the  illustrations  cited  of  actual  engineering  costs,  no  attempt 
has  been  made  to  segregate  general  engineering  charges  and  direct 
supervision,  all  preliminary,  general  and  direct  charges  being  lumped. 
In  case  the  segregation  can  be  made,  it  will  be  found  in  every  case 
that  the  overhead  charge  for  general  engineering  is  a  very  considerable 
item,  which  cannot  be  overlooked  or  dismissed  because  of  charges  to 
direct  supervision. 

Examples  of  actual  costs  of  engineering  indicate  that  there  is  a 
rather  wide  range  in  the  percentage,  even  on  the  same  kinds  of  prop- 
erty, due  to  the  presence  or  absence  of  a  large  number  of  property 
units  which  carry  high  costs  of  direct  supervision.  This  goes  far 
toward  supporting  the  argument  of  the  Committee  that  these  figures 
should  be  analyzed. 

The  construction  of  an  important  dam  or  aqueduct,  built  in  place 
and  requiring  skill  in  designing,  and  a  careful  inspection  of  every  part 
of  the  work  as  it  is  built,  requires  a  larger  expenditure  for  engineering 
than  a  large  cast-iron  pipe  line,  where  the  cost  of  laying  the  pipes  in 
a  trench  is  but  a  small  percentage  of  the  total  cost  of  the  line,  and  the 
work  progresses  so  rapidly  that  the  inspection  cost  is  small  in  pro- 
portion to  the  total  cost.  The  charge  to  direct  supervision  would  be 
much  greater  in  one  case  than  in  the  other,  and  if  such  charge  be 
made,  general  engineering  overhead  charge  will  be  more  nearly  com- 
parable with  other  like  properties. 

The  cost  of  engineering  varies,  not  only  with  the  class  of  work, 
but  with  the  character  of  the  design  and  method  of  its  execution — 
whether  by  day  labor  or  contract,  and  in  the  latter  case  the  nature  of 
the  contract.  Works  may  be  built  with  little  inspection,  from  crude 
designs  prepared  by  unskillful  engineers,  with  the  result  that  the  cost 
of  works  may  be  large,  although  the  percentage  paid  for  engineering 
may  be  small.  Works  skillfully  designed  and  efficiently  constructed 
imply  a  larger  cost  for  engineering,  which  should  be  recognized  in  any 
valuation  when  the  works  give  evidence  of  such  skill  and  efficiency. 


Papors.l  VALUATION   OF  PUBLIC  UTILITIES  1835 

(e) — Aihninistration. — Under  this  head  should  be  included  all 
allowances  to  cover  the  salaries  and  expenses  of  executive  officers 
during  the  period  of  construction.  Also  all  clerks  and  other  employees, 
office  rent,  and  expenses  in  connection  with  the  supervising,  accounting, 
and  other  offices,  except  law  or  engineering. 

This  allowance  should  cover,  when  necessary,  all  general  police 
and  sanitary  department  employees. 

These  expenses,  like  those  for  engineering,  vary,  depending  on 
the  character  and  location  of  the  work,  legal  requirements,  and 
methods  of  construction  followed. 

As  accounting  records  have  been  kept  in  the  past,  they  are  difficult 
of  exact  analysis  by  examination  of  old  records  of  construction,  as 
they  have  often  been  merged  with  other  accounts.  There  has  been  such 
a  universal  recognition  of  the  propriety  of  the  inclusion  of  an  allowance 
in  proper  amount  that  no  argument  is  considered  necessary. 

(/) — Legal  Expense. — The  law  expense  incident  to  construction 
will  vary  greatly,  depending  on  the  character  of  the  work,  the  popu- 
lation in  the  territory  in  which  the  work  is  being  done,  and  the  laws 
which  control  the  operations  of  corporations  as  to  securing  rights  or 
as  to  construction. 

One  property  may  be  situated  so  that  few  if  any  obstructions  are 
placed  in  the  way  of  its  construction,  and  another  similar  property, 
in  another  State,  may  have  not  only  to  pay  large  sums  for  legal 
services  necessary  to  carry  out  the  requirements  of  statutes  and  ordi- 
nances, but  may  have  to  resort  to  extended  litigation  before  the  work 
is  completed.  This  fact  makes  necessary  a  consideration  of  the  his- 
tory of  the  property  in  connection  with  the  allowance  for  "Legal 
Expense".  This  allowance  has  been  made  in  nearly  all  past  valuations. 
It  is  a  proper  allowance,  and  should  be  made  in  such  amount  as  will 
adequately  cover  the  expense  in  each  case. 

(g) — Interest  During  Construction. — Before  the  construction  of 
works  of  magnitude  can  be  undertaken,  financial  arrangements  must 
be  made  for  the  advance  of  the  necessary  funds.  If  the  period  of 
construction  involved  be  comparatively  short,  such  as  one  or  two 
years,  it  has  generally  been  found  advantageous,  if  not  necessary,  to 
borrow  the  entire  sum  needed  in  advance  of  construction.  If,  on 
the  other  hand,  the  period  of  construction  is  a  long  one,  such  as  from 
5  to  10  years,  as  is  true  in  the  ease  of  most  large  properties,  or  large 
parts  of  properties  which  have  been  built  during  one  construction 
period,  instead  of  developing  from  small  beginnings,  it  is  generally 
found  advantageous  to  make  arrangements  for  the  advance  of  stated 
sums  at  different  times  during  the  construction  period.  Generally, 
bankers  and  underwriting  syndicates  prefer,  however,  to  make  arrange- 
ments on  the  basis  of  purchase  of  the  entire  bond  issue,  though  the 
bonds  be   delivered   at   stated   intervals   in   blocks,    and   allowance   be 


1836  VALUATION  OF  PUBLIC  UTILITIES  [Papers. 

made  for  repayment  of  a  nominal  rate  of  interest,  such  as  2%  on 
unexpended  bank  balances. 

Necessary  financial  arrangements  involve  the  payment  during  the 
construction  period  of  interest  on  the  funds  borrowed,  or  advanced 
by  the  owner  of  the  property.  It  is  logical  to  include  these  interest 
payments  in  the  construction  cost  of  the  property  up  to  the  time  when 
the  workable  units  of  the  plant  are  put  into  actual  revenue-producing 
operation;  then  the  interest  payments  involved  by  the  investment  in 
the  unit  of  operating  property  should  be  accounted  in  development- 
expense  during  the  period  involved  in  the  acquisition  or  establish- 
ment of  the  business  to  the  point  where  the  earnings  are  sufficient 
to  meet  the  fixed  charges,  as  well  as  the  operating  expenses  and  depre- 
ciation allowance;  thereafter,  the  interest  payments  should  be 
accounted  as  fixed  charges,  to  be  met  from  the  net  revenue  or  divisible 
earnings  of  the  property. 

The  determination  of  the  exact  time  when  the  different  workable 
units  of  the  property  may  fairly  be  assumed  to  have  crossed  the  dividing 
line  between  the  "construction-period"  and  the  "physical  development- 
period"  is  difficult;  but  this  is  not  a  matter  of  controlling  importance 
if  proper  allowance  be  made  for  the  development  expense  element  of 
the  value  in  the  property. 

All  the  arguments  for  the  inclusion  of  a  proper  allowance  for 
••Interest"  are  stated  so  fully  by  the  Wisconsin  Railroad  Commission 
in  the  Madison  Gas  and  Electric  Company  case  (4  Wis.  E.  C.  R., 
501-541,  decided  March  8th,  1910),  that  no  further  discussion  appears 
to  be  necessary: 

"While  all  these  points  are  interesting,  and  contribute  to  an  intel- 
ligent discussion  and  determination  of  the  question  at  issue,  it  would 
seem  that  the  interest  during  construction,  correctly  allowable  in 
a  valuation  under  ordinary  conditions,  would  be  interest  at  the  current 
rate  on  the  cost  of  each  part  of  the  plant  during  its  construction.  The 
element  of  cost  by  reason  of  interest  during  construction  is  one  which 
cannot  be  escaped.  It  is  present  to  some  extent  no  matter  what  the 
method  of  financing  the  construction  may  be.  From  the  time  the 
investment  for  construction  is  made  until  the  completion  of  the 
entire  plant  enables  the  investment  to  become  active  as  an  integral 
part  of  a  working  whole,  there  is  the  element  of  interest,  for  that  in- 
vestment is  necessarily  involved  and  is  necessarily  idle  until  the 
completion  of  the  plant  to  a  working  point.  The  fact  of  interest, 
like  the  fact  of  depreciation,  is  present,  no  matter  what  method  is 
employed  for  financing  it.  This  is  as  true  when  the  money  is  fur- 
nished by  the  owners  as  when  it  is  borrowed  by  them.  The  theory 
upon  which  such  interest  rests  is  sound,  and  remains  so  even  in  isolated 
cases  where  the  investors  decide  to  charge  no  interest,  and  choose  to 
donate  the  same  to  the  consumers  in  the  way  of  lower  charges  for  the 
services  rendered.  Even  if  the  company  let  a  contract  for  the  com- 
plete construction  of  a  plant,  to  be  paid  for  in  no  part  until  wholly 
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completed  to  the  operating  point,  interest  cost  would  come  in  as  a 
part  of  the  contract  price,  even  though  not  expressly  set  forth.  In 
that  case  the  contractor  would  have  to  ask  a  higher  price  to  cover 
the  interest  cost.  Some  additional  compensation  is  needed  for  the 
investment  made  by  him  during  the  progress  of  the  work  and  which 
is  necessarily  idle  until  the  completion  of  the  plant.  Should  the 
company  itself  construct  the  plant  and  be  able  to  arrange  to  do  the 
entire  work  on  credit — gathering  the  material,  machines  and  equip- 
ment, labor  and  everything  additional  needed  on  credit,  to  be  paid 
for  at  the  completion  of  the  plant,  at  the  point  of  operation— the 
interest  cost  would  nevertheless  enter  in  some  form  in  the  entire  cost 
of  construction." 

It  has  been  the  practice  on  many  valuati.ons  to  assume  a  period  of 
construction,  and  to  assume  that  the  interest  during  the  period  of 
construction  would  equal  the  interest  for  the  entire  period  on  one-half 
the  total  cost.  In  making  the  assumption  as  to  a  proper  period  of  time 
in  which  any  property  could  be  constructed  in  connection  with  the  re- 
production estimate,  due  consideration  should  be  given  to  the  actual 
history  of  the  development  of  the  property,  and  to  the  sequence  in  which 
the  various  parts  of  the  property  were  built  or  would  be  built  under 
present-day  methods,  and  making  use  of  existing  facilities.  Allowances 
for  interest  and  other  overhead  charges  should  be  based  on  actual 
experience  in  the  construction  of  the  property  under  investigation, 
or  similar  new  properties,  as  far  as  possible,  and  not  on  any  such 
general  assumption  as  stated,  as  such  assumption  is  likely  to  give 
results  which  would  be  too  small  in  many  instances  and  excessive 
in  others,  and  the  attempt  should  be  to  determine  a  figure  which  will 
be  just  and  equitable  in  each  case. 

Some  of  the  earlier  railroad  appraisals  assumed  that  the  property 
would  be  produced  in  short  sections,  each  taking  one  year  for  con- 
struction, and  that  an  allowance  of  3%  on  the  entire  cost,  or  an 
average  of  one-half  year's  interest,  would  be  ample. 

While  it  is  undoubtedly  true  that  some  properties  have  been  built 
and  opened  to  traffic  in  short  sections,  and  have  thus  carried  a  small 
interest  charge,  and  some  of  these  properties  would  be  so  built  if  they 
were  to  be  reproduced,  such  an  assumption  is  not  applicable  to  all 
properties. 

From  the  viewpoint  of  reproduction  under  present  conditions,  in- 
terest during  construction  should  be  based  on  carefully  prepared  con- 
struction and  financial  programmes  which  will  provide  for  a  proper 
period  for  reproduction,  giving  due  regard  to  the  history  of  the  enter- 
prise and  to  the  periods  of  times  required  for  the  construction  of  dif- 
ferent portions  of  the  property,  as  well  as  a  reasonable  sequence  in 
the  order  of  reproduction,  and  will  provide  fully  for  all  economies. 
The  financial  programme  should  be  so  adequate  as  to  provide  ample 
funds  and  materials,  as  needed  during  construction,  and  to  eliminate 
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delays.  The  rate  of  interest  should  be  based,  not  on  the  financial  credit 
of  the  property  at  the  time  of  appraisal,  but  on  the  assumption  that  the 
property  is  a  new  property,  and  will  be  developed  during  the  repro- 
duction period  assumed,  and  giving  due  weight  to  the  hazards  at- 
tached to  each  property. 

From  a  strictly  historic  point  of  view,  the  time  for  which  interest 
during  construction  should  be  allowed  should  be  determined  on  the 
basis  of  historic  conditions,  in  the  same  way  as  other  items  entering 
into  th§  estimate  of  cost,  except  that  normal  present  conditions  should 
be  used  in  fixing  the  rate  or  rates  of  interest  to  be  used.  Due  regard 
should  be  given  the  history  of  the  property  as  to  its  effect  upon  the 
credit  of  the  company,  having  in  mind  that  in  some  existing  utilities 
large  parts  have  been  built  piecemeal  after  the  original  property  had 
been  fully  established,  without  the  degree  of  risk  and  hazard  attending 
the  building  of  the  original  property,  and  that  in  some  other  utilities 
the  risks  attending  the  development  of  the  additions  were  fully  as 
great  as  those  attending  the  construction  of  the  original  property.  The 
financial  programme  should  be  so  adequate  as  to  provide  such  ample 
funds  and  materials  as  would  be  needed  during  the  construction  periods 
of  the  different  parts  of  the  property  to  eliminate  delays. 

It  is  not  intended  by  the  above  statement  to  suggest  that  it  is 
necessary  to  obtain  the  history  of  each  item  added  to  the  original 
property  or  used  to  replace  an  item  which  has  reached  the  end  of  its 
life,  because  this  would  be  impracticable  and  unnecessary;  but  that 
the  historical  basis  should  be  used  as  a  guiding  factor  in  determin- 
ing the  period  for  which  the  interest  during  construction  of  such  items 
or  classes  of  items  should  be  computed.  In  other  words,  the  interest 
during  construction  allowance  for  items  added  to  a  property  from 
time  to  time  after  the  original  construction  should  extend  only  over 
the  period  of  time  required  to  build  each  particular  item  and  put  it  in 
operation,  with  a  reasonable  addition  to  provide  for  procuring  the 
money  in  advance  of  the  beginning  of  construction. 

Interest  should  then  be  computed  on  the  various  parts  of  the  prop- 
erty, taking  into  account  the  time  required  to  construct  each  and  the 
total  time  that  must  elapse  from  the  completion  of  that  part  until  the 
operating  units  of  property  reach  the  point  of  revenue-producing 
operation. 

(/(.) — Taxes. — The  money  paid  out  for  taxes  on  lands,  buildings, 
materials,  and  equipment  during  the  period  of  construction  of  a  utility 
property  would  seem  to  be  so  obviously  a  proper  charge  to  capital 
invested  in  plant  as  to  require  no  supporting  argument,  yet  it  has  not 
received  the  unqualified  endorsement  of  the  Courts.  An  illustration 
may  be  cited  in  the  case  of  an  electric  light  and  power  company  in  a 
large  mid-western  city.  The  rapid  growth  of  the  city  and  increase  of 
the  business  necessitated  very  large  increase  in  the  plant  facilities,  and 
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it  was  determined  to  build  a  new  power  station  in  a  new  location.  A 
tract  of  22  acres  was  acquired  in  1911,  and  work  was  at  once  com- 
menced on  preparation  of  plans.  Actual  construction  was  begun  in 
the  spring  of  1912,  and  the  plant  was  put  in  operation  during  the 
summer  of  1915.  During  this  period  3  full  years  taxes  on  the  land 
were  paid,  and  the  increase  each  year  in  the  assessments,  on  account 
of  the  improvements,  resulted  in  a  payment  during  the  period  of  more 
than  four  times  the  tax  that  would  have  been  paid  on  the  basis  of  the 
assessed  valuation  at  the  time  of  purchase.  This  expense  is  unavoid- 
able; it  is,  like  interest,  a  charge  that  must  be  provided  for,  and  met 
out  of  funds  raised  for  construction.  The  percentage  of  the  total 
construction  cost  may  vary  on  different  kinds  of  property,  and  care 
must  be  taken  to  make  sufficiently  full  investigations  to  insure  the 
accuracy  of  the  estimate.  The  Committee  believes  that  an  allowance 
for  taxes,  in  proper  amount,  is  a  fair  charge  to  construction,  and  should 
always  be  included  in  the  reproduction  estimate. 

(i) — Contingencies. — Contingencies  in  construction  are  those  added 
costs  or  added  items  of  construction  which  are  made  necessary  by 
unforeseen  difficulties,  or  events  beyond  the  control  of  the  builders,  or 
are  due  to  conditions  which  were  not  fully  determined  at  the  inception 
of  the  work.  Similarly,  the  contingencies  in  an  estimate  of  reproduc- 
tion are  those  due  to  conditions  which  could  not  be  fully  determined 
at  the  time  of  making  such  estimate  of  cost  and  such  conditions 
always  prevail,  in  greater  or  less  degree,  depending  upon  the  character 
of  the  property  and  local  conditions,  the  age  of  the  property,  the 
available  records,  and  many  other  factors. 

Contingencies  vary  in  amount  with  different  kinds  of  property  and 
with  different  property  units.  On  classes  of  work  in  which  the  con- 
tingency item  is  likely  to  be  large,  the  proper  percentage  to  allow  for 
contingencies  will  depend  largely  on  the  extent  and  accuracy  of  the 
investigation. 

Perhaps  no  one  item  of  overhead  charges  on  past  appraisals  has 
drawn  more  criticism,  and  in  some  instances  ridicule,  than  the  allow- 
ance for  contingencies.  The  Committee,  at  the  outset  of  its  discussion 
of  the  subject,  desires  to  state  that  no  allowance  for  contingencies  is 
advocated  that  is  not  a  reasonable  one. 

It  must  be  emphasized  that  the  allowance  for  contingencies  is  an 
allowance  for  the  unseen  and  indeterminate  cost  in  reproduction  which 
could  not  be  seen,  investigated,  and  determined  in  advance  of  original 
construction,  or  at  the  date  of  valuation.  Many  people  appear  to  be 
imable  to  realize  the  fact  that  it  is  not  possible  to  see  all  the  things 
that  were  done  and  know  all  the  conditions  that  accompanied  the  doing 
of  them  when  investigating  an  existing  great  public  utility. 

It  is  fully  as  difficult  to  estimate  correctly  the  cost  of  reproducing 
an  existing  property  as  it   is  to  estimate  the  cost  of  producing  one 
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which  does  not  exist,  and  it  may  be  more  difficult.  To  illustrate, 
assume  one  of  the  large  hydro-electric  developments  or  water- 
works reservoirs.  The  property  is,  let  us  say,  12  or  15  years  old. 
The  valuation  engineer  finds  a  massive  masonry  dam,  some  build- 
ings and  equipment  capable  of  definite  measurements,  and  a  large 
lake  or  water  covering  several  hundred  acres.  All  roads,  railroads,  and 
other  property  surrounding  the  reservoir  are  in  good  condition, 
and  their  appearance  would  not  indicate  whether  they  were  12  or  40 
years  old.  The  plans,  field  notebooks,  and  construction  records  may 
be  complete,  but  are  more  likely  not  to  have  been  fully  preserved,  as  in 
many  properties  the  value  of  old  notes  and  construction  records  has 
not  been  recognized.  The  problem  is  to  estimate  the  cost  of  repro- 
ducing the  property.  There  will  be  many  costs  which  can  be  covered 
only  by  a  contingency  allowance. 

The  construction  engineer,  about  to  enter  upon  the  construction  of 
such  a  property,  finds  in  the  valley  to  be  occupied  all  the  various  prop- 
erties and  constructions  that  are  to  be  removed,  he  has  available  the 
results  of  explorations,  surveys,  soundings,  borings,  and  other  investi- 
gations which  will  determine  what  will  be  encountered.  He  has  equal 
knowledge  with  the  valuation  engineer  as  to  costs  of  material,  labor, 
transportation,  tools  and  equipment,  and  other  things  needed,  and  his 
facilities  for  accurate  estimating  are  just  as  good.  Yet,  in  producing 
the  property,  he  encounters  costs  not  foreseen,  due  to  weather,  floods, 
labor  troubles,  transportation  difficulties,  delays,  and  many  other  causes. 
The  contingencies  cannot  be  listed  in  advance — otherwise  they  would 
not  be  contingencies. 

Those  who  ridicule  or  omit  contingent  allowances,  or  argue  that  they 
apply  to  individual  items  rather  than  to  the  plant  costs  as  a  whole, 
ignore  general  construction  experience.  The  allowance  for  contin- 
gencies is  not  an  allowance  to  cover  error,  as  has  often  been  assumed. 
To  some  extent  contingencies  in  both  construction  and  reproduction 
are  due  to  failure  to  schedule  completely  all  work  to  be  done,  but,  to 
a  far  greater  extent,  contingencies  are  due  to  those  unseen,  unavoidable, 
and  uncontrollable  causes  that  neither  engineer,  nor  owner,  nor  con- 
tractor can  foresee. 

Errors  of  judgment  may  occasionally  add  to  the  cost  of  construc- 
tion, and  the  Committee  is  of  the  opinion  that  a  provision  for  this  is 
justifiable. 

The  Committee  endorses  no  allowance  for  contingencies  which  will 
add  arbitrarily  a  percentage  to  a  thing  that  is  known  and  definite;  but 
it  does  contend  for  an  allowance  in  all  cases  except  those  in  which  it  is 
certainly  known  that  contingencies  would  not  be  incurred. 

Character  of  Contingency  Expenses. — Omissions  from  Schedule. — In 
both  construction  and  reproduction  estimates  on  large  properties,  where 
many  thousands  of  items  of  property  are  scattered  over  a  wide  area. 
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or,  as  in  the  case  of  railroads,  over  hundreds  of  miles  of  territory,  there 
are  certain  to  be  omissions,  not  only  of  minor  items,  but  of  large  items 
of  property.  This  applies,  not  only  to  property  which  is  capable  of  easy 
identification,  but  to  a  greater  extent  to  that  which  was  built  in  con- 
nection with  the  construction,  and  was  essential  to  it,  but  which  is  not 
in  constant  use,  and  of  which  ownership  consequently  is  finally  lost 
sight  of. 

Hidden  Construction. — Unless  the  most  complete  records  are  avail- 
able, much  of  the  expense  which  adds  to  the  cost  of  foundations  of  all 
kinds  is  apt  to  be  overlooked.  Pumping  or  coffer-dams  in  some  localities, 
and  quicksand  or  other  treacherous  material  often  increasing  the  size 
or  depth  of  foundations,  makes  the  cost  not  only  greater  per  unit  but 
adds  largely  to  actual  quantities  in  excess  of  the  plans.  Costs  incident 
to  settlement  of  the  surface  on  marshes,  causing  a  large  increase  in 
the  fill  required,  are  sometimes  included  in  contingencies,  but  should 
be  allowed  for  preferably  in  the  schedule  of  quantities. 

Losses  Due  to  Flood,  Storm,  or  Bad  Weather. — Frequent  and 
unavoidable  expenses  are  those  due  to  storms,  floods,  slides,  and 
wash-outs.  There  is  also  the  added  expense  due  to  freezing  or  wet 
weather.  The  examples  of  this  class  are  very  numerous;  hardly  any 
large  property  has  been  built  which  has  not  had  to  contend  with  such 
difficulties. 

Strikes,  Lahor  Troubles,  Delays  in  Delivery  of  Materials. — Labor 
troubles  are  a  frequent  and  expensive  occurrence,  and,  at  times,  not 
only  delay  completion,  but  add  materially  to  the  cost.  The  non- 
delivery of  material,  often  necessitating  the  purchase  of  small  quan- 
tities at  high  prices,  or  causing  expensive  delays,  is  another  class  of 
contingency  expense  which  is  continually  met.  Delays  are  often  caused 
by  injunction,  or  other  legal  processes  or  failure  to  raise  the  necessary 
funds  as  needed,  causing,  not  only  extra  expense  on  the  work,  but 
loss  of  interest.  The  failure  of  contractors  or  the  abandonment  of 
work  by  them,  is  often  a  serious  cause  of  contingent  expense. 

Moreover,  it  often  happens  on  large  works  that  the  losses  due  to 
interruption  of  or  delay  in  construction  are  largely  augmented  by 
the  loss  in  efficiency  of  the  working  force,  incident  to  building  up  a 
partly  new  organization  upon  the  continuation  of  construction.  The 
suspension  of  active  work  upon  the  construction  of  the  Los  Angeles 
aqueduct,  due  to  temporary  lack  of  funds,  is  stated  in  the  report  to 
have  caused  an  additional  expense  of  $250  000. 

Construction  Outside  of  the  Main  Property. — In  nearly  all  large 
properties  it  will  be  found  that,  either  owing  to  the  special  location 
or  conditions,  or  on  account  of  relations  with  the  public  or  other 
owners,  it  is  frequently  necessary  to  build  considerable  work  which  is 
in  no  wise  a  part  of  the  property  under  investigation,  but  is  required 
to  readjust  existing  conditions  to  permit  the  work  to  proceed. 
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Illustrative  Examples  of  Actual  Contingencies. — In  building  an 
electric  road  near  Toledo,  Ohio,  contracts  for  grading  were  let  at  22 
cents  per  cu.  yd.  for  earth.  One  section  involved  a  crossing  under  a 
railroad.  The  presence  of  quicksand  and  water  in  the  cut  made  ordi- 
nary methods  of  handling  material  ineffective,  and  the  contractor 
failed.  The  work  was  completed  on  the  basis  of  cost  plus  a  percentage, 
at  a  cost  of  84  cents  per  cu.  yd. 

In  1895  the  Ann  Arbor  Railroad  was  raising  an  embankment  over 
a  swamp.  A  "sink  hole"  developed  which  broke  under  a  freight  train, 
causing  not  only  a  loss  of  many  thousands  of  yards  of  earth,  but 
damages  to  property  of  more  than  $25  000. 

In  March,  1905,  the  flood  conditions  in  Ohio  and  Indiana  were 
unusually  severe.  An  electric  railway  bridge  over  the  Maumee  River 
was  imder  construction,  and  seven  high  concrete  piers  were  completed 
ready  for  superstructure.  An  ice  gorge  formed  about  2  miles  above 
the  bridge,  and  when  it  broke  two  piers  were  swept  away,  involving 
a  contingency  expense  of  more  than  15%  of  the  entire  cost  of  the 
bridge. 

The  Cleveland  Railway,  in  the  construction  of  a  new  car-house,  lost 
the  entire  structure  in  a  tornado  after  more  than  70%  of  the  work 
had  been  completed. 

Elliot  Holbrook,  M.  Am.  Soc.  C.  E.,  cites  examples  of  contin- 
gencies, as  follows : 

"A  piece  of  construction  with  which  the  writer  was  concerned  con- 
sumed over  two  years  in  construction,  while  it  was  expected  it  would 
be  completed  in  one  season.  The  result  was  that  owing  to  increased 
outlay  and  greater  length  of  construction  period,  interest  alone  was 
increased  by  an  amount  equal  to  5  per  cent,  of  the  original  estimate 
of  total  construction  cost.  A  steel  bridge  near  Anoka,  estimated  to 
cost  $21 000,  actually  cost  $32  000,  on  account  of  floods  taking  the 
coffer-dam  out.  Pipe  line  at  Dassel,  Minn.,  estimated  to  cost  $6  600, 
actually  cost  $8  300,  owing  to  delays  that  carried  the  work  into  winter, 
necessitating  excavation  in  frozen  ground.  Bank  widenings  in  Dakota, 
estimated  to  cost  $15  000,  actually  cost  $27  000,  o^ving  to  excessive 
rains.  Change  of  line  from  Teton,  Mont.,  to  Tunis,  Mont.,  estimated 
to  cost  $10  500,  actually  cost  $33  000,  on  account  of  a  hill  giving  way 
and  burying  a  steam  shovel.  A  change  of  grade,  estimated  to  cost 
$7  100,  actually  cost  $12  000,  owing  to  slides  and  wet  conditions  of 
material.  New  yard  at  Blair,  Mont.,  estimated  to  cost  $41  500,  cost 
$66  700,  owing  to  heavy  storms  washing  out  grading  and  causing 
delay.  Drainage  timnel  at  Alvin,  estimated  to  cost  $16  700,  actually 
cost  $23  000,  on  account  of  trouble  encountered  with  water.  In  fact, 
in  the  construction  of  a  railroad,  there  is  almost  a  continuous  succes- 
sion of  unforeseen  and  unforeseeable  difiiculties  that  increase  the  time 
necessary  for  construction  and  the  total  outlay  required." 

In  the  case  of  subway  construction  now  under  way  in  the  City 
of  New   York   the  provision   originally   made  for   contingencies,   5%, 
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has  been  foiiiid  to  be  inadequate,  and  additional  elements  of  cost  luive 
so  far  develojied  to  indicate  that  they  will  amount  to  upward  of  14%, 
exclusive  of  the  provision  that  may  have  to  be  made  for  contractor's 
claims,  and  further  charges  for  interest  on  money  during  construction 
caused  by  the  non-synchronizing  of  completed  portions  of  the  system. 

Many  other  examples  have  been  cited  to  the  Committee.  It  is 
believed  that,  if  it  were  possible  to  separate  from  the  bare  cost  of  nearly 
all  large  works  those  items  that  were  actually  contingencies,  the  list 
might  be  greatly  lengthened.  Attention  should  be  directed  specially  to 
the  fact  that  nearly  all  available  cost  "records  give  total  actual  con- 
struction, but  do  not  give  original  estimates  or  originally  estimated 
quantities.  To  determine  contingencies  therefor,  it  is  necessary  to  go 
in  most  cases  to  the  original  records  and  make  special  analyses.  This 
will  account  for  the  comparatively  small  number  of  cases  in  which  this 
item  of  overhead  charges  has  actually  been  segregated. 

The  close  estimation  of  cost  is  an  art,  of  which  comparatively  few 
men  are  masters.  In  its  final  analysis  it  is  a  matter  of  judgment, 
founded  upon  knowledge  and  breadth  of  experience  in  engineering 
construction,  and  discrimination  in  the  determination  of  the  relative 
effect  of  different  conditions  and  factors  entering  into  the  problem, 
as  well  as  in  the  application  of  well  kept  records  of  previously  built 
works.  Synthetic  cost  analysis  has  some  advantages,  if  limited  to  the 
main  and  readily  determinable  cost  influencing  items,  though  it  has 
the  grave  danger  of  implying  a  degree  of  accuracy  in  the  results 
obtained,  not  actually  realized,  and  the  tendency  to  minimize  and 
under-estimate  the  elements  of  hazard  and  uncertainty,  which  always 
exist  to  a  greater  or  less  degree,  on  any  large  construction  work. 
Direct  comparison  with  costs  of  other  works,  of  similar  character, 
under  similar  conditions,  when  possible,  furnishes  the  most  reliable 
guide.  The  method  of  always  comparing  the  cost  of  different  classes 
of  work,  on  broad  lines,  with  a  previously  determined  "average-scale", 
based  on  general  experience  under  more  or  less  similar  conditions,  and 
getting  the  coefficient  or  factor,  as  compared  with  the  average-scale, 
of  each  work,  is  most  helpful,  particularly  to  the  young  engineer. 

Allen  Hazen,  M.  Am.  Soc.  C.  E.,  has  discussed  this  subject  in  an 
admirable  article  on  "The  Art  of  Making  Rapid  and  Reliable  Pre- 
liminary Estimates  of  Cost",*  from  which  the  following  paragraphs 
haA'e  been  abstracted. 

Extra  Cost  of  NovpI  Designs. — Work  on  novel  designs  commonly 
costs  more  than  work  following  standard  designs.  This  is  true  even 
when  well  tried  methods  are  first  introduced  in  new  places.  Such  work 
may  be  too  small  to  attract  bidders  from  a  distance.  The  unit  cost 
will   then   overrun   anticipated  prices.     An   under-estimate  of  cost  is 


*Engineering  ContraCtin'st;  March  18th,  1914. 
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frequently  made  on  work  because  the  estimator  fails  to  realize  what 
a  great  effect  familiarity  with  the  methods  of  performing  work  has 
upon  the  cost.  To  realize  this  one  has  but  to  think  of  the  difference 
between  present  methods  and  costs  of  building  tunnels  and  subways 
and  deep  foundations,  and  the  methods  and  costs  of  only  10  or  20 
years  ago.  Not  only  is  the  risk  which  the  contractor  takes  now  less, 
but  methods  which  have  been  thoroughly  tried  out  are  at  his  disposal 
as  well  as  experienced  foremen  and  laborers,  to  do  the  work  more 
economically.  For  a  structure  of  new  or  novel  design  much  caution 
in  using  prices  that  may  be  standard  on  other  kinds  of  work  must 
be  used. 

Small  Jobs  Cost  more  in  Proportion  than  Large  Ones. — Another 
common  cause  of  under-estimating  costs  is  the  use  of  figures  on  large 
pieces  of  work  for  estimating  small  work.  The  engineer  often  over- 
looks the  large  cost  of  overhead  charges,  the  waste  of  labor  and  the 
cost  of  plant  caused  by  organizing  a  force  to  perform  a  small  piece 
of  work.  He  too  often  forgets  that  for  small  work  the  work  must  be 
done  by  less  efficient  methods,  or  the  cost  of  plant  prohibits  the  use 
of  expensive  machines.  Perhaps  the  most  common  case  of  such  under- 
estimating is  where  the  job,  although  a  large  one  in  the  aggregate,  con- 
sists of  many  small  pieces  of  work  of  widely  varied  character.  Such 
a  job  is  troublesome  and  costly  for  the  contractor,  and  the  experienced 
man  knows  it  and  puts  in  a  corresponding  bid. 

It  must  be  remembered  that  bids  follow  the  law  of  supply  and 
demand;  that  general  slackness  in  construction  work  calls  out  bidders 
and  low  prices.  The  condition  of  the  money  market,  the  cost  of 
materials,  and  the  general  opinion  of  the  condition  of  contract  work 
are  of  course  matters  of  much  importance.  It  seems  scarcely  necessary 
to  say  that  the  engineer  should  know  where  and  how  the  contractor 
is  to  obtain  his  materials  and  have  a  fairly  definite  idea  of  the  cost, 
either  in  dollars  and  cents  or  as  a  comparative  figure  to  other  work. 

The  engineer  in  estimating  should  try  to  look  at  the  work  from  the 
standpoint  of  the  contractor,  should  try  to  remember  that  no  work 
runs  as  smoothly  along  as  the  contractor  wishes,  that  labor  conditions 
and  other  matters  often  spoil  the  best  laid  plans.  He  should  endeavor 
to  keep  in  mind  the  various  work  he  has  watched  or  performed  and  the 
numerous  times  when  unexpected  conditions  added  largely  to  the  cost. 

Generally  speaking,  estimates  on  proposed  work  by  men  of  limited 
experience  are  too  low,  yet  it  is  not  unusual  for  an  engineer  to  be  so 
impressed  with  the  difficulty  of  a  piece  of  work  that  he  over-estimates 
the  actual  cost,  and  it  is  more  common  to  find  that  he  has  over-estimated 
the  bids  of  the  contractors. 

It  is  of  much  value  to  have  two  methods  of  arriving  at  estimates. 
If  an  independent  check  method  can  be  made,  even  though  a  rough 
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one,  a  failure  of  the  two  results  to  agree  often  leads  to  the  discovery 
of  serious  errors  in  the  application  of  one  or  the  other  method. 

Conditions  of  Success  in  Estimating. — One  of  the  first  requisites 
for  successful  estimating  is  a  fair  and  unprejudiced,  and  moderately 
pessimistic  mind.  The  estimator  must  be  alert  for  new  and  cheaper 
processes  and  methods,  and  conservatively  sceptical  concerning  their 
merits.  Moreover  a  successful  estimator  must  have  had  experience  in 
actual  construction.  As  a  general  rule  an  engineer  should  not  make  an 
estimate  for  a  structure  that  he  would  not  know  how  to  build. 

Next,  as  a  requisite  to  successful  estimating,  may  be  mentioned  a 
broad  basis  of  cost  records  of  actual  work,  more  or  less  similar  to  that 
for  which  estimates  are  to  be  made.  A  good  and  safe  method  of  using 
the  cost  data  and  adjusting  it  for  application  ta  new  conditions  is 
equally  important. 

And,  finally,  the  estimator  must  have  the  will  to  refuse  to  make 
estimates  for  work  that  he  does  not  understand. 
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CHAPTER  VI. 


DEPRECIATION  AND  APPRECIATION. 

Depreciation  in  Valuation. — Perhaps  there  is  no  single  subject  in 
connection  with  valuation  that  has  caused  more  trouble  than  deprecia- 
tion. This  has  been  due  to  various  causes,  perhaps  not  the  least  of 
which  has  been  confusion  in  the  use  of  the  term.  Depreciation  is  some- 
times used  to  mean  decretion,  which  is  loss  of  service  life,  sometimes 
to  mean  the  money  allowance  made  in  the  bookkeeping  to  oflFset 
accruing  loss  of  service  life,  and  sometimes  the  loss  of  value  existing 
at  any  time  due  to  the  loss  of  service  life  or  any  other  cause.  The 
Committee  will  use  it  only  as  meaning  the  loss  of  value  or  worth  of 
property  units  which  are  parts  of  going  concerns.  Although  this  may 
be  due  to  many  causes,  the  general  discussion  will  include  considera- 
tion only  of  those  effects  which,  like  wear  and  tear,  age,  use,  and 
obsolescence,  or  inadequacy,  bring  a  physical  property  unit  gradually 
to  the  end  of  its  service  life. 

Another  difficulty  has  been  the  failure  of  owners  and  Courts  to 
comprehend  depreciation.  Neither  of  these  have  realized  in  the  past 
the  necessity  for  and  equity  of  earning  and  setting  aside  allowances 
to  provide  for  accruing  loss  of  capital  due  to  the  accruing,  but  not  yet 
total,  loss  of  service  life  of  the  parts  of  a  property.  Nor  is  this  difficulty 
wholly  removed  at  the  present  time.  In  the  earliest  decisions  of  the 
United  States  Courts  bearing  on  this  subject  (Union  Pacific  R.  R.  Co. 
V.  United  States,  99  U.  S.,  402,  and  United  States  v.  Kansas  Pacifi:;  Ry. 
Co.,  99  U.  S.,  455,  both  decided  October,  1878),  it  was  held:  in  the  first 
case,  that  all  expenses  for  maintenance  of  the  property  should  be 
included  in  operating  expense,  only  cost  of  original  construction  and 
subsequent  enlargement  and  improvement  of  the  works  being  capital 
expenditures;  and  it  was  even  held  that  ordinary  betterments  wisely 
might  be  made  from  earnings,  apparently  without  a  charge  to  capital, 
a  practice  now  generally  disapproved  by  Courts  and  commissions;  and 
in  the  second  case,  that  no  allowance  for  depreciation  that  does  not 
represent  cash  actually  spent  can  be  included  in  operating  expense. 

Nineteen  years  later  the  Supreme  Court  of  California  (in  San 
Diego  Water  Co.  v.  San  Diego,  118  Cal.,  556,  1897),  mentions  depre- 
ciation, and  in  the  prevailing  opinion  given  by  Justice  Van  Fleet, 
reinforced  by  the  concurring  opinion  of  Justice  Garouette,  distinctly 
holds  that  an  allowance  should  not  be  collected  from  the  rate-payers 
for  it,  the  concurring  opinion  saying: 

"But  such  a  thing  is  all  wrong,  for  it  results  in  the  consumers  of 
water  buying  the  plant  and  paying  for  it  in  installments." 
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But  it  is  fair  to  say  that  this  concurring  opinion  is  based  on  the 
notion  that  such  things  as  tunnels,  wells,  reservoirs,  water  rights,  and 
real  estate  suffer  no  depreciation; 

"*  *  *  there  is  no  wear  and  tear,  no  permanent  and  gradual 
destruction  bv  use  and  age.  Most  of  them  stand  everlasting  as  the 
hills." 

and  that  it  further  admits  that  the  replacement  of  worn  out  items  is 
a  proper  charge  to  operating  expenses,  saying: 

"If  improvements  are  made  in  the  plant  as  it  stands,  as,  for  example, 
a  new  pipe  substituted  for  an  old  piece  of  the  same  size  and  quality, 
such  charge  should  be  considered  operating  expenses." 

which  seems  clearly  to  uphold  what  will  be  described  later  as  the 
replacement  method  of  maintaining  property  that  is  supposed  to  wear 
out.  The  decision  makes  the  mistake  of  finding  that  certain  items  of 
property  which  do  go  out  of  service  for  one  reason  or  another  are  "ever- 
lasting as  the  hills." 

It  is  interesting  to  note  that  there  was  a  dissenting  opinion,  handed 
down  by  Chief  Justice  Beatty,  which  says  that  after  including  as  cur- 
rent expenses  all  operating  expenses  reasonably  and  properly  incurred, 
taxes,  and  the  cost  of  current  repairs,  there  should  be  added  to  the  sum 
to  be  collected  annually  an  allowance  for  a  sinking  fund  sufficient 
to  replace  any  parts  of  the  plant  which,  at  the  end  of  a  term 
of  years,  will  be  so  worn  out  as  to  require  restoration,  when  this  restora- 
tion occurs. 

The  foregoing  is  introduced  because  of  the  appearance,  apparently 
for  the  first  time,  of  a  discussion  of  the  propriety  of  collecting  and  set- 
ting aside  a  depreciation  allowance,  and  particularly  the  approval  of 
such  a  course  as  given  in  the  dissenting  opinion.  A  year  later,  the 
same  Court  (in  Redlands,  etc.,  Water  Co.  v.  Redlands,  212  Cal.,  312, 
1898)  said: 

"In  a  municipal  ordinance  fixing  rates  *  *  *  the  water  com- 
pany is  not  entitled  to  be  reimbursed  from  the  income  derived  from 
rates,  fixed  by  the  ordinance,  for  interest  upon  its  indebtedness,  nor  for 
depreciation  of  its  plant,  aside  from  the  amount  requisite  for  its  main- 
tenance and  repairs  during  the  year." 

This  decision  was  consistent  with  that  in  the  San  Diego  case,  and 
referred  to  it,  and  is  here  quoted  because  the  United  States  Supreme 
Court  (in  San  Diego  Land  and  Town  Co.  v.  Jasper,  189  U.  S.,  439, 
1903)  referred  to  this  case  with  approval.  And  this  was  as  late  as 
1903.     The  language  used  at  page  446  of  the  report  is  as  follows: 

"We  will  say  a  word  about  the  opposite  contention  of  the  appellant 
that  there  should  have  been  an  allowance  for  depreciation  over  and 
above  an  allowance  for  repairs.  From  a  constitutional  point  of  view 
we  see  no  sufficient  evidence  that  the  allowance  of  six  per  cent,  on  the 
value   set   by   the   supervisors,   in   addition   to   what   was   allowed   for 
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repairs,  is  confiscatory.  On  the  other  hand,  if  the  claim  is  made  under 
the  statute,  although  that  would  be  no  ground  for  bringing  the  case  to 
this  court,  it  has  been  decided  by  the  Supreme  Court  of  California  that 
the  statute  warrants  no  such  claim." 

Four  years  later,  at  least  one  Court  had  seen  a  light,  for  (in  Per- 
kins V.  Northern  Pacific  Ry.,  155  Fed.,  445,  1907)  Judge  Lochran,  of 
the  Circuit  Court  of  Minnesota,  states,  among  other  things : 

"It  is  evident  *  *  *  that  a  railroad,  like  everything  else,  will 
wear  out  in  time,  and  they  have  been  used  so  long  in  this  country  that 
there  can  be  a  reasonable  estimate  of  the  percentage  of  loss  each  year 
from  depreciation  of  the  roadbed,  culverts,  bridges,  and  rolling  stock; 
that  it  would  be  proper  to  lay  aside  a  reasonable  amount  to  furnish 
replacements,  renewals,  and  repairs  when  needed;  and  that  if  that  was 
not  done  the  railroad  company  might  soon  be  in  a  position  in  which  it 
could  not  keep  up,  with  the  rates  that  it  was  getting,  and  maintain  its 
property  in  an  efficient  state  to  render  such  service  as  the  public  is 
entitled  to  receive  from  it.  Now  this  is  a  matter  in  which  the  public  has 
an  interest  as  well  as  the  railroad  companies  and  the  stockholders  of 
the  railroad  companies." 

"There  is  a  danger  that  this  feeling  of  selfishness  may  lead  them 
too  far  and  reduce  this  compensation  so  much  that  it  will  not  enable 
the  railroads  to  serve  them  with  efficiency — to  keep  up  their  roadbed, 
culverts,  bridges,  and  everything  so  that  they  will  be  entirely  safe  for 
the  transportation  of  passengers  and  freight,  and  to  keep  the  rolling 
stock  in  the  best  state  of  efficiency  and  enable  them  to  provide  the 
best  service  attainable,  and  that  is  exactly  what  those  corporations 
are  required  to  do.  They  are  required  to  exercise  the  highest  degree 
of  care  in  relation  to  -the  transportation  of  passengers,  and  a  high 
degree  of  care  in  relation  to  the  transportation  of  freight,  and  it  is 
certainly  for  the  interests  of  the  people  that  they  should  be  enabled 
to  do  this;  and  it  would  be  a  very  short  sighted  policy  which  would 
reduce  the  compensation  of  these  railroads  to  a  degree  that  would 
disable  them  from  performing  these  services  fully  and  fairly  for  the 
benefit  of  the  people." 

It  was  not  until  1909,  however,  that  the  Supreme  Court  of  the 
United  States  recognized  the  character  of  depreciation  and  the 
necessity  for  collecting  an  allowance  to  cover  it  as  it  accrues.  This 
recognition  appears  in  the  decision  handed  down  by  Mr.  Justice  Moody, 
in  what  has  come  to  be  known  as  the  Ivnoxville  case.  (City  of  Knox- 
ville  V.  Knoxville  Water  Co.,  212  U.  S.,  1,  decided  January  4th,  1909.) 

This  decision,  here  quoted  somewhat  at  length,  holds  that,  not  only 
is  it  proper  to  set  aside  periodically  an  allowance  to  cover  the  accruing 
loss  of  value  of  aging  property,  but  that  it  is  the  plain  duty  of  operat- 
ing companies  so  to  do  and  to  collect,  from  the  public  served,  enough 
to  maintain  at  all  times  the  value  of  the  investment  unimpaired. 

It  also  holds  that  though  the  cost  of  reproduction  is  one  way  of 
ascertaining  the  present  value  of  a  plant,  like  that  of  a  water  company, 
which  has  been  in  use  for  many  years,  the  test  would  lead  to  obviously 
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incorrect  results  if  the  cost  of  rei)roduction  is  not  diminished  by  the 
depreciation  which  has  come  from  age  and  use. 

"The  cost  of  reproduction  is  one  way  of  ascertaining  the  present 
value  of  a  plant  like  that  of  a  water  company,  but  that  test  would  lead 
to  obviously  incorrect  results,  if  the  cost  of  reproduction  is  not  di- 
minished by  the  depreciation  which  has  come  from  age  and  use.  The 
company  contends  that  the  master,  in  fixing  upon  the  valuation  of  the 
tangible  property,  did  make  an  allowance  for  depreciation,  but  we  are 
unable  to  agree  to  this.  The  master  nowhere  says  that  he  made  allow- 
ance for  depreciation,  and  the  language  of  his  report  is  inconsistent 
with  such  a  reduction.  The  figures  which  he  adopts  are  those  of  a 
'fair  contractor's  price.'  The  basis  of  his  calculation  was  the  testi- 
mony of  an  opinion  witness  called  from  the  company.  That  witness 
submitted  a  table,  which  avowedly  showed  the  cost-  of  reproduction, 
without  allowance  for  depreciation.  The  values  testified  to  by  him 
were  adopted  by  the  master  in  the  great  majority  of  cases.  The  wit- 
ness's valuation  of  the  tangible  property  was  somewhat  reduced  by  the 
master,  but  the  reductions  were  not  based  on  the  theory  of  deprecia- 
tion, but  upon  a  difference  of  opinion  as  to  reproduction  cost. 

"The  cost  of  reproduction  is  not  always  a  fair  measure  of  the 
present  value  of  a  plant  which  has  been  in  use  for  many  years.  The 
items  composing  the  plant  depreciate  in  value  from  year  to  year  in 
varying  degree.  Some  pieces  of  property,  like  real  estate  for  instance, 
depreciate  not  at  all,  and  sometimes,  on  the  other  hand,  appreciate  in 
value.  But  the  reservoirs,  the  mains,  the  service  pipes,  structures  upon 
real  estate,  standpipes,  pumps,  boilers,  meters,  tools  and  appliances  of 
every  kind  begin  to  depreciate  with  more  or  less  rapidity  from  the  mo- 
ment of  their  first  use.  It  is  not  easy  to  fix  at  any  given  time  the 
amount  of  depreciation  of  a  plant  whose  component  parts  are  of  differ- 
ent ages  with  different  expectation  of  life.  But  it  is  clear  that  some 
substantial  allowance  for  depreciation  ought  to  have  been  made  in  this 
case.  The  officers  of  the  company,  alio  intuituo,  estimated  what  they 
called  'incomplete  depreciation'  of  this  plant  (which  we  understand 
to  be  the  depreciation  of  the  surviving  parts  of  it  still  in  use)  at  $77  000 
which  is  14  per  cent,  of  the  master's  appraisement  of  the  tangible 
property. 

"A  witness  called  by  the  city  placed  the  reproduction  value  of  the 
tangible  property  at  $363  000,  and  estimated  the  allowance  that  should 
be  made  for  depreciation  at  $118  000,  or  32  per  cent.  In  the  view  we 
take  of  the  case,  it  is  not  necessary  that  we  should  undertake  the  diffi- 
cult task  of  determining  exactly  how  much  the  master's  valuation  of 
the  tangible  property  ought  to  have  been  diminished  by  the  deprecia- 
tion which  that  property  had  undergone.  It  is  enough  to  say  that  there 
should  have  been  a  considerable  diminution,  sufficient  at  least  to  raise 
the  net  income  found  by  the  court  above  6  per  cent,  upon  the  whole 
valuation  thus  diminished. 

"The  company's  original  case  was  based  upon  an  elaborate  analysis 
of  the  cost  of  construction.  To  arrive  at  the  present  value  of  the 
plant,  large  deductions  were  made  on  account  of  the  depreciation. 
This  depreciation  was  divided  into  complete  depreciation  and  incom- 
plete depreciation.     The  complete  depreciation  represented  that  part 
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of  the  original  plant  which  through  destruction  or  obsolescence  had 
actually  perished  as  useful  property.  The  incomplete  depreciation 
represented  the  impairment  in  value  of  the  parts  of  the  plant  which 
remained  in  existence  and  were  continued  in  use.  It  was  urgently 
contended  that,  in  fixing  upon  a  reasonable  return,  the  amounts  of 
complete  and  incomplete  depreciation  should  be  added  to  the  present 
value  of  the  surviving  parts.  The  court  refused  to  approve  this 
method,  and  we  think  properly  refused.  A  water  plant,  with  all  its 
additions,  begins  to  depreciate  in  value  from  the  moment  of  its  use. 
Before  coming  to  the  question  of  profit  at  all,  the  company  is  entitled 
to  earn  a  sufficient  sum  annually  to  provide,  not  only  for  current 
repairs,  but  for  making  good  the  depreciation  and  replacing  the  parts 
of  the  property  when  they  come  to  the  end  of  their  life.  The  company 
is  not  bound  to  see  its  property  gradually  waste,  without  making 
provision  out  of  earnings  for  its  replacement.  It  is  entitled  to  see 
that  from  earnings  the  value  of  the  property  invested  is  kept  unim- 
paired, so  that  at  the  end  of  any  given  term  of  years  the  original 
investment  remains  as  it  was  at  the  beginning.  It  is  not  only  the 
right  of  the  company  to  make  such  a  provision,  but  it  is  its  duty  to  its 
bond  and  stockholders,  and,  in  case  of  a  public  service  corporation 
at  least,  its  plain  duty  to  the  public.  If  a  different  course  were 
pursued,  the  only  method  of  providing  for  replacement  of  property 
which  has  ceased  to  be  useful  would  be  the  investment  of  new  capital 
and  the  issue  of  new  bonds  or  stocks.  This  course  would  lead  to  a 
constantly  increasing  variance  between  present  value  and  bond  and 
stock  capitalization — a  tendency  which  would  inevitably  lead  to 
disaster,  either  to  the  stockholders  or  to  the  public,  or  both.  If,  how- 
ever, a  company  fails  to  i^erform  this  plain  duty  and  to  exact  sufficient 
returns  to  keep  the  investment  unimpaired,  whether  this  is  the  result 
of  unwarranted  dividends  upon  over-issues  of  securities,  or  of  omission 
to  exact  proper  prices  for  the  output,  the  fault  is  its  own.  When, 
therefore,  a  public  regulation  of  its  prices  comes  under  question,  the 
true  value  of  the  property  then  employed  for  the  purpose  of  earning 
a  return  cannot  be  enhanced  by  a  consideration  of  the  errors  in  man- 
agement which  have  been  committed  in  the  past." 

This  decision  has  been  supported  in  all  subsequent  decisions  of 
the  United  States  Supreme  Court  having  to  do  with  the  matter,  and 
therefore  it  stands  to-day  the  law  in  this  country.  Questions  of 
interpretation  have  been  raised  by  public  utility  owners,  lower  Courts 
have  not  all  followed  the  decision  literally,  and  there  are  certain 
practical  questions  arising  in  connection  with  the  determination  of 
depreciation  in  the  valuation  of  a  property,  all  of  which  require  careful 
consideration  and  will  be  discussed  in  this  chapter. 

Depreciation  being  defined  primarily  as  loss  of  value  or  worth, 
the  depreciation  that  is  of  concern  in  valuation  proceedings  is  that 
which  is  measured  by  the  sum  that  should  be  deducted  from  original 
cost  to  date  or  from  estimated  cost  of  reproduction  new,  as  a  step  in 
finding  that  which  the  Courts  have  called  "fair  value."  The  Commit- 
tee will  call  this  the  "depreciation  of  valuation",  or  "fair  depreciation". 
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Three  Aspects. 

The    Committee    will    considei*    depreciation    from    three    aspects: 

1. — The  cause — decretion  or  loss  of  service  life  of  physical  property; 
■J. — The  record — accounting  depreciation  ; 

3. — The    amount    sought — the    depreciation    of    valuation,    or    fair 
depreciation. 

By  ''decretion"  is  meant  that  loss  of  service  life  of  a  physical  prop- 
erty, or  property  unit,  or  item,  which  may  be  estimated  by  an  inspec- 
tion of  the  property,  considering-  the  history  of  its  past  service  and 
the  probable  character  of  its  future  service,  the  method  and  character 
of  its  maintenance,  and  all  other  pertinent  facts  concerning  it.  It  is 
the  fact  of  loss  of  service  life,  regardless  of  its  eifect  on  value  or  any- 
thing else.  Consciously  or  unconsciously,  the  result  will  be  expressed 
as  a  fraction  of  the  estimated  total  service  life  (elapsed  life  plus 
expectation  of  life)  of  the  property,  or  property  unit,  or  item, 
and  this  must  be  converted  into  a  corresponding  fraction  of  cost,  in 
order  to  find  the  loss  of  value  resulting  from  the  decretion.  Some 
minds  may  not  consciously  go  through  the  elementary  process,  but 
will  estimate  at  once  the  final  money  svim. 

By  "accounting  depreciation"  is  meant  that  sum  which,  in  the  book- 
keeping of  the  owners  of  the  property,  has  been  charged  to  operating 
expense  and  deducted  from  the  capital,  either  directly  or  by  setting  up 
a  reserve,  to  allow  for  an  estimated  or  actual  depi'eciation  of  a  property 
unit  or  item.  A  definition  conforming  to  methods  prescribed  by  the 
Interstate  Commerce  Commission  is  the  sum  charged  to  operating 
expense  to  provide  a  reserve*  to  cover  the  cost  less  salvage  of  a  given 
property  when  it  is  retired  from  service.  Accounting  depreciation 
may  or  may  not  be  equivalent  to  the  actual  or  fair  depreciation  at  any 
time.  Whether  or  not  it  is  approximately  equivalent,  will  depend  on 
the  methods  used  and  the  accuracy  of  the  forecast  of  service  life  of 
the  property  units  or  items. 

The  "depreciation  of  valuation"  or  "fair  depreciation"  has  been 
defined  above. 

In  valuation  discussions,  depreciation  cannot  be  treated  wholly 
independently  of  its  cause  or  of  accoimting  methods,  but,  so  far  as 
possible,  the  Committee  will  consider :  first,  only  decretion  or  the 
cause;  second,  only  accounting  depreciation;  and,  third,  the  deprecia- 
tion of  valuation. 

Decretion. 

Causes  of  Decretion. — Decretion  may  be  due  to  use.  A  machine 
may  have  been  purchased  new,  may  have  been  in  use  a  year,  may  show 
no  signs  of  wear,  and  yet  experience  tells  that  the  machine  when  new 


*  For  a  definition  of  this  term,  see  p.  1858. 


1853  VALUATION  OF  PUBLIC  UTILITIES  [Papers. 

was  probably  good  for  only  10  years.  One  of  these  years  has  elapsed; 
the  machine  is  as  valuable  in  its  present  output  of  service  as  ever  it 
was,  but,  a  year  of  its  life  has  gone  into  service,  and  hence,  approxi- 
mately one-tenth  of  the  life  of  the  machine  must  be  estimated  as  gone, 
and  therefore  decretion  exists  to  that  extent.  Examination  of 
the  particular  machine  may  lead  the  examiner  to  estimate  that  it  has 
still  11  years  of  service  before  it,  in  which  case  its  total  life  will  be 
estimated  at  12  years,  and  only  one-twelfth  of  its  service  life  will 
be  gone.  Examination  always  should  be  made,  and  consideration 
should  be  given  to  the  character  of  past  and  probable  future  service, 
and  the  method  and  character  of  maintenance,  because,  on  all  these 
will  depend  the  estimate  of  total  service  life.  Units  of  service  may  be 
of  more  consequence  than  years  of  service  in  estimating  service  life. 

Decretion  may  be  due  to  age  alone,  as  some  properties  grow  old 
regardless  of  the  use  to  which  they  are  put.  Sometimes  this  aging 
depends  on  the  care  given  the  properties.  Wood  decays,  iron  oxidizes, 
brick  disintegrates,  even  stone  is  destroyed  by  the  elements,  some 
kinds  more  rapidly  than  others.  The  particular  use  to  which  these 
substances  are  put,  whether  in  sheltered  or  exposed  situations,  may 
determine  the  rate  of  decretion,  which  for  some  uses  may  be  prac- 
tically or  actually  nil,  within  the  range  of  human  estimates.  The 
effect  of  weathering  often  may  be  overcome  by  periodic  repairs,  and 
a  given  structure  may  remain  in  use  for  many  years,  and  even  per- 
petually, the  structure  of  a  given  day  having  in  it  no  item  that  was 
in  it  when  it  was  first  built.  Such  structures  will  always  show  some 
physical  deterioration — the  immediate  or  approaching  need  of  some 
replacements  or  repairs. 

Decretion  may  be  due  to  immediate  or  approaching  inadequacy. 
A  given  machine  may  be  doing  a  work  of  constantly  increasing  mag- 
nitude which  now  or  later  will  require  a  larger  machine  before  the 
present  one  is  worn  out.  The  present  machine  may  be  good  for 
a  considerable  service  within  its  capacity.  It  may  have,  therefore,  a 
large  salvage  value,  but,  for  the  purpose  for  which  it  is  being  used, 
it  is  approaching  the  end  of  its  service  life. 

Decretion  may  be  due  to  obsolescence.  A  machine  may  belong  to 
a  class  that  is  more  or  less  rapidly  changing  patterns  and  forms,  due 
to  an  advancing  art  or  science.  Long  before  it  is  worn  out,  new  forms 
may  have  been  devised  which  are  so  much  more  efficient  that  it  may  no 
longer  pay  to  keep  the  old  machine  in  service.  Or  advancing  civiliza- 
tion, growth  of  population,  and  changing  character  of  social  life  may 
call  for  a  different  service  from  that  rendered  with  satisfaction  to  the 
people  served  under  the  old  conditions.  This  sort  of  decretion  is  not 
due  to  inadequacy,  but  to  obsolescence. 

The  several  causes  mentioned  may  exist  singly  or  together  in  a 
given  plant,  or  plant  unit. 
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Decretion  of  a  plant  unit  may  also  be  caused  by  accident. 

Decretion  always  Present  in  a  Going  Property. — Decretion  is  likely 
to  exist  in  almost  every  physical  item  of  a  going  property  except  land. 
Even  the  Pyramids  are  slowly  passing  away,  and,  between  items  of  very 
long  life  and  those,  like  working  tools,  of  very  short  life,  there  are  all 
degrees  of  length  of  service  life.  Some  properties,  like  water-works 
or  gas  properties,  are  essentially  all  new  when  they  begin  to  operate, 
because,  though  some  pipes  may  have  been  in  the  ground  for  some 
time,  their  total  service  life  is  so  long  that  this  preliminary  exposure 
to  decay  may  be  neglected.  Shortly  after  a  water  or  gas  property 
begins  to  operate,  its  machinery  and  structures  have  begun  to  deterio- 
rate, and  could  not  be  inventoried  as  new,  even  for  the  purpose  for 
which  they  are  used,  although  they  may  be  giving  just  as  efficient 
service  as  new  machinery  and  structures  could  give.  Other  properties, 
like  railroads,  have  some  items  that  are  essentially  old  when  regular 
service  begins.  Ties,  for  instance,  begin  to  decay  with  some  rapidity 
as  soon  as  they  are  laid  in  the  track,  and  often  by  the  time  a  newly 
created  extensive  property  has  reached  the  operating  stage  they  are 
being  replaced  almost  or  quite  at  the  usual  normal  rate  on  the  older 
part  of  the  road. 

Due  to  these  facts,  no  going  property  could  ever  be  inventoried  as 
new  if  taken  item  by  item  or  unit  by  unit,  because  some  of  the  service 
life  of  practically  every  item  or  unit  will  have  passed.  As  a  result 
of  this  fact  it  can  be  shown  that  when  the  properly  weighted  average 
of  all  the  decretion  of  the  various  units  of  a  well-maintained  railroad, 
for  instance,  is  foiind,  the  railroad  property  as  a  whole  cannot  show 
more  than  from  80  to  90%  of  new  condition,  or  there  is  estimated, 
say,  15%  loss  of  value  due  to  decretion  of  various  units. 

The  Troublesome  Problem. — Although,  in  a  well-maintained  prop- 
erty, decretion  is  always  present  in  some  degree,  yet  in  some  cases  this 
decretion,  converted  into  loss  of  value,  should  not  be  considered  to  be 
a  deductible  quantity  in  finding  the  value  of  the  property — that  is,  it 
should  not  be  considered  as  depreciation  of  valuation,  or  fair  depre- 
ciation.    Unfortunately,  this  has  not  been  entirely  understood. 

Whether  or  not,  and  to  what  extent,  if  any,  the  loss  of  value  due 
to  existing  decretion  shall  be  deducted  from  original  cost  to  date  or 
cost  of  reproduction  new,  when  finding  fair  value  for  any  purpose,  is 
the  great  troublesome  problem  of  depreciation  in  valuation.  This  prob- 
lem will  be  discussed  after  explaining  accounting  depreciation. 

Accounting  Depreciation. 
General   Statement. — To    understand   accounting    depreciation,    as 
defined   in   the   Glossary,    it   is  necessary  to   know   something   of  the 
fundamentals  of  methods  of  accounting  for   depreciation.     Bringing 
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depreciation  into  the  accounts  of  a  company  owner  is  one  of  the  steps 
necessary  to  keep  the  earnings  and  property  statements  correct. 

Many  owners  have  not  understood,  and  some  do  not  now  under- 
stand, the  necessity  for  charging  off  depreciation  as  it  accrues.  Sooner 
or  later,  such  owners  are  brought  face  to  face  with  the  necessity  of 
renewing  plant  units  with  no  means  available,  because  profits  have 
been  over-estimated  and  a  part  of  the  capital  has  been  distributed  in 
the  past  by  reason  of  the  failure  to  account,  as  it  progressed,  for 
depreciation,  which  though  not  apparent,  was  nevertheless  accruing. 

Moreover,  with  respect  to  public  service  properties  likely  at  some 
time  to  be  valued  for  purchase,  or  the  settlement  of  some  rate  or  other 
public  question  by  a  regulating  body,  or  a  Court,  the  owner  may  find 
the  Knoxville  decision  troublesome,  tending  to  prevent  a  finding  of 
the  real  value  of  his  property,  if  he  has  not  been  careful  to  account 
for  depreciation  as  it  has  accrued. 

There  are  various  methods  of  accounting  for  depreciation.  In 
many  cases  the  method  is  prescribed  by  a  public  regulating  body. 
When  it  is  not  thus  prescribed,  the  method  applicable  to  any  given 
property  may  depend  on  the  law,  or,  with  different  methods  conform- 
ing to  the  law,  on  fairness  or  convenience.  What  is  fair  or  convenient 
may  depend  in  part  on  the  character  of  the  property  to  be  accounted 
for,  whether  made  up  of  long-  or  short-lived  items,  whether  stationary, 
growing  rapidly  or  slowly.  The  method  to  be  adopted  for  a  given 
property  should  accord  with  a  reasonable  interpretation  of  law,  and 
sound  business  principles. 

Fundamental  Principles. — 

1. — The  owner  of  a  public  utility  is  under  obligation  to  the  in- 
vestors in  its  securities  to  maintain  the  integrity  of  the  investment. 

2. — The  public  is  under  obligation  to  the  utility  owner  to  pay  a 
fair  price  for  the  service  rendered  and  to  meet  fairly  its  other  con- 
tractual obligations  fairly.  Of  concern  in  the  present  discussion  is 
the  obligation  to  include,  in  the  fair  price  for  service,  an  allowance 
for  the  maintenance  of  the  integrity  of  the  investment ;  that  is,  an  allow- 
ance to  cover  the  gradual  destruction  or  deterioration,  including  esti- 
mated inadequacy  and  obsolescence,  of  the  physical  property  as  this 
occurs.  This  means  that  when,  for  any  ordinary  reason,  an  item  of 
physical  property  is  retired,  a  sum  equal  to  its  cost,  or  some  equivalent 
of  this  sum,  paid  by  the  people  who  have  been  served,  should  be  in 
the  hands  of  the  company  owner  to  make  good  the  loss  due  to  the 
retirement  of  the  item. 

It  is  immaterial  to  the  maintenance  of  the  service  how  this  is  paid 
by  the  people,  whether  in  a  lump  sum  when  the  item  goes  out  of  service, 
or  a  little  at  a  time,  more  or  less  in  proportion  to  the  gradually  lessen- 
ing service  life  of  the  item;  but  law  or  convenience  may  dictate  the 
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manner  of  payment.  As  a  matter  of  convenience,  and  of  fairness  to 
the  using  public  and  the  owner,  those  methods  of  payment  should  be 
adopted  wh'ich,  conforming  to  law,  avoid  great  irregularities  in  operat- 
ing expense,  in  dividends,  or  in  rates  for  service — that  is  to  say : 

3. — The  return  to  the  investor  and  the  rates  to  the  consumer  should 
he  kept  reasonably  stable  and  uniform  from  year  to  year,  and  should 
be  fair. 

The  respective  obligations  of  the  public  and  the  corporation  are  set 
forth  in  numeroiis  Court  decisions;  the  obligations  of  the  utility  to 
the  investors  in  its  securities  are  plainly  stated  in  the  Knoxville  case. 

Classification  of  Property  Units. — Simplicity  of  accounting  re- 
quires the  use  of  different  methods  for  different  property  units.  It 
will  be  plain,  perhaps,  that  the  cost  of  such  property  as  fuel,  oil, 
waste,  and  supplies  in  general,  which  one  can  see  are  consumed  in 
quantity  from  day  to  day  and  from  hour  to  hour,  do  not  represent 
investment,  as  the  term  is  generally  used,  but  operating  expense;  and 
such  property  used  during  any  fiscal  period  should  be  paid  for  by  the 
public  during  that  period.  The  usual  fiscal  period  is  a  year,  and  it 
may  be  said  fairly  that  the  cost  of  any  property  used  up  during  a  year 
is  properly  a  part  of  operating  expense. 

This  reasoning  would  apply  also  to  parts  of  units,  such  as  tubes  of 
boilers,  tires  on  locomotive  driving  wheels,  shingles  on  buildings,  etc., 
the  replacement  of  which,  though  not  occurring  annually,  may  be 
classed  as  repairs  rather  than  as  renewals.  The  units  are  not  retired, 
they  are  only  repaired.  All  replacements  that  properly  may  be  called 
repairs  may  without  question  be  provided  for  in  operating  expense. 

Closely  allied  to  fuel  and  other  supplies,  but  really  representing 
investment,  are  certain  other  classes  of  property,  like  telegraph  poles, 
railroad  ties,  etc.  These  last  for  a  number  of  years,  but  not  all  of  any 
kind  last  the  same  number  of  years,  and  a  condition  gradually  comes 
about,  in  a  stationary  or  slowly  growing  property,  that  calls  for  a 
renewal  of  a  certain  fairly  regular  percentage  of  all  the  poles  or  all 
the  ties  each  year.  The  maintenance  of  the  normal  condition  of  poles 
or  ties,  which  condition  is  necessarily  less  than  new,  properly  may  be 
charged  in  operating  expense.  The  depreciation  actually  accruing 
during  any  year  is  offset  approximately  by  equivalent  expenditures  for 
renewals.  Simplicity  of  accounting  does  not  "require"  this  method 
of  handling  tie  accounts,  but  they  have  nevertheless  been  handled  in 
this  way.  The  integrity  of  the  original  investment,  if  that  is  measured 
by  the  service  life  of  physical  items,  is  not  maintained  by  this  method, 
because  initial  depreciation  is  not  made  good. 

The  difference  between  normal  condition  and  condition  new,  of 
such  items  as  have  been  mentioned  above,  may  be  called  initial  decre- 
tion,   producing   what   is   sometimes    estimated   as   depreciation.     Ap- 
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parently,  under  a  strict  interpretation  of  the  law,  such  initial  depre- 
ciation must  be  lost  to  the  owner  in  a  valuation  unless: 

1. — He  has  collected  an  adequate  allowance  for  depreciation  from 

the  beginning;  or 
2.— The   whole   thing   is    ignored   as   not   reducing   the  value   of 

the  property  as  a  going  concern;  or 
3. — It  is  considered  that  this  depreciation  is  a  development  cost 

which,  added  to  the  other  costs,  will  offset  itself  when  full 

depreciation  is  estimated. 

Forming  a  link  between  such  property,  as  ties  and  poles  and  the 
next  distinct  class  to  be  mentioned  below,  is  such  property  as  the 
rolling  stock  of  a  great  railroad.  The  items  are  much  larger  than 
the  separate  ties,  but  the  aggregate  yearly  expenditures  for  renewals 
may  be  not  more  than  those  for  ties,  and  in  the  past  the  cost  of 
renewals  has  been  put  into  operating  expense  as  the  renewals 
occurred,  under  the  head  of  repairs  and  renewals;  but  it  may  be 
met  just  as  well  by  moneys  taken  from  a  fund,  maintained  by 
sufficient  annual  contributions  for  depreciation  from  the  patrons 
of  the  utility,  or  by  new  capital  furnished  by  the  owner  in 
lieu  of  that  contributed  by  the  patrons  as  depreciation  allowances, 
but  invested  otherwise  in  the  property  by  the  owner.  The  Interstate 
Commerce  Commission  now  requires  that  reserves  be  set  up  for  the 
rolling  stock  of  railroads,  but,  with  respect  to  initial  depreciation 
existing  before  such  reserves  were  established,  when  retirements  were 
handled  as  operating  expense,  the  owners  are  situated  exactly  as  they 
are  with  respect  to  ties,  and  they  must  lose  such  depreciation  in  a 
valuation  unless  the  commissions  or  Courts  will  accept  in  their  favor 
one  of  the  two  alternatives  last  mentioned  in  the  foregoing  paragraph. 

Theoretically,  the  public  contributes  only  the  cost  of  the  items 
retired.  The  items  purchased  in  place  of  these  may  cost  more  or 
less  than  the  items  retired.  Only  the  cost  of  the  items  retired  should 
be  charged  against  the  depreciation  contributions,  and  this  should 
be  charged,  whether  or  not  a  new  item  is  purchased. 

The  depreciation  of  certain  other  property  units,  as  the  very  large 
and  costly  structures  of  a  great  railroad,  the  cast-iron  pipe  lines,  or 
the  pumping  engines  of  a  water-works  property,  the  buildings,  pipe 
lines,  and  holders  of  a  gas  property,  etc.,  all  having  long  life,  and 
some  of  them  involving,  for  the  maintenance  of  the  service  rendered, 
relatively  large  expenditures  at  irregular  intervals,  can  be  provided 
for  best  without  question  by  regular  annual  allowances  established 
for  the  purpose,  and  accruing  from  year  to  year  for  each  item  some- 
what in  proportion  to  the  spent  life  of  the  item.  If  proper  accounting 
is  provided,  it  is  immaterial,  except  as  a  matter  of  public  policy  and 
economy,  whether  the  allowances  for  any  particular  item  be  held  as 
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cash  at  interest  or  as  convertible  securities  until  that  item  is  retired, 
or  be  invested  in  additions  or  betterments  to  the  property.  In  either 
case  the  integrity  of  the  investment  is  maintained. 

The  Replacement  Method. — The  replacement  method  is  an  account- 
ing method  which  provides  that  the  owner  shall  be  reimbursed  for 
the  cost  of  a  property  unit  at  the  time  it  reaches  the  end  of  its  service 
life  and  is  retired.  That  is,  the  cost  is  charged  to  operating  expense 
at  that  time.  Operating  expense  being  collected  from  the  public, 
it  is  said  that  the  owner  is  reimbursed  when  the  charge  to  operating 
expense  is  made.  Some  owners  do  not  charge  the  cost  of  the  retired 
item,  but  rather  the  cost  of  the  item  which  replaces  it — if  such 
there  be — which  may  be  more  or  less  than  the  cost  of  the  item  retired. 
If  it  is  more,  the  public  is  contributing  capital  to  this  extent;  if 
less,  the  owner  is  losing  capital  to  this  extent.  This  practice  is 
prohibited  by  the  Interstate  Commerce  Commission  for  large  telephone 
companies,  although  permitted  for  many  classes  of  railroad  property. 

The  replacement  method  is  the  most  convenient  one  to  use  for 
some  short-lived  property  units,  but,  under  a  possible  interpretation 
of  the  law  as  laid  down  in  the  Knoxville  case  and  the  Minne- 
sota rate  cases,  the  method  is  not  strictly  applicable  to  any  wasting- 
property  units,  because  it  seems  not  to  keep  the  investment  intact 
at  all  times.  However,  the  method  should  be  legally  proper  for  rail- 
road use  for  all  units  except  equipment,  because  the  regulating  body, 
the  Interstate  Commerce  Commission,  has  sanctioned  it,  and  the  Com- 
mittee believes  that  a  proper  interpretation  of  the  Knoxville  decision 
would  also  permit  the  use  of  the  method  in  some  other  cases,  certainly 
to  the  extent  that  replacements  may  be  properly  classed  as  current 
repairs.  For  the  language  is  to  the  effect  that  the  public  utility  "is 
entitled  to  see  that  from  earnings  the  value  of  the  property  invested 
is  kept  unimpaired,"  and  that:  "before  coming  to  the  question  of 
profit  at  all,  the  company  is  entitled  to  earn  a  sufficient  sura  annually 
to  provide  not  only  for  current  repairs,  but  for  making  good  the 
depreciation  and  replacing  of  parts  of  the  property  when  they  come 
to  the  end  of  their  life." 

To  explain  the  method  more  fully,  let  railroad  ties  be  considered: 
They  are  an  elementary  part  of  the  unit  known  as  track,  and,  in 
estimating  cost,  would  be  an  item  in  the  inventory.  If  an  old  track 
is  properly  maintained,  about  the  same  percentage  of  the  ties  will 
be  replaced  with  new  ones  each  year — ties  will  not  all  disappear  and 
be  replaced  at  once.  In  the  beginning  they  were  all  new,  though,  in 
the  case  of  a  railroad  of  magnitude  built  in  one  operation,  some 
of  the  ties  first  laid  will  have  reached  nearly  the  ends  of  their  lives 
by  the  time  the  whole  line  is  completed.  What  will  come  about  with 
such  a  road  will  be  a  condition  such  that  at  any  given  time  there  will 
be  some  ties  ready  to  be  replaced,  some  new  ties  that  have  just  been 
put   in,   and   perhaps   approximately   equal  numbers   in   all   stages   of 
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life,  so  that  the  whole  would  inventory  about  50%  of  new  condition.  Ties 
never  can  be  much  better  than  this  nor  much  worse  in  an  old,  well- 
maintained  track.  In  northern  latitudes  they  may  be  a  little  under 
normal  in  the  spring,  just  before  renewals  begin  and  a  little  above 
normal  by  the  end  of  the  summer,  when  renewals  for  the  season  have 
been  completed.  Ties  in  such  track  are  kept  in  normal  condition 
with  respect  to  investment  and  service  if  they  are  kept  in  about  50% 
condition  by  annual  renewals  accounted  for  in  operating  expense. 
This  is  not  exactly  true  when  there  is  much  recently  added  new  track, 
but  relatively  small  additions  do  not  greatly  disturb  the  balance. 

When  property  is  maintained  in  this  way  it  is  said  to  be  main- 
tained under  the  replacement  method  of  accounting;  theoretically,  the 
cost  of  the  old  item  is  charged  oif,  that  is,  credited  to  capital  and 
charged  to  operating  expense,  and  the  cost  of  the  new  item  is  charged 
to  capital  when  the  replacement  is  made,  and  no  accumulating  depre- 
ciation allowances  are  provided  or  needed.  Really,  no  entry  need 
be  made  in  the  capital  account  unless  the  new  item  is  cheaper  or 
more  costly  than  the  old,  and,  in  the  matter  of  ties,  is  not  made  usually 
in  any  event,  ties  being  considered  much  like  fuel. 

It  has  frequently  been  insisted  that  allowances  for  depreciation 
are  strictly  for  the  purpose  of  making  replacements,  and  from  this 
point  of  view  property  units  retired  without  being  replaced  would 
not  be  provided  for  by  the  replacement  method,  but,  in  modern  account- 
ing, a  unit  which  is  retired  and  not  replaced  is,  and  in  equity  should 
be,  treated  in  the  same  way  as  if  it  were  replaced.  That  is,  its  cost 
should  be  made  good  to  the  owner,  and  is  made  good  by  charging  it 
to  operating  expense. 

Before  describing  other  methods  of  accounting,  an  effort  will  be 
made  to  distinguish  between  depreciation  reserve  and  depreciation 
funds,  and  to  state  the  depreciation  theories  on  which  accounting 
methods  are  based. 

Depreciation  Reserve  vs.  Depreciation  Fund. — Depreciation  re- 
serve and  depreciation  fund  are  two  entirely  distinct  and  separate 
things  which  are  frequently  confused,  largely  because  of  the  loose 
terminology  used  in  the  past  by  accountants,  valuation  engineers. 
Courts,  and  commissions,  all  of  whom  have  used  the  terms  inter- 
changeably, and  have  sometimes  increased  the  confusion  by  speaking 
of  either  as  the  "depreciation  reserve  fund."  The  depreciation  reserve 
represents  merely  the  result  of  a  series  of  entries  on  the  books,  made  for 
the  purpose  of  preventing  overstatement  of  earnings  or  property,  as 
will  be  explained  later;  but  a  fund  is  money  or  its  equivalent  set  aside 
to  be  devoted  to  some  particular  purpose,  a  depreciation  fund  being 
set  aside  to  provide  for  depreciation  of  property. 

On  the  balance  sheet  of  any  enterprise,  various  items  of  assets 
appear,  and  among  these  will  be  the  value  of  the  property.  If  this 
property  is  carried  at  its  full  original  value  or  cost  on  the  asset  side. 
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but  has  been  in  service  some  time  and  Has  lost  some  of  its  value,  this 
fact  should  appear  on  the  balance  sheet  in  some  way,  or  the  actual 
value  of  the  property  on  any  given  date  will  be  over-stated  by  the 
amount  of  the  depreciation.  Hence,  in  modern  bookkeeping  the  item 
of  depreciation  reserve  appears  on  the  liability  side  of  the  balance 
sheet,  which  makes  the  property  showing,  at  least  so  far  as  the  effect 
of  depreciation  is  concerned,  correct,  provided  the  depreciation  has 
been  properly  estimated.  This  same  result  could  be  achieved  by  simply 
writing  off  a  certain  part  of  the  value  of  the  property,  carrying  the 
property  on  the  asset  side  at  its  depreciated  or  written-off  value  and 
making  no  entry  on  the  liability  side  of  the  balance  sheet.  This, 
however,  is  not  considered  to  be  as  valuable  a  method  from  an  historical 
standpoint  as  that  which  carries  property  at  its  full  value  on  the  asset 
side  and  sets  up  a  reserve  on  the  liability  side  of  the  balance  sheet  to 
allow  for  the  depreciation. 

When  a  depreciation  reserve  is  established  for  the  balance  sheet, 
one  or  more  depreciation  reserve  accounts  are  carried  in  the  ledger. 
As  illustrating  the  use  of  the  depreciation  reserve  accounts,  let  it  be 
supposed  that  a  certain  item  of  property  has  depreciated  $100  during 
a  given  year,  and  that  no  cash  has  been  expended  for  it,  nor  is  any 
expenditure  to  be  made  immediately.  Although  no  expenditure  is 
to  be  made  immediately,  or  has  been  made,  the  fact  of  the  depreciation 
means  the  consumption  of  $100  of  invested  capital,  and,  unless  an 
entry  is  made  to  show  this,  the  net  revenue  for  the  year  will  be  over- 
stated. Therefore,  although  no  cash  is  spent,  the  operating  expense 
account  is  charged  with  $100;  but,  operating  expense  being  charged 
with  $100  which  is  not  spent,  a  surplusage  of  cash  or  its  equivalent  to 
the  amount  of  $100  will  be  found.  To  offset  this  and  prevent  the  over- 
statement of  the  assets,  the  depreciation  reserve  account  will  be  credited 
with  $100.  As  time  goes  on,  the  item  will  continue  to  depreciate,  and 
the  depreciation  will  be  charged  periodically  in  operating  expense 
and  credited  to  the  reserve  account,  until  finally  the  item  will  be 
retired.  At  this  time,  assuming  that  it  has  no  salvage  value,  it  will 
be  written  off  from  the  property  statement  on  the  asset  side  of  the 
balance  sheet,  and  at  the  same  time  its  value  must  be  taken  from  the 
reserve  in  order  still  to  preserve  proper  balance.  Therefore,  the  reserve 
will  be  charged  with  the  whole  value  of  the  item,  which,  if  the  estimates 
of  depreciation  from  time  to  time  have  been  correct,  vdll  be  just  equiva- 
lent to  the  sum  of  the  credits  to  depreciation  reserve  for  this  item. 

Whenever  a  charge  is  made  against  operating  expenses  for  deprecia- 
tion, the  depreciation  reserve  account  is  credited.  When  property  is 
retired,  the  cost  new  less  salvage  recovered  is  charged  against  the 
depreciation  reserve.  At  any  given  date,  therefore,  the  amount  that 
should  appear  in  the  depreciation  reserve  on  the  balance  sheet  would 
be  a  summary  of  the  credit  balances  of  the  various  depreciation 
reserve  accounts  appearing  in  the  ledger.     If  the  estimates  made  for 
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depreciation  from  time  to  time  happen  to  agree  with  the  fact,  the 
amount  standing  in  the  depreciation  reserve  item  on  the  balance  sheet 
at  any  time  will  represent  the  accrued  depreciation  in  the  property, 
but  this  is  likely  seldom  to  be  the  case. 

The  depreciation  reserve  exists  in  modern  bookkeeping,  whether 
or  not  there  is  a  depreciation  fund.  The  depreciation  fund  is  a  part 
of  the  assets,  and  is  established  merely  by  charging  the  fund  and 
crediting  cash  or  some  other  asset  item  with  any  amount  that  at  any 
time  may  be  deemed  proper.  This  double  operation  does  not  disturb 
or  change  the  amount  of  the  assets,  but  merely  changes  the  names 
under  which  they  are  carried. 

It  should  be  borne  in  mind  that  the  setting  aside  of  assets  in  a 
depreciation  fund  is  not  charging  depreciation.  This  is  accomplished 
only  by  making  a  charge  against  operating  expenses  and  so  decreasing 
the  showing  of  net  earnings.  Depreciation  is  not  provided  for  until 
it  is  charged  in  operating  expense,  and  it  is  not  deducted  from  the 
property  until  it  is  credited  to  depreciation  reserve,  or  written  off 
from  the  property  statement  on  the  asset  side. 

Practically,  of  course,  collection  may  be  made  from  the  public 
without  any  depreciation  entry  in  the  books,  that  is,  enough  may  be 
collected  in  rates  to  pay  operating  expense,  depreciation,  and  fair 
return,  but  that  part  which  should  be  applied  to  the  property  to  cover 
depreciation  may  be  otherwise  disposed  of,  as,  for  instance,  distributed 
as  unwarranted  dividends;  and,  when  this  is  done  wittingly,  a  theft 
has  been  committed  from  the  property,  and,  when  done  unwittingly, 
error  of  management  is  shown.  The  argument  in  the  foregoing  para- 
graph assumes  an  honest  and  proper  management. 

Under  the  replacement  method  of  accounting,  there  would  be  neither 
depreciation  reserve  nor  depreciation  fund,  the  reserve  being  estab- 
lished only  when  operating  expense  is  charged  without  expenditure 
of  cash,  and  under  this  method  at  any  time  the  property 
will  be  over-stated  by  the  amount  of  the  depreciation  accrued  but 
not  yet  realized  through  retirements. 

If  no  charge  is  made  to  operating  expense  or  credit  to  reserve  for 
depreciation  of  an  item  previous  to  its  abandonment,  but  specific  assets 
are  set  aside  as  a  fund  to  offset  the  accruing  depreciation  of  the  item, 
"depreciation  fund"  will  appear  among  the  assets,  but,  as  before,  the 
profits  and  the  property  will  be  over-stated  at  any  time  by  the  amount 
of  depreciation  accrued  but  not  realized  by  retirement. 

Depreciation  Theories. — Depreciation  of  physical  units  used  in  con- 
nection with  public  utilities,  or,  indeed,  with  any  other  industries, 
does  not  proceed  in  accordance  with  any  mathematical  law.  One 
unit,  identical  with  another,  and  used  for  the  same  purpose  in  the 
same  way,  goes  out  of  service  before  the  other,  perhaps  because  of 
some  accident;  or  a  unit  goes  out  of  service  before  it  is  worn  out, 
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because  of  some  new  invention  that  displaces  it,  or  some  new  rccjuire- 
ment  of  service  that  makes  its  use  no  longer  possible;  another  unit, 
performing  hard  service,  requires  so  much  more  repair  during  its 
later  than  during  its  earlier  life,  and  yields  so  many  fewer  units  of 
service  per  unit  of  time,  that,  long  before  it  is  actually  worn  out,  it  be- 
comes uneconomical  to  use  it,  and  it  is  replaced  some  time  before  it  is 
incapable  of  service.  There  is  no  regularity  in  the  development  of 
the  increasing  need  for  repairs;  there  is  no  regularity  in  the  progress 
of  depreciation;  but,  in  order  to  devise  a  reasonable  plan  for  laying 
aside  allowances  from  year  to  year  to  make  good  the  depreciation 
as  it  accrues,  and  to  provide  for  the  accumulation  of  a  sum  equivalent 
to  the  cost  less  salvage  of  a  unit  by  the  time  it  is  retired,  some  theory 
of  depreciation  progress  must  be  assumed  on  which  such  allowances 
may  be  based.  Several  such  theories  have  been  suggested,  and  corre- 
sponding accounting  methods  have  been  developed  for  some  of  them 
and  have  been  adopted  by  accountants  and  approved  by  Courts  and 
commissions.  Three  of  the  more  generally  mentioned  theories  will 
be  explained,  namely:  The  straight-line  theory,  the  compound-interest 
theory,  and  the  unit-cost  theory;  and  the  corresponding  accounting 
methods  will  then  be  discussed. 

The  Straight-Line  Theory. — The  straight-line  theory  assumes  that 
depreciation  progresses  uniformly  from  the  beginning  of  service  to 
the  end  of  service  life;  that  when  service  life  is  half  gone,  value  less 
salvage  is  half  gone,  when  service  life  is  nine-tenths  gone,  value  less 
salvage  is  nine-tenths  gone.  Thus,  if  a  unit  cost  $100  and  has  a 
salvage  value  of  $10,  after  an  estimated  total  service  life  of  10  years, 
and  has  been  in  service  for  5  years,  it  has  depreciated  in  value  one-half 
of  $90,  or  $45,  and  is  worth  $45  plus  $10  salvage,  or  $55;  if  it  has 
been  in  service  9  years,  it  has  depreciated  $81  and  is  worth  only  $19. 
This  is  the  simplest  depreciation  theory,  and  because  of  its  simplicity 
it  has  been  widely  adopted.  Its  application  in  accounting  and  valu- 
ation is  sometimes  attended  with  certain  apparent  inequities  which 
will  appear  in  the  discussion  of  accounting  under  this  theory. 

The  Compound-Interest  Theory. — This  theory  assumes  that  depre- 
ciation progresses  at  the  same  rate  as  a  sinking  fund  grows  from  an 
annuity  accumulating  at  compound  interest.  Thus,  if  a  unit  cost  $100 
and  has  a  salvage  value  of  $10  after  a  total  service  life  of  10  years,  an 
annuity  may  be  determined  such  that,  with  its  accumulation  of  in- 
terest, it  will  equal  $90  at  the  end  of  10  years,  and  the  depreciation 
of  the  unit  at  the  end  of  any  year  will  be  equivalent  to  the  accumula- 
tion of  the  annuity  and  its  accretions  to  that  time.  If  the  rate  of 
interest  be  r;  the  cost  less  salvage  of  a  unit  be  C ;  and  the  estimated 
service  life  N  years;  the  annuity  necessary  to  set  aside  to  equal  C 
in  N  years  is  given  by  „ 

-^  =  (1  +  rr- 1 <>> 
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and  the  sum  to  wliich  this  will  amount  in  n  years  is  given  by 

C[(l  +  rr-l] 
^=      (l+r)^'-l    ^^^ 

This  may  be  solved  by  logarithms,  or  the  result  may  be  taken  from 
amortization  tables,  many  of  vphich  have  been  published  covering 
Equations  (1)  and  (2).  In  applying  these  equations  to  a  particular 
example,  let  it  be  assumed  as  before  that  a  service  unit  costs  $100, 
has' a  salvage  value  of  $10  after  a  total  service  life  of  10  years;  that 
it  has  served  5  years,  and  that  interest  is  at  the  rate  of  5  per  cent. 
Then  $90  must  be  accumulated  in  10  years,  and  the  necessary  annuity, 
A,  at  5%  is  $7.16.  This  annuity,  with  its  accum\ilation  of  interest, 
will  amount  to  $39.54  in  5  years,  and  the  unit  is  then  worth  $50.46 
plus  $10.00  salvage,  or  $60.46.  After  9  years  of  service,  the  depreci- 
ation amounts  to  $78.90,  and  the  unit  is  worth  $11.10  plus  $10.00  sal- 
vage, or  $21.10.  The  depreciation  during  any  one  year  is  equivalent  to 
the  annuity  for  that  year  plus  the  interest  on  the  accumulation  of 
previous  annuities  and  interest. 

This  theory  may  have  a  certain  practical  advantage  over  the 
straight-line  theory  when  applied  to  newly  created  properties,  because 
it  requires  the  setting  aside  of  a  less  sum  to  offset  accruing  depreciation 
in  the  earlier  years  of  the  enterprise,  when  expense  is  likely  to  be  rela- 
tively high  and  income  relatively  low.  On  the  other  hand,  when  applied 
to  a  unit  for  which  the  cost  for  repairs  and  upkeep  is  much  greater 
toward  the  end  of  its  life  than  at  the  beginning,  this  theory  bimches 
the  larger  deductions  from  income  for  repairs  and  depreciation;  and 
the  straight-line  theory  would  tend  to  produce  less  inequality  in  the 
deductions  throughout  the  years  of  service  life,  so  far  as  this  influence 
is  concerned. 

With  some  units,  such  as  locomotives,  the  expense  for  repairs  is 
so  large  that  the  depreciation  deduction  is  relatively  insignificant  and, 
so  far  as  inequality  of  deductions  is  concerned,  it  is  of  less  consequence 
which  theory  is  adopted  than  it  is  when  units  like  water  pipe  are 
under  consideration,  because  the  item  of  repairs  on  such  units  is 
relatively  insignificant  when  compared  with  the  accruing  depreciation. 

The  discrepancy  between  accrued  depreciation  under  the  straight- 
line  theory  and  under  the  compound-interest  theory  is  much  greater 
when  the  units  are  long-lived  than  when  they  are  short-lived.  Thus, 
a  10-year  unit  having  no  salvage  value  loses  half  its  value  in  5  years 
under  the  straight-line  theory,  regardless  of  the  rate  of  interest,  and  at 
5%  under  the  compound-interest  theory  it  loses  nearly  as  much — 
.about  44%  of  its  value  in  the  same  time  (45.1%  at  4%  and  41.6%  at 
7%)  ;  but  a  50-year  unit,  losing  half  of  its  value  in  25  years,  under 
the  straight-line  theory,  loses  only  22.8%  of  its  value  at  5%  under  the 
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compound-interest  theory.  It  will  be  shown  later,  however,  that 
the  total  cost  for  service  during  the  service  life  of  a  property  unit, 
including  interest  on  the  value  in  the  unit,  depreciation  annuity  or 
allowance,  and  interest  on  both  these  annual  costs,  is  exactly  the  same 
under  one  theory  as  under  the  other,  and  indeed  is  the  same  as  under 
the' replacement  method  of  maintaining  property  already  described, 
but,  notwithstanding  this  equality,  the  theories  are  not  equally  applic- 
able to  all  classes  of  property,  as  will  also  be  shown  later. 

The  Unit-Cost  Theory. — This  theory  holds  that  the  depreciation 
of  a  service  unit  at  any  'stage  of  the  service  life  is  the  difference  between 
what  it  cost  new  and  what  could  be  paid  for  it  in  its  depreciated  con- 
dition without  increasing  or  diminishing  the  cost  per  unit  of  service 
during  its  remaining  service  life.  In  other  words,  it  is  equivalent  to 
the  difference  in  worth  of  two  units  which  would  perform  the  same 
service  at  the  same  total  cost  per  unit  of  service,  one  having  an 
estimated  service  life  equal  to  the  total  estimated  service  life  of  the 
unit  under  consideration,  and  the  other  an  estimated  service  life  equal 
to  the  estimated  remaining  service  life  of  the  unit.  Comparing  the 
relative  economy  of  two  such  units  in  general,  the  engineer  solves  a 
question  like  this :  If  Unit  A  costs  $100  and  lasts  20  years,  how  much 
can  be  paid  with  equal  economy  for  Unit  B  for  the  same  service,  if 
it  will  last  but  10  years?  The  costs  must  include  all  costs  necessary 
to  put  the  units  in  place  and  at  work.  The  estimate  should  include 
consideration  of  the  effect  of  the  lessened  output  of  service  and  greater 
cost  for  operation  and  repair  of  the  units,  as  they  draw  near  the  ends 
of  their  lives;  but  this  effect  is  sometimes  ignored.  When  excluded, 
the  "unit-cost  theory"  becomes  the  "compound-interest  theory",  which, 
therefore,  may  be  considered  to' be  a  special  case  of  the  "unit-cost  theory". 
On  the  basis  of  this  theory  of  difference  in  worth,  considering  Unit  A 
as  the  unit  new  and  Unit  B  as  the  depreciated  unit,  a  formula  for 
the  present  worth  of  the  depreciated  unit  is  developed  thus,  ignoring 
output  and  cost  of  operation  and  repairs:  The  two  units  are  com- 
pared on  the  basis  of  equal  annual  cost  for  interest  and  depreciation 
annuity.  If  C  be  the  cost  new  of  Unit  A  and  c  the  present  worth  of 
the  depreciated  unit,  B;  r  the  rate  of  interest;  N  the  estimated  service 
life  of  A ;  and  n  the  estimated  service  life  of  B ;  the  total  annual  costs 
for  interest  and  annuity  will  be: 


For  A Interest,  Or, Annuity, 


Cr 


(1  4-  r)^_  1 

c  r 
For  B Interest,  c  r, Annuity,  — — - — ^^^ - 

Making  these  two  equal  and  solving  for  c  gives 

^^^    ^  [(l+r)^-l] 
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and  C  —  c  would  be  the  depreciation  during  N  —  n  years,  which  will 
be  found  to  be  identical  with  the  8  of  Equation  (2),  if  {N  —  n)  be 
substituted  for  n  in  that  equation.  This  is  the  compound-interest 
theory. 

If  the  items  of  increased  cost  of  operation  and  repairs  be  included, 
the  application  of  the  unit-cost  theory  becomes  quite  complex.  The 
comparison-  is  made  in  the  same  way  by  making  total  annual  costs 
equivalent,  but  the  annual  cost  is  first  reduced  to  cost  per  unit  of 
service  by  dividing  by  the  estimated  output  capacity  of  the  new  and 
depreciated  property  units.  Thus,  if  A  and  a  are  costs  of  operation 
and  repairs  for  the  longer-  and  shorter-lived  units  (new  and  depreciated 
units),  respectively;  C  and  c  the  respective  costs,  G  being  the  actual 
or  estimated  cost  of  the  new  unit  of  longer  life  and  c  the  price  that 
could  be  paid  for  the  shorter-lived  (depreciated)  unit  to  produce  the 
same  cost  per  unit  of  service;  B  and  6  the  respective  depreciation 
annuity  multipliers  of  C  and  c  under  the  sinking-fund  theory;  if  D 
units  of  service  may  be  realized  annually  from  the  longer-lived  (new) 
unit  and  d  units  from  the  shorter-lived  (depreciated)  unit;  and  if  r 
be  the  rate  of  interest,  the  following  equations  of  annual  costs  may  be 
written : 

A  +  B  C  -{-  r  G  _  a  +  6  c  +  r  c 
D  ""  d 

Solving  this  equation  for  c,  the  price  that  could  be  paid  for  the 
shorter-lived  (depreciated)  unit  is  found  to  be: 

^iA  +  BG+rG)~a 


h  +   r 

The  difference  between  G  and  c  is  the  accrued  depreciation  at  the  date 
of  estimate.    The  amounts  of  B  and  h  may  be  obtained  from 

B^ r 

(1  +  rY_  1 

and  h  =: 

(1  +  r)"—  1 

or  from  amortization  tables.  The  capacities,  D  and  d,  of  the  new 
and  old  units  should  be  their  actual  or  estimated  capacities  for  service 
under  normal  conditions,  not  the  respective  outputs  under  varying 
business  conditions  which  might  readily  make  the  older  unit  more 
valuable  than  the  newer  one. 

The  compound-interest  theory  produces,  in  its  application  in 
accounting,  equal  annual  charges  for  the  sum  of  interest  and  de- 
preciation allowances,  while  the  unit-cost  theory  is  based  upon  equal 
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animal  charges  for  the  sum  of  interest,  depreciation  allowance,  and 
operating  expense  (including  repairs)  per  unit  of  output.  This 
theory  is  probably  the  soundest  theory  of  depreciation,  and,  when 
applied  with  intelligence,  probably  furnishes  the  truest  measure 
of  accrued  depreciation.  It  is  not  readily  applicable  to  accounting 
purposes,  because  its  formulas  cannot  be  tabulated,  but  it  may  be 
used  for  the  purpose  of  checking  the  results  of  the  application  of 
other  theories  and  for  finding  the  accrued  depreciation  of  any  property 
at  any  time,  in  connection  with  a  public  valuation,  when  there  has 
been  no  proper  accounting  in  the  past,  or  for  finding  remaining  value 
for  the  purpose  of  inaugurating  a  proper  accounting  system  for  an 
old  property. 

Methods  of  Accounting  Applicable  to  the  Straight-Line  and  Compound- 
Interest  Theories  of  Depreciation. 

This  discussion  will  be  approached  from  the  standpoint  of  the 
proper  payments  of  the  public  to  company  owners  and  the  proper 
disposition  of  these  payments  by  the  company  owners,  rather  than 
from  the  standpoint  of  the  bookkeeping  methods  of  the  company 
owners.  It  should  be  remembered  here  that  it  is  the  duty  of  the 
public  served  to  pay  operating  expense  incurred  in  its  service,  interest 
on  capital  invested  for  its  service,  and  the  cost  of  property  con- 
sumed in  its  service;  but  operating  expense  is  omitted  from  this 
discussion  as  being  independent  of  the  other  two  items,  which  are 
to  some  extent  mutually  dependent  on  each  other,  and  because  it  is 
only  depreciation  accounting  that  is  now  under  consideration. 

Accounting  Under  the  Straight-Line  Theory. — Under  this  theory 
the  public  will  pay  the  full  amount  of  the  depreciation  as  it  accrues, 
a  certain  uniform  fraction  of  the  whole  cost,  less  salvage  value,  of  any 
unit  each  year  of  its  life,  and,  i)aying  this  each  year,  thus  returning 
a  part  of  the  invested  capital,  it  should  pay  a  correspondingly  decreased 
interest  on  invested  capital  each  succeeding  year.  A  tabular  statement 
of  a  particular  example  will  illustrate:  A  certain  unit  costs  $100,  has 
a  life  of  20  years,  and  no  salvage  value.  The  cost  or  book  value  in  the 
unit  and  the  payments  of  the  public  with  interest  at  5%  are  shown  in 
Table  1. 

Remembering  that  the  property  must  be  considered  to  be  a  con- 
tinuing property  and  that  the  company  owner  is  bound  to  preserve  the 
integrity  of  the  investment,  it  must  be  clear  that  the  allowances  paid 
by  the  rate-payers  belong  to  the  property  and  must  be  considered  to 
be  a  part  of  it.  If  taken  out  of  the  property,  the  investment  is 
impaired,  and  if  paid  to  the  stockholders,  then,  although  they  lose 
nothing,  the  bondholders'  security  is  reduced,  and  the  public  and  later 
stock   purchasers   are  not   protected   against   the   gradual   destruction 
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of  the  property  that  should  be  a  continuing  property.  Practically, 
therefore,  the  depreciation  allowances  paid  by  the  rate-payers  must 
be  considered  a  part  of  the  property,  not  to  be  distributed  to  the 
stockholders,  but  to  be  kept  in  the  property  in  some  form,  in  order 
to  preserve  the  integrity  of  the  investment. 

TABLE  1.— Illustration  of  the  StrAight-Line  Method. 

Showing  Book  Value  and  Payments  by  the  Public  on   Account  of 
Fair  Return  and  Depreciation. 

Property  Unit  Costing  $100.00,  Lasting  20  Years,  No  Salvage  Value, 
Interest  at  5  Per  Cent. 


(I) 

(2) 

(3) 

(4) 

(S) 
Combined 

Age. 

Remaining 

▼alue  at  end 

of  year. 

Depreciation 
allowance. 

Return  on 
remaining  value, 

5%. 

dppreciation 

and  return, 

5%. 

0 

$100.00 

$5.00 

$5.00 

$10.00 

1 

95.00 

5.00 

4.75 

9.75 

2 

90.00 

5.00 

4.50 

9.50 

3 

85.00 

5.00 

4.25 

9.25 

4 

80.00 

5.00 

4.00 

9.00 

.5 

75.00 

5.00 

3.75 

8.75 

6 

70.00 

5.00 

3.50 

8.50 

7 

65.00 

5.00 

3.25 

8  25 

8 

60.00 

5.00 

3.00 

8.00 

9 

55.00 

5.00 

2.75 

7.75 

10 

50.00 

5.00 

2.50 

7.50 

11 

45.00 

5.00 

2.25 

7.25 

12 

40.00 

5.00 

2.00 

7.00 

13 

35.00 

5.00 

1.75 

6.75 

14 

30.00 

5.00 

1.50 

6.50 

15 

25.00 

5.00 

1.25 

6.25 

16 

20.00 

5.00 

1.00 

6.00 

17 

15.00 

5.00 

0.75 

5.75 

18 

10.00 

5.00 

0.50 

5.50 

19 

5.00 

5.00 

0.25 

5.25 

20 

0 

Totals 

$100.00 

$52.60 

$152.50 
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The  allowances,  being  part  of  the  property,  ought  to  earn  at  the 
same  rate  as  the  capital  remaining  in  the  property.  That  is,  persons 
having  invested  in  a  given  property  do  not  wish  the  investment 
continually  to  vary  either  in  amount  or  return  rate,  they  desire  that 
the  investment  shall  remain  and  shall  earn  at  a  uniform  rate.  The 
allowances  may  be  made  to  earn  at  the  same  rate  as  the  remaining 
property,  if  reinvested  immediately  in  the  property;  they  may  earn 
at  an  even  greater  rate,  if  fortunately  invested  otherwise;  or  they  may 
and  probably  will  earn  at  a  less  rate,  if  placed  in  bank.  Immediate 
investment  in  the  property  itself,  which  should  insure  a  continuance 
of  the  full  rate  of  return,  may  not  be  possible,  often  will  not  be  when 
a  property  is  not  rapidly  growing,  and  lack  of  opportunity  for  other 
investment  may  require  the  banking  of  allowances.  It  would  seem, 
therefore,  that  the  public  should  make  up  the  shortage  in  return,  if 
any  there  be.  Theoretically  then,  proper  accounting,  under  regulation 
that  determines  fair  return  by  which  full  return  on  the  entire  in- 
vestment is  secured,  would  charge  to  operating  expense  any  deficiency 
of  return  on  allowances  and  credit  to  income  any  excess  of  return 
over  the  fair  rate. 

When  only  a  single  item  is  considered,  this  method,  as  the  table 
shows,  makes  payments  from  year  to  year  ununiform,  with  much  larger 
payments  in  the  beginning  than  toward  the  end,  which  is  undesirable 
unless  repairs  are  enough  greater  toward  the  end  to  equalize  the  pay- 
ments. When  there  are  many  items  of  varying  ages  and  expectations 
of  life,  this  defect  largely  vanishes.  This  is  not  a  defect  of  the 
accounting,  but  a  necessary  result  of  using  the  straight-line  theory  of 
depreciation. 

Accounting  Under  the  Compound-Interest  Theory. — Under  this 
theory,  the  public  pays  interest  on  the  invested  capital  and  depreciation 
as  it  accrues,  according  to  the  compound-interest  theory,  but  there  are 
different  ways  of  considering  these  payments  and  distributing  them  in 
the  accounting,  leading  to  two  or  more  different  methods  of  accounting. 
The  Committee  will  discuss  two  methods,  namely:  1,  the  compound- 
interest  method,  heretofore  called  the  equal-annual-payment  method, 
and  2,  the  sinking-fund  method. 

1.  The  Compound-Interest  Method. — Confining  the  discussion  to  a 
single  unit  without  salvage  value,  for  simplicity,  the  amount  of  the 
annual  payment  for  interest  and  depreciation  is  found  thus :  If  C  be  the 
cost  of  the  unit;  N  the  years  of  service  life;  r  the  rate  of  interest  for 
fair  return;  and  /  the  rate  to  be  used  in  amortizing  the  property;  the 
total  annual  payment,  P,  by  the  public  for  fair  return  and  depreciation 
is  given  by 
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the  second  term  being  evaluated  by  logarithms  or  taken  from  amor- 
tization tables.  It  will  perhaps  be  plain  that  this  should  be  the 
payment  for  the  first  year,  but  for  the  second  year  the  payment  should 
include  interest  on  the  amortization  annuity  of  the  first  year,  if 
the  public  served  is  to  pay  the  full  depreciation  as  it  accrues,  and 
the  return  should  be  on  the  original  cost  reduced  by  the  first  annuity, 
just  as  in  the  straight-line  method.  For  the  third  year,  the  cost, 
or  value,  should  be  reduced  by  the  depreciation  payments  of  the  first 
two  years,  and  the  depreciation  payment  should  include  interest  on 
the  sum  of  the  two  preceding  depreciation  payments,  and  so  on. 
Now  it  may  be  shown  that  if  /  equals  r,  all  these  several  annual  total 
payments  for  interest  and  depreciation  are  identical  in  amount  and 
equal  to  that  first  above  written  for  the  first  year.  If  /  does  not 
equal  r,  the  total  payments  are  not  the  same  throughout  the  years. 
Table  2  will  show  the  remaining  value,  depreciation  accruing,  and  total 
payments  on  account  of  fair  return  and  depreciation,  when  the  amor- 
tization interest  rate  is  assumed  the  same  as  the  fair  rate  of  return — 
5%,  and  when  the  latter  is  the  larger — 7  per  cent. 

This  method  of  disposing  of  the  payments  of  the  public  on  account 
of  fair  return  and  depreciation  was  called,  in  the  Progress  Report, 
the  equal-annual-payment  method,  because  it  seemed  to  make  the 
total  payments  on  account  of  operation,  return,  and  depreciation  more 
nearly  equal  from  year  to  year  than  other  methods  that  had  been  dis- 
cussed. As  it  does  not  necessarily  do  this  in  all  cases,  it  might  better 
be  distinguished  from  other  methods  by  a  more  exact  title.  Under 
this  method  the  total  payment  of  the  public  served,  for  interest  and 
depreciation,  is  divided  into  two  parts,  one  the  full  annually  accruing 
depreciation  under  the  compound-interest  theory,  and  the  other,  return 
on  the  depreciated  cost  of  the  xmit.  This  is  exactly  analogous  to  the 
straight-line  accounting  method,  the  only  difference  being  in  the  amount 
of  the  accruing  depreciation.  It  is  the  complete  and  logical  method  of 
accounting  for  the  payments  of  the  public  for  interest  and  depreciation 
under  the  compound-interest  theory  of  depreciation,  and  the  method 
will  be  given  the  name  of  the  theory  and  will  be  called  the  ''compound- 
interest  method",  logically  comparable  with  the  use  of  the  "straight- 
line  method"  under  the  "straight-line  theory".  Although  the  name 
"equal-annual-payment"  has  gotten  into  valuation  and  accounting 
literature,  this  literature  is  in  a  transition  stage,  and  the  Committee 
thinks  there  is  good  reason  in  the  preceding  argument  for  the  new 
name. 

2.  The  Sinking-Fund  Method. — Sinking  fund  is  a  very  old  term  and 
has  long  been  connected  with  the  plan  of  providing  for  the  payment 
of  a  debt,  which  is  to  become  due  in  the  future,  by  setting  aside  and 
investing  a  properly  determined  annuity,  such  that,  with  accumula- 
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TABLE    2. — Illustration    of    Compound-Interest    (Equal- Annual- 
Payment)  Method  of  Accounting  for  Depreciation. 

Assumptions  :  Property  having  20-year  Life,  Valued  when  New  at  .flOO. 
Computations  of  Depreciation  Allowances  Based  on  5%  Interest, 
Compounded  Annually.  Annual  Return  on  Capital  Invested,  5  and 
7  per  cent. 


Return  on  Remaining 

Combined  Depreciation 

Remaining 

Deprecia- 

Value of  Property  at: 

AND  Return 

Age, 

value 

tion  during 

in 

at  end 
of  year. 

year  =  de- 
preciation 

years. 

allowance. 

5% 

79o 

5«.o 

7% 

(It 

(2) 

(3) 

(4) 

(s) 

■    (6) 

(7) 

0 

$100.00 

$3.02 

$5.00 

$7.00 

$8.02 

$10.02 

1 

96.98 

3.18 

4.84 

6.79 

8.02 

9.97 

2 

93.80 

3.33 

4.69 

6.57 

8.02 

9.90 

3 

90.47 

3.50 

4.52 

6.33 

8.02 

9.83 

4 

86.97 

3.68 

4.34 

6.08 

8.02 

9.76 

5 

83.29 

3.86 

4.16 

5.83 

8.02 

9.69 

6 

79.43 

4.05 

3.97 

5.56 

8.02 

9.61 

7 

75.38 

4.26 

3.76 

5.27 

8.02 

9.53 

8 

71.12 

4.47 

3.55 

4.98 

8.02 

9.45 

9 

66.65 

4.69 

3.83 

4.67 

8.02 

9.36 

10 

61.96 

4.93 

3.09 

4.33 

8.02 

9.26 

u 

57.03 

5.17 

2.85 

3.99 

8.02 

9.16 

12 

51.86 

5.43 

2.59 

3.63 

8.02 

9.06 

13 

46.43 

5.70 

2.82 

3.25 

8.02 

8.95 

14 

40.73 

5.99 

2.03 

2.85 

8.02 

8.84 

15 

84.74 

6.29 

1.73 

2.43 

8.02 

8.72 

16 

28.45 

6.60 

1.42 

1.99 

8.02 

8.59 

17 

21.85 

6.93 

1.09 

1.53 

8.02 

8  46 

18 

14.92 

7.28 

0.74 

1.04 

8.02 

8.32 

19 

7.64 

7.64 

0.38 

0.53 

8.02 

8.17 

20 

0.00 

$100.00 

tions  of  interest,  the  amount  of  the  funds  in  hand  when  the  debt 
matures,  will  be  equal  to  the  amount  of  the  debt.  Only  in  compara- 
tively recent  years  has  the  method  been  used  foT  the  amortization  of 
wasting  properties.     It  is  not  so  well  adapted  to  this  purpose,  as  to 
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the  amortization  of  a  debt,  particularly  when  the  property  is  a  public 
utility.  The  method  contemplates  the  creation  and  maintenance  of 
a  fund  which,  considering  the  danger  that  it  may  be  misapplied,  is 
against  good  public  policy.  Moreover,  when  a  property  is  growing  it 
is  good  economy  to  use  the  annuities  in  extensions  of  the  property; 
but  there  is  danger,  when  this  is  done,  that  confusion  in  the  accounting 
will  result,  and  there  is  always  danger  that  some  persons  may  confuse 
annuities  without  their  accretions,  with  the  depreciation  that  the 
annuities  plus  their  accumulations  of  interest  are  intended  to  cover. 
Under  this  method,  the  public  served  is  credited  with  paying  only  the 
annuity  toward  depreciation,  its  payments  on  this  account,  therefore, 
being  equal  from  year  to  year.  The  remainder  of  the  total  payment 
for  interest  and  depreciation  is  treated  as  fair  return  computed  on  the 
undepreciated  cost  of  the  unit  concerned.  As  this  is  also  always  the 
same,  the  total  payments  of  the  public  for  fair  return  and  deprecia- 
tion are  always  the  same  throughout  the  years,  and  the  amount  is  that 
above  written. 

Or' 

If  r'  equals  r,  the  total  annual  payments  agree  in  amount  with  those 
of  the  compound-interest  method,  but,  if  the  return  rate  is  higher 
than  the  amortization  rate,  as  has  been  usual  in  practice  heretofore, 
the  total  annual  payments  by  the  sinking-fund  method  are  larger  in 
the  later  years  than  those  of  the  compound-interest  method  as  shown 
in  Column  (7)  of  Table  2,  and  thus  the  company  owner  is  over- 
paid. It  has  already  been  argued  that  the  same  rate  of  return 
should  be  earned  by  all  capital  kept  in  or  held  for  the  property, 
and  hence  it  should  be  true  that  amortization  rates  of  interest 
should  be  the  same  as  fair  return  rates,  and  they  will  be  so  considered 
in  the  remaining  discussion.  Thus,  the  total  annual  payments  by 
both  methods  will  be  identical.  As  full  payment  for  interest  and 
depreciation  is  made  under  the  compound-interest  method  and  the 
same  totals  are  paid  under  the  sinking-fund  method,  full  payment  must 
be  made  under  this  method. 

To  defend  crediting  the  public  with  only  the  annuities  toward 
depreciation  and  full  return  on  the  undiminished  cost  of  service  units, 
one  of  two  arguments  is  invoked: 

1. — The  annuities  are  paid  to  the  company  before  it  has  occasion 
to  use  them  to  retire  the  units  they  are  intended  to  cover;  hence,  the 
company  owner  can  earn  interest  on  them,  and  therefore  they  are 
discounted  and  considered  parts  of  a  fund  held  in  trust  by  the  company 
owner  and  invested  for  the  purpose  of  earning  that  interest  necessary  to 
make  it  amount  to  the  payment  required  of  the  public  when  the  unit 
covered  is  retired.     As  the  company  may  not  earn  distributable  profits 
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ou  these  annuities,  it  must  be  allowed  its  fair  return  on  the  undimin- 
ished cost  of  the  units  covered  until  such  time  as  the  fund  matures, 
which  in  theory  should  be  when  the  item  is  retired.  If  the  fund  is  then 
immediately  reinvested  in  the  property,  the  cost  value  goes  on  as 
before;  if,  for  any  reason,  it  is  withdrawn  from  the  property,  the  cost 
value  should  be  reduced  accordingly. 

2. — The  public  is  assumed  to  make  full  payment  on  account  of 
depreciation  yearly  as  it  accrues;  but,  because  it  makes  these  payments 
in  advance  of  the  time  when  they  must  be  used  to  retire  the  unit  they 
cover,  the  company  owner  will  be  able  to  use  them  to  earn  interest, 
and  hence  the  public  charges  the  company  for  the  use  of  these  pay- 
ments assumed  to  be  due  only  when  the  item  is  retired;  that  is,  the 
public  pays  the  present  worth  of  payments  assumed  to  be  due  on  the 
retirement  of  the  unit  covered.  But,  again,  the  company  owner  must 
invest  these  annuities  so  that  with  their  earnings  they  shall  equal  the 
cost  of  the  unit  covered  when  it  is  retired;  they  cannot  be  used  to  earn 
distributable  profits,  and,  therefore,  as  before,  the  public  should  pay 
a  fair  return  on  the  undiminished  cost  value  of  the  units  concerned 
until  they  are  retired  or  the  payments  mature.  Under  this  concep- 
tion, it  must  be  assumed,  either  that  the  last  payment  due  is  made 
first  and  discounted,  or  that  the  growth  of  depreciation  is  reversed, 
the  larger  annual  growth  being  at  the  beginning  and  the  smaller  at 
the  end  of  service  life.     The  conception  seems  not  to  be  defensible. 

Comparisons. — The  entries  to  be  made  in  the  accounting  under 
the  compound-interest  and  sinking-fund  methods  must  of  necessity 
be  different.  Under  the  compound-interest  method,  the  book  value 
of  the  service  unit  must  be  reduced  from  year  to  year  in  the 
amount  of  the  full  accruing  depreciation  by  a  credit  to  depreci- 
ation reserve;  under  the  sinking-fund  method,  the  public  paying 
return  on  the  undiminished  cost,  there  should  be  no  deduction 
from  book  value  until  the  unit  is  retired  or  the  sinking  iund 
matures,  which  times  are  theoretically  the  same.  Thus,  the 
sinking-fund  method  becomes,  so  far  as  the  property  account  is  con- 
cerned, the  same  as  the  replacement  method  of  maintaining  property. 
Unfortunately,  this  has  not  been  understood  clearly,  and  the  sinking- 
fund  method  of  accounting  has  not  proceeded  under  this  theory;  con- 
fusion has  resulted,  and,  indeed,  is  likely  to  result,  from  any  attempt 
to  account  for  depreciation  under  this  method. 

The  Entries  Under  the  Compound-Interest  Method  are,  and  are 
explained,  as  follows:  Income  in  the  amount  of  the  depreciation 
allowance  is  charged  to  operating  expense  to  keep  the  income  state- 
ment correct.  Depreciation  reserve  is  credited  in  the  same  amount 
to  keep  the  property  statement  correct.  We  now  have  assets  consisting 
of  property  depreciated  by  the  depreciation  reserve  and  cash  or  other 
assets  equivalent  to  that  allowance.    The  depreciated  property  will  earn 
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fair  return  the  next  year,  and  the  allowance  also  should  earn  fair  return. 
It  may  be — and  should  be,  if  possible — at  once  re-invested  in  the  prop- 
erty, but,  however  it  is  used,  unless  retained  as  working  capital,  cash 
will  be  credited  and  the  particular  asset  purchased  will  be  charged, 
thus  making  no  change  in  the  total  assets.  If  the  allowance  is  in- 
vested in  the  property,  fair  return  presumably  will  be  earned.  If  this  is 
not  immediately  possible,  so  that  the  allowance  must  be  held  for  a  time 
until  needed  in  the  property,  it  should  be  invested  in  outside  securi- 
ties, and  the  deficiency  of  fair  return,  if  any,  should  be  charged  next 
year  in  operating  expense,  and  the  excess  above  fair  return,  if  any, 
should  be  credited  to  income,  reducing  the  necessary  payment  of  the 
public  on  account  of  depreciation.  Only  on  such  an  assumption  is  it 
fair  to  use  fair  rate  of  return  in  computing  annuities.  If  the  com- 
pany owner  must  take  his  chances  of  earning  more  or  less  than  the 
fair  rate  of  return  on  the  annuities,  then  that  rate  should  be  used 
which  experience  shows  to  be  probably  obtainable.  In  the  case  of  a 
reasonably  growing  property,  investment  in  the  property  will  usually 
be  possible  though  perhaps  not  immediate;  in  the  case  of  a  stationary 
property,  it  will  in  general  be  impossible. 

There  is  no  ambiguity  in  the  foregoing  described  method;  no 
chance  for  confusion;  the  method  is  exactly  analogous  to  that  described 
under  the  straight-line  theory  of  depreciation. 

The  Entries  Under  the  Sinhing-Fund  Method  should  be,  and  are 
explained,  as  follows: 

Operating  income,  in  the  amount  of  the  annuity,  is  charged  to 
operating  expense  in  order  to  keep  the  operating  income  account 
correct.  As  fair  return  is  based  on  book  value,  there  must  be  no  reduc- 
tion in  this  below  original  value,  except  as  units  are  retired,  so  there 
will  be  no  credit  to  depreciation  reserve,  which  will  reduce  book  value, 
but  to  some  other  liability  account  as  trust  fund  reserve.  Among  the 
assets,  cash  or  other  assets  will  be  credited,  and  sinking  fund  charged 
with  the  amount  of  the  depreciation  annuity.  The  fund  will  be 
credited  only  as  cash  is  expended  for  the  replacement  of,  or  in  lieu  of, 
units  covered  by  the  fund.  The  fund  must  be  carried  as  an  undis- 
tributable  asset  belonging  to  and  going  with  the  property,  to  offset  the 
trust  fund  reserve.  Accounting  must  go  on  within  the  fund; 
its  cash  must  be  invested  and  its  income  accounted  for  separately  from 
the  operating  income.  If  its  cash  is  reinvested  in  the  property  itself, 
purchasing  new  units  and  increasing  the  income  producing  but  de- 
preciating property,  the  earnings  from  such  new  units  should  be  charged 
to  the  fluid.  These  units  being  depreciating  units  must  also  earn 
depreciation  annuities,  which  must  in  turn  be  invested  and  in  effect 
a  new  sinking  fund  must  be  set  up  for  each  addition  to  depreciating 
property.  It  would  be  manifestly  impossible  to  separate  the  earnings 
of  the  several  imits  of  a  complex  property,  but  the  operating  income 
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can  be  separated  into  two  parts,  respectively  proportioned  to  the 
investment  from  the  fund  and  that  from  other  capital,  and  its  due 
share  chargced  to  the  fund.  This  will  be  but  an  approximation  to  the 
truth  and  again  it  must  be  remembered  that  the  additions  are  of 
depreciating  property.  Moreover,  in  a  valuation  it  will  be  impossible 
to  distinguish  between  units  purchased  from  the  fund  and  those 
acquired  otherwise.  If  the  fund  is  invested  outside  the  property. 
no  difficulty  arises  in  determining  the  income.  Theoretically,  if 
it  is  invested  so  that  it  earns  less  than  the  rate  assumed  in 
determining  the  annuities  (which,  as  has  been  pointed  out,  should 
be  the  fair  rate  of  return),  the  deficiency  may  be  put  in  operating 
expense  and  so  collected  from  the  public ;  and,  if  it  earns  more  than  the 
fair  rate  of  return,  the  excess  should  be  credited  to  the  public  sinking- 
fund  reserve  to  the  relief  of  the  public.  However  the  fund  is  invested, 
it  must  be  held  to  be  a  part  of  the  undistributable  property,  an  asset 
to  be  included  in  a  valuation  offsetting  trust  fund  reserve. 

The  foregoing  procedure  is  more  complex  than  that  involved  in 
the  compound-interest  method,  and  the  sinking-fund  method  has  no 
advantage  over  that  method  in  any  way.  It  does  not  show  directly  in 
the  property  account  what  the  accrued  depreciation  is  at  any  time,  as 
does  the  compound-interest  method,  but  presents  the  fiction — possibly 
justified  by  the  existence  of  the  trust  fund  reserve — of  an  undepre- 
ciated property.  It  must  be  remembered  that  the  company  owner 
has  two  elements  of  value  in  his  property — money  and  time — that 
is  to  say,  cost  and  length  of  service  life,  both  of  which  must  be  pro- 
tected. It  is  not  enough  that  when  a  property  unit  goes  out  of  service 
there  shall  be  a  new  unit  of  equal  cost  to  replace  it,  but  the  new  unit 
must  have  a  service  life  equal  to  that  of  the  retired  unit,  or,  there 
must  be  more  units  of  less  life,  or  less  units  of  more  life.  Under  a 
strict  application  of  the  sinking-fund  method,  when  the  fund  is  in- 
vested in  the  property,  the  foregoing  result  is  realized  only  if  the 
funds  be  set  up  for  each  separate  addition,  purchased  with  fund 
money,  based  upon  the  cost  and  service  life  of  the  addition.  The 
intricacies  of  this  method  when  strictly  followed,  the  confusion  likely 
to  result  when  the  fund  is  invested  in  additions  to  the  property,  and 
the  desirability  of  such  (latter)  form  of  investment,  seem  to  make 
this  method  of  accounting,  for  depreciation  of  a  growing  property, 
undesirable. 

The  sinking-fund  methods  in  common  use  in  the  past  have  varied 
from  the  foregoing  procedure.  Either  annuity  or  full  amount  of 
accruing  depreciation  has  been  charged  to  operating  expense,  and 
credited  to  reserve,  thus  reducing  book  value.  When  only  the  annuity 
has  been  charged  and  credited,  the  property  account  shows  deprecia- 
tion, but  not  enough,  and  explanation  must  be  forthcoming  to  justify 
the  accounts  and  the  distribution  of  public  payments.     The  accounts 
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do  not  tell  the  whole  story,  as  in  the  compound-interest  method.  If 
the  full  accruing  depreciation  is  charged  and  credited,  no  sinking 
fund  is  required,  and  no  explanation  can  justify  any  other  distribution 
of  the  public  payments  than  that  of  the  compound-interest  method 
which  this  procedure  then  becomes. 

The  sinking-fund  methods  heretofore  generally  used  are  incomplete 
accounting  methods,  under  the  compound-interest  theory,  in  that  out- 
side explanation  is  required  to  justify  the  accounts  and  the  distribution 
of  public  payments  for  return  and  depreciation.  Since,  as  has  been  said 
before,  there  is  full  and  complete  payment  by  the  public  for  return  and 
depreciation  under  the  compound-interest  method,  and  since,  with  equal 
rates  for  return  and  annuity,  the  payments  are  the  same  in  total  amount 
under  the  sinking-fund  method,  they  must  be  complete  imder  both 
methods,  and  it  would  appear  that  the  sinking-fund  method  so  widely 
used  must  have  been  the  outgrowth  of  a  failure  to  comprehend  the 
problem  completely.  At  any  rate,  it  seems  no  longer  desirable. 
Comparison  of  Four  Methods. — 

(a) — Compared  to  Bond  Payments. — The  four  methods  of  account- 
ing for  depreciation  may  be  compared  to  four  ways  of  making  and  pay- 
ing bonds.  Thus,  the  replacement  method  corresponds  to  a  bond  pay- 
able n  years  from  date,  with  interest  at  the  rate  of  r  per  cent,  per 
annum  until  paid;  the  straight-line  method  corresponds  to  a  set  of  n 
serial  bonds  of  equal  amounts,  with  interest  at  the  rate  of  r  per  cent, 
per  annum,  giving  diminishing  annual  payments;  the  compound- 
interest  method  corresponds  to  a  set  of  n  serial  bonds  of  unequal 
amounts,  respectively  equivalent  to  the  annuity  accumulations  of 
the  several  years  that  the  bonds  run,  giving  equal  annual  payments. 
The  sinking-fund  method  corresponds  to  bonds  payable  n  years  after 
date,  and  requiring  a  trust  fund  to  be  accumulated  with  a  bank  or 
trust  company  to  meet  the  payments  when  due,  also  giving  equal 
annual  payments. 

(&) — On  a  Basis  of  Costs. — To  compare  the  four  methods  thus  far 
described  on  a  basis  of  cost,  it  will  be  assumed  that  the  property  is 
made  up  of  a  single  unit,  costing  $100,  having  no  salvage  value,  and 
lasting  20  years — of  course,  a  purely  hypothetical  case.  If  interest 
for  all  purposes  is  at  5%.  the  annual  and  total  payments  by  the  public 
to  the  owners  will  be  as  in  Table  3. 

In  preparing  Table  3,  the  return  under  the  replacement  and 
sinking-fund  methods  has  been  figured  as  5%  on  the  undiminished 
cost  of  the  property  unit,  while  under  the  straight-line  and  compound- 
interest  methods  it  has  been  based  on  the  depreciated  value  of  the  unit. 

The  headings  in  Columns  9  and  10,  while  representing  what  is  fre- 
quently considered  to  be  "depreciation"  and  "return",  are  not  expres- 
sive of  the  facts.  The  figures  in  Column  9  represent  the  sinking-fund 
annuity  for  each  year,  which  is  only  a  part  of  the  depreciation,  as  may 
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be  seen  by  reference  to  the  total  at  the  foot  of  the  column,  which  is 
only  $60.40  instead  of  $100.  The  remainder  of  the  depreciation  is 
incorporated  in  the  figures  in  the  column  headed  "Return",  where  in 
each  year  it  represents  5%  on  the  difference  between  the  undiminished 
cost  of  the  unit  and  its  depreciated  value  in  that  year.  Of  the  $100 
represented  by  the  total  of  this  column,  $39.60  is  "depreciation"  and 
$60.40  is  "return". 

TABLE  3. — Comparison  of  Combined  Annual  Depreciation  and  Re- 
turn Upon  a  Property  Unit  of  20- Year  Life,  Under  Different 
Methods  of  Providing  for  Depreciation.  Assu^ied  Rate  5  Per 
Cent. 
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Although  the  total  payments  by  the  public  for  return  and  depreci- 
ation appear  from  the  footings,  under  the  various  headings,  to  be 
different  under  the  different  theories,  this  apparent  variation  is  the 
result  of  ignoring  interest  on  the  payments  or,  in  other  words,  the 
effect  of  time. 

The  real  total  cost  of  the  unit  in  the  20  years,  for  interest 
and  depreciation,  is  the  accumulation  of  the  annual  allowances  for 
these  items  at  compound  interest  during  the  20  years,  and  this  is 
the  same  for  the  four  methods  and  is  equivalent  to  the  sum  to  which 
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the  cost  of  the  unit  would  amount  at  compound  interest  in  the  life 
time  of  the  unit,  as  will  be  shown. 

Referring  to  Table  3 :  by  the  replacement  method,  the  total  return 
of  $5.00  each  year  may  be  considered  as  an  annuity  which  at  5%  in 
20  years  amounts  to  $165.33,  to  which  must  be  added  $100.00,  the 
retiring  payment,  making  $265.33.  By  the  straight-line  method,  the 
payment  for  the  first  year  is  $10.00,  which  at  compound  interest  for 
19  years  amounts  to  $14.57;  the  second  payment  is  $9.75,  which  in  IS 
years  amounts  to  $13.92 ;  and  so  on,  the  total  for  the  20  years  summing 
$265.33,  as  before.  The  payments  by  the  two  other  methods  are  alike, 
$8.02,  and  these,  treated  as  annuities,  also  amount  to  $265.33  in  20 
years;  but  $100.00,  the  first  cost  of  the  unit,  if  placed  at  compoi^nd 
interest  at  5%  for  20  years,  also  amounts  to  $265.33.  Thus  is  the 
statement  of  equal  cost  for  the  four  methods  and  its  equivalent  shown 
for  the  particular  case.     It  may  be  proved  mathematically,  as  follows: 

The  sum  to  which  any  principal,  P,  will  amount  at  r  compound 
interest  in  n  years  is 

S  =  P  {\  +  ry (3) 

The  annuity  F  that  must  be  set  aside  each  year  at  r  compound 
interest  in  order  to  realize  P  dollars  in  n  years  is 

P  r 

F  — — (A^ 

(1  +  r)"—  1  ^    ' 

and  conversely  the  sura,  P,  to  which  an  annual  allowance  at  r  com- 
pound interest  will  amount  in  n  years  is 

J^  [(1  +  r)"  —  1] 
P  =  — ^  ^ ^ (5) 

r 

The  total  cost  of  any  unit  in  n  years,  being  the  amount  of  the  total 
allowances  for  interest  and  depreciation  at  compound  interest,  if  n  be 
taken  as  the  life  of  a  unit  costing  P  dollars,  then : 

By  the  replacement  method,  the  annual  payments  are  Pr  for  in- 
terest, and,  at  the  end  of  the  nth  year,  a  gross  sum  of  P  dollars  to 
make  good  the  worn-out  item.  In  the  n  years,  the  total  cost  will  be 
the  sum  of  the  annual  allowances  of  Pr  dollars  at  compound  interest 
plus  P  dollars.  Therefore,  using  Equation  (5),  in  which  F  becomes 
Pr,  we  have 

Total  cost  =  !^^^ — ■ — ^ ^  +  P  =  P  (1  +  r)" . . . .  (6) 

which  by  Equation  (3)  is  the  amount  of  P  at  compound  interest  for 
n  years. 

By  the  straight-line  method,  the  annual  contributions  are  not  equal. 

P 

They  are   for   each   year  --   for   depreciation,  and    a  varying   amount 
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for  interest,  as  the  depreciation  is  deducted  from  the  principal.     The 
series  of  payments  for  interest  may  be  expressed  as  follows: 

First  year P  r 

P 


Second  year {  ^ )  ^ 

Third  year (^"~  ' )  *' 

etc., 
nth  year {-^  ~   ) 


The  total  annual  contribution  then  will  be 

P 

First  year -\-  P  r 

n 


P  /  P\ 

Second  year 1-  IP  —  —  )  ** 

n  ^  n/ 

P  /  2  P\ 

Third  year +  (P )  r 

)i  \  n  / 

etc., 

P  .  (n— 1)P\ 

nth  year -+  (P~- — ) 

n  \  n         / 


r 


Substituting  those  separate  sums  in  a  series  of  equations  based  on 
Equation  (3)  making  the  exponent  of  the  parenthesis  n  —  1  for  the 
first  equation,  n  —  2  for  the  second,  and  n  —  n  =  0  for  the  last  equa- 
tion, there  results: 

For  the  first-year  allowance.  .S  =  ( h  PrJ   (1  +  r)"  ~  ^ 

For  the  second-year  allowance. S  = i"  (  ^ )  M  ^^  "^  ^)''~  ^ 

tP         /            2  P\      T 
\-  (P )  r    (1  +  r)"  ~  ^ 

etc., 

For  the  7ith-year  allowance S  =:  —   +    (  P  —  -^ —  )  r 

n  \  n         J 

and  the  sum  of  these  several  sums  is  P  (1  -j-  ^)'*>  the  same  as  given  by 
Equation  (3). 

By  the  sinking-fund  method,  the  annuity  payment.  Equation  (4),  is 

Pr 

-r — ; — -; -,  aud  thc  total  annual  payment  is  this  plus  interest,  Pr. 

(1  -f-  ry  —  1 
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Hence  the  total  cost  in  n  years  is  the  accumulation  of  these  two  items 

Pr 

or,  substituting,  — +  Pr  for  the  F  of  Equation  (5), 

Total  cost  =  Pr     ^    ^    ^ = —  P  (1  +  r)".  .(7) 

or  the  same  as  by  the  replacement  method,  and  as  Equation  (3). 

Since  the  compound-interest  sinking-fund  method  involves  exactly 
the  same  annual  contributions  as  the  sinking-fund  method,  the  total 
cost  must  be  the  same,  or,  P  (1  +  r)". 

For  the  particular  example  assumed,  namely,  a  $100.00  unit  lasting 
20  years,  with  interest  at  5%,  the  total  sacrifice  for  the  20  years,  by 
any  one  of  the  methods,  is 

iS  =  P  (1  +  r)"  =  $100.00  (1.05)20  =  $265.33. 

(c) — With  Respect  to  Legality  and  Safety. — The  four  methods 
showing  identical  costs,  any  one  of  them  seeming  to  be  most  convenient 
may  be  chosen  for  a  particular  property  or  for  a  part  of  a  property, 
provided  only  that  it  is  legal,  safe  and  fair,  but  the  sinking-fund  method, 
being  incomplete  within  itself,  is  not  recommended.  The  replacement 
method  is  open  to  the  danger  that  a  Court,  valuing  a  property  at  any 
time,  will  charge  against  it  whatever  depreciation  may  be  found,  hold- 
ing that  depreciation  of  physical  property  is  always  loss  of  value  of  in- 
vestment, and  that,  under  the  Knoxville  decision,  it  must  be  deducted, 
whether  or  not,  under  accounting  methods  theretofore  used,  the  depre- 
ciation had  been  collected  from  the  public.  Thus,  the  property  would 
lose  the  accrued  obligation  of  the  public  to  pay  for  depreciation,  which 
obligation  must  be  considered  an  asset  of  the  property  in  an  equitable 
treatment  of  property  maintained  undej-  the  rephicement  method  of 
accounting.  When  the  method  is  ordered  or  authorized  by  a  public 
regulating  body,  as  has  been  done  in  the  past  by  the  Interstate  Com- 
merce Commission  with  respect  to  all  railroad  property,  and  is  still 
approved  for  most  classes  of  such  property,  it  should  be  considered 
to  be  legal  and  should  be  safe,  but  not  always  has  it  been  safe. 

The  straight-line  and  compound-interest  methods  plainly  are 
safe,  as  they  return  the  full  amount  of  the  depreciation  presvimably 
as  it  accrues. 

The  sinking-fund  method  perhaps  requires  interpretation  to  make 
clear  when  it  is  safe,  as  the  public  apparently  does  not  return 
the  full  amount  of  the  depreciation  to  the  owner,  and  unless  fully 
understood  and  properly  applied  by  regulating  or  valuing  bodies,  it  is 
not  safe.  Since  the  total  annual  payments  for  interest  and  depreciation 
by  this  method  are  exactly  the  same  as  by  the  compound-interest  method, 
it  must  follow  that  if  full  payment  is  made  in  one  case  it  is  also  made 
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iu  the  other,  and  that  it  is  merely  the  bookkeeping  distribution  of  these 
payments  wliich  makes  it  appear  that  full  payment  is  made  in  one  case 
and  not  in  the  other.  Under  the  sinkinsr-fund  method  of  accounting, 
the  annuity  assumed  to  be  paid  by  the  public,  together  with  the  interest 
on  the  accumulated  allowances,  must  be  charged  each  year  to  the  fund 
held  in  trust  for  the  property.  The  fund  must  be  treated  as  a  trust 
fund  belonging  to  the  property,  or  due  from  the  public,  and  equivalent 
to  physical  property  of  equal  value. 

If  for  the  purpose  of  public  purchase  or  capitalization  a  valua- 
tion is  made  at  any  time  of  a  property  maintained  under  this  method, 
depreciation  will  exist  in  amount  equivalent  to  the  accumulation  of 
depreciation  annuities  and  interest,  if  the  various  original  estimates 
on  which  the  annuities  were  figured  have  agreed  with  the  facts  as  they 
have  developed  in  the  life  of  the  property.  To  the  depreciated  value 
found  will  be  added  the  accumulated  allowances  not  invested  in  the 
property  but  treated  as  an  asset  due  from  the  public  and  neither  the 
company  owner  nor  the  public  will  lose  anything,  since  100%  of 
original  value  will  be  found  and  the  accounting  may  go  on  as  before. 
If  part  of  the  fund  is  invested  in  additions  and  betterments,  it  will 
be  difficult,  if  not  impossible,  to  separate  these  from  the  original  prop- 
erty, and  they  will  be  included  ordinarily  in  the  valuation;  but  the 
fund  accounts  should  show  what  sums  have  been  thus  invested  and 
what  amounts  remain  in  the  fund  as  other  assets.  Only  the  portion 
of  the  fund  not  invested  in  the  property  can  be  added  to  the  depre- 
ciated value.  Again  100%  of  original  value  will  be  fovtnd  to  result, 
and  purchase  price  will  be  so  fixed,  or  the  accounting  may  proceed  as 
theretofore.  The  sinking-fund  method,  being  likely  to  cause  confu- 
sion and  possible  injustice,  should  not  be  used  in  depreciation  account- 
ing, but,  if  used,  difficulties  may  be  somewhat  avoided  if  the  fund  is 
kept  invested  in  assets  wholly  distinct  from  the  property. 

If  a  valuation  is  for  the  determination  of  fair  return  for  the  future, 
either  of  two  courses  is  open:  (1)  The  property  may  be  listed  at  full 
value  for  the  determination  of  interest,  and  full  value  and  total  service 
life  for  the  determination  of  depreciation  annuity;  or,  (2)  The  prop- 
erty may  be  listed  at  depreciated  value  for  the  determination  of  in- 
-terest,  and  depreciated  value  and  remaining  service  life  for  deprecia- 
tion annuity.  Either  method  is  equitable,  and  both  give  the  same 
total  annual  allowance.  Thus,  referring  to  Table  2,  if  a  20-year  item 
costing  $100.00  new  has  been  in  service  15  years,  and  interest  is  figured 
at  5%,  the  theoretical  remaining  value,  under  the  compound-interest 
theory,  is  $34.74.  The  interest  for  the  succeeding  year  is  $1.73,  and  the 
depreciation  annuity  to  retire  the  item  in  5  years  is  $6.29,  or  a  total 
of  $8.02,  which  is  just  what  is  required  to  cover  interest  and  annuity 
for  the  item  considered  new.  A  danger  here — shown  by  experience  to 
be  real — is  that  the  property  will  be  listed  at  depreciated  value  for 
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interest  and  full  value  and  total  service  life  for  depreciation  annuity. 

Rate  on  Depreciation  Allowances. — As  having  some  bearing  on 
accounting  methods,  the  disposition  of  allowances,  and  the  rate  to  be 
used  for  these  allowances,  the  Committee  desires  to  emphasize  again 
the  fact  that  the  entire  reasonable  sum  devoted  to  public  service  is 
entitled  to  a  uniform  fair  return.  While  thus  devoted,  and  while,  as 
a  matter  of  convenience  or  to  conform  to  law,  allowances  for  deprecia- 
tion may  be  returned  to  the  company  owner  approximately  as  the 
depreciation  goes  on,  thus  theoretically  reducing  the  capital  in  the 
service,  yet  the  obligation  of  the  owner  to  keep  the  investment  in  the 
property  intact,  makes  it  improper  for  him  to  consider  these  allowances 
other  than  as  a  part  of  the  property  not  to  be  distributed  as  income,  or 
returned  to  his  pocket,  without  corresponding  reduction  of  capital,  if 
not  needed  for  the  maintenance  of  the  property.  Therefore,  he  is  enti- 
tled to  a  full  fair  return  on  the  undiminished  investment  so  long  as  its 
value  is  properly  maintained  in  accordance  with  law.  Hence  the  allow- 
ances returned  to  the  investor  to  cover  accruing  depreciations  should 
earn  the  same  fair  return  as  the  value  remaining  in  the  property.  To 
accomplish  this  these  allowances  are  best  invested  in  the  property,  but, 
when  this  is  not  possible,  the  amounts  not  thus  invested  should  be 
placed  in  a  fund  sacred  to  the  property,  and  the  earnings  of  this  fund 
should  be  accounted  for — if  less  than  a  fair  rate  of  return,  the  defi- 
ciency should  be  charged  in  operating  expense;  if  more,  the  excess 
should  be  credited  to  income.  Thus  only  will  the  public  pay  its  just 
payment  and  the  property  receive  its  fair  return  and  no  more.  This 
may  be  difficult  or  impracticable  of  exact  accomplishment. 

This  means  that  interest  on  depreciation  allowances  should  be  at 
the  same  rate  as  the  fair  rate  of  return,  and  that  this  is  the  rate  to 
use  in  computing  annuities,  and  allowances  under  the  compound- 
interest  theory. 

Accounting  Depreciation,  the  Result. — As  a  result  of  approved 
accounting  methods  that  include  a  reserve  account  and  that  have  been 
used  from  the  beginning,  there  will  appear  on  the  books  at  any 
given  time  a  sum  that  may  be  called  accounting  depreciation.  For 
those  items  maintained  by  the  replacement  method  and  for  which 
reserves  are  not  set  up  the  sum  will  be  zero,  there  is  no  accounting 
depreciation  under  this  method.  The  Interstate  Commerce  Commis- 
sion has  recommended  that  reserves  be  established  for  all  properties, 
and  there  is  much  to  be  said  in  favor  of  this  recommendation.  If 
a  reserve  account  is  set  up,  the  balance  in  that  account  shows  the 
amount  of  accounting  depreciation  for  property  in  use. 

If  no  reserve  account  is  set  up,  there  is  no  account  that  will 
show  at  once  the  amount  of  the  accounting  depreciation.  The  way  to 
determine  it  is  to  compare  the  presently  carried  property  statement 
with  the  original  costs  of  the  property  in  use,  if  these  can  be  found; 
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the  difference  is  the  accounting  depreciation  for  the  methods  of  book- 
keeping in  use.  Under  the  sinking-fund  method,  there  should  be  no 
reserve  set  up  against  the  property,  but  the  balance  in  the  trust 
fund  reserve,  which  should  in  this  case  equal  the  fund,  is  the  account- 
ing depreciation. 

Unless  reserves  are  set  up  for  all  property,  as  has  been  recommended 
by  the  Interstate  Commerce  Commission,  or  a  full  depreciation  fund  is 
maintained,  accounting  depreciation  can  never  agree  with  the  depre- 
ciation present  at  any  given  time,  but  it  should  agree  substantially 
with  it  for  those  units  or  items  which  are  maintained  from  the  begin- 
ning under  depreciation  allowance  methods,  if  the  estimates  of  service 
life  on  which  the  allowances  have  been  based  have  been  correct,  and 
the  property  has  worn  at  the  rate  assumed  by  the  particular  allowance 
method  adopted. 

The  straight-line  method  will  show  at  any  time  a  larger  accounting 
depreciation  than  either  of  the  compound-interest  methods. 

Summary. — None  of  the  allowance  methods  works  out  in  practice 
exactly  as  indicated  in  the  tables.  Accidents,  and  errors  of  judgment 
in  prophetic  estimates  of  service  life,  may  cause  sums  received  for 
depreciation  to  be  excessive  or  deficient,  but,  in  the  accovinting  of 
a  continuing  property,  these  differences  can  be  adjusted  from  time  to 
time. 

In  the  opinion  of  the  Committee,  the  several  methods  described 
are  respectively  more  particularly  applicable  as  follows: 

The  replacement  method  is  applicable  to  those  short-lived  prop- 
erties or  parts  of  properties  made  up  of  a  large  number  of  items,  the 
replacement  or  retirement  of  which  proceeds  after  a  time  with  fair 
regularity  and  causes  no  troublesome  variations  in  return  or  service 
rates.  Railroad  ties  are  an  example.  Rails,  when  a  part  of  a  very  large 
property,  and  machines  where  very  many  are  owned  and  used,  may  also 
be  handled  by  the  replacement  method.  Although  applicable  to  all 
such  properties  or  parts  of  properties,  the  replacement  method  is  at 
present  undesirable  because  it  may  result  in  loss  to  the  company 
owner  in  the  case  of  a  valuation,  determined  under  an  interpretation 
of  the  Knoxville  decision,  which  holds  that  all  loss  of  service  life  of 
physical  items,  except  such  as  is  made  good  by  current  repairs,  is  loss  of 
value  of  investment,  and  that  obligation  of  the  public  to  pay  can 
never  be  accepted  as  an  asset  to  offset  accrued  depreciation. 

The  straight-line  method  of  accounting  applies  to  any  property 
units  having  more  than  a  year  of  service  life,  which  are  assumed  to 
depreciate  according  to  the  straight-line  theory.  The  compound- 
interest  theory  applies  similarly  to  property  units  assumed  to  depreciate 
according  to  the  compound-interest  theory.  Under  either  method  it 
may  be  necessary  to  maintain  a  fund  not  invested  in  the  property  itself, 
as  when  the  property  is  stationary  or  consists  of  only  a  very  few  large 
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units  of  long  life.  For  such  jjroperties  the  sinking-fund  method  of 
accounting  could  be  adopted,  if  the  compound-interest  theory  is  held  to 
apply,  provided  it  is  fully  understood  and  correctly  applied,  but  it 
is  not  recommended. 

The  great  discrepancy  in  the  growth  of  depreciation  of  long-lived 
units  under  the  straight-line  and  compound-interest  theories  should  be 
carefully  noted  when  determining  which  theory  to  use.  For  short-lived 
items  there  is  not  much  difference,  and  in  some  cases  the  straight-line 
theory  may  result  in  more  uniform  annual  payments  than  the  com- 
pound-interest theory ;  but,  as  already  pointed  out,  there  is  a  very  great 
difference  in  the  results  of  the  two  theories  when  applied  to  long-lived 
units.  For  such  units,  the  Committee  believes  that  the  compound- 
interest  theory  is  more  nearly  in  accord  with  the  truth  as  expressed  by 
the  unit-cost  theory,  which  is  thought  to  give  results  most  closely 
corresponding  to  actual  depreciation,  and  here  the  compound-interest 
theory  would  seem  best  to  apply. 

The  extent  of  the  difference  in  the  amount  of  depreciation  under 
the  straight-line  and  compound-interest  theories,  for  property  units 
having  various  lengths  of  service  life,  is  shown  in  Table  4.  It  is  to  be 
noted  that  the  first  column  shows  the  percentage  of  the  total  service 
life  which  has  expired,  and  consequently  the  percentage  of  existing 
depreciation  computed  under  the  straight-line  theory.  The  remaining 
columns  show  the  corresponding  percentage  of  depreciation  under  the 
compound-interest  theory  based  on  a  5%  interest  rate  compounded 
annually.  For  example,  when  20%  of  the  life  of  a  property  unit  has 
expired,  the  depreciation  by  the  straight-line  theory  would  be  20%, 
regardless  of  the  length  of  life  of  the  unit,  but  by  the  compound- 
interest  theory  the  depreciation  would  range  from  16.3%  for  a  unit 
having  a  life  of  10  years  to  1.3%  for  a  unit  having  a  life  of  100  years. 

TABLE  4. 


Percentage  of 

Percentage  of  Depreciation  Under  Compound-Interest  Theory, 

total  life  which 

Corresponding  to  Percentage  of  Loss  of  Skrvice 

has  expired  = 

Life  Given  in  First  Column. 

percentage  of 

depreciation 

by  straight- 

10-vear 

2.5-year 

50-year 

75-year 

100-year 

line  theory. 

unit. 

unit. 

unit. 

unit. 

unit. 

10 

8.0 

5.5 

2.6 

1.2 

0.5 

20 

16.3 

11.6 

6.0 

2.9 

1.5 

30 

25.1 

18.6 

10.3 

5.3 

2.5 

50 

43.9 

35.3 

22.8 

13.8 

8.0 

70 

64.7 

56.6 

43.1 

31.6 

22.5 

90 

87.7 
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This  report  is  particularly  concerned  with  depreciation  account- 
ing as  it  relates  to  valuation,  and  the  determination  of  the  deprecia- 
tion of  valuation.     It  would  seem  to  be  fair  in  any  given  case  to  give 
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the  method  of  accounting  used  by  the  utility  in  setting  up  depreciation 
allowances  its  proper  effect  in  determining  deductible  depreciation  or 
the  depreciation  of  valuation.  The  foregoing  discussion  of  the  several 
more  common  methods  is  given  in  order  that  the  proper  effect  of  each 
may  be  better  understood  by  the  valuing  engineer. 

The  Depreciation  of  Valuation,  or  Fair  Depreciation. 

Cost  of  Decretion. — Finding  the  cost  of  decretion  is  a  step 
in  the  determination  of  depreciation,  but  the  result  is  not  necessarily 
depreciation  of  valuation.  By  cost  of  decretion  is  meant  the  loss  of 
service  life  of  an  item  converted  into  loss  of  value.  This  produced 
what  is  sometimes  called  depreciation  and  what  is  depreciation  for  the 
particular  item.  As  it  may  or  may  not  be  a  quantity  to  deduct  from 
cost  or  other  base  for  value  when  finding  value  or  "fair  value",  it  is  not 
called  depreciation  here,  but  cost  of  decretion,  simply  to  avoid  confu- 
sion likely  to  result  from  the  use  of  the  word  depreciation  in  more 
than  one  sense. 

The  first  step  in  estimating  the  cost  of  decretion  is  to  make  the 
necessary  examination  of  the  property  unit  by  unit.  This  examination 
should  include  an  investigation  of  every  element  that  has  any  bearing 
on  the  future  and  past  service  of  each  item  and  the  character  of  its 
maintenance.  From  the  investigation  an  estimate  will  be  made  of 
the  remaining  service  life  of  each  unit  under  the  method  of  main- 
tenance being  followed;  its  past  service  life  will  be  known;  from  these 
its  total  estimated  service  life,  which  may  or  may  not  agree  with 
assumptions  made  for  past  accounting  purposes,  is  found.  Examina- 
tion should  show  also  the  efficiency  of  operation  of  each  unit. 

To  estimate  the  fraction  of  service  life  consumed  requires  a  knowl- 
edge of  past  service  and  an  estimate  of  future  service  life.  There  are 
two  questions  of  importance  to  be  discussed  in  this  connection. 

1. — Treatment  of  Inadequacy  and  Obsolescence. — Experience 
furnishes  a  guide  in  the  making  of  reasonable  estimates  of  service 
life  for  those  property  units  devoted  to  well-known  operations,  unlikely 
to  be  superseded  by  newly  invented  units  to  perform  the  same  service, 
or  to  be  rendered  obsolete  or  inadequate  by  the  changing  requirements 
of  a  shifting  population,  or  of  commercial  methods,  or  the  changing 
habits  and  demands  of  the  community.  It  is  very  difficult,  in  some 
cases,  however,  to  make  such  estimates  for  property  units  which  are 
likely  to  go  out  of  service  for  one  reason  or  another  before  they  are 
worn  out. 

Nevertheless,  it  is  recognized  to  be  good  business  policy  to  make 
the  best  estimate  possible  in  the  light  of  such  experience  as  may  be 
available,  and  to  fix  a  periodic  allowance  for  depreciation  reserve 
accordingly.  Indeed,  it  is  prescribed  by  the  Interstate  Commerce 
Commissions  and  many  State  Commissions,  that  the  estimated  effect 
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of  inadequacy  and  obsolescence  shall  be  included  in  the  depreciation 
periodically  credited  to  reserve  by  common  carriers.  Many  State 
commissions  make  the  requirement  that  these  causes  shall  be  included, 
not  only  in  fixing  the  depreciation  credited  to  reserve,  but  in  fixing 
the  amount  of  depreciation  to  be  deducted  in  determining  the  "fair 
value"  of  a  property. 

Although  the  matter  has  not  been  definitely  passed  upon  by  the 
United  States  Supreme  Court,  some  Federal  and  higher  State  Courts 
have  recognized  the  propriety  of  including  inadequacy  and  obsolescence 
as  factors  in  the  determination  of  depreciation. 

The  estimation  of  inadequacy  and  obsolescence  is  of  necessity 
somewhat  more  speculative  in  character  than  the  estimation  of  the 
results  of  wear,  tear,  and  decay,  but  there  is  greater  or  less  speculation 
in  all  estimates  of  future  service  life  of  physical  property,  and  it 
would  seem  to  be  inconsistent  to  consider  functional  depreciation  in 
estimating  depreciation  allowances  to  be  charged  to  operating  expense, 
and  then  to  ignore  it  in  a  valuation. 

The  Illinois  Public  Service  Commission,  in  the  case  of  City  of 
Springfield  v.  Springfield  Gas  and  Electric  Company  (March  9th, 
1916),  in  the  course  of  a  long  discussion  and  review  of  the  opinions 
of  the  Courts  on  this  subject,  says : 

"Depreciation,  accordingly,  may  be  divided  into  two  classes: 
physical,  due  to  wear  and  tear;  and  functional,  due  to  inadequacy 
and  obsolescence  which  require  replacement  of  equipment  before  it 
actually  is  worn  out. 

"It  is  the  opinion  of  this  Commission  that  the  weight  of  authority 
compels  a  reasonable  deduction  from  cost  new  for  accrued  depreciation 
— both  physical  and  functional —     *     *     *." 

"In  view  of  all  facts  in  this  case,  the  Commission  finds  that  it  is 
but  reasonable,  proper,  and  equitable  to  make  deductions  from  cost 
new  to  cover  accrued  depreciation,  both  physical  and  functional,  and 
that  it  is  proper  to  treat  depreciation  consistently  in  all  its  features. 
Nothing  in  the  record,  and  no  theoretical  consideration  presented  in 
this  matter,  are  of  sufiicient  weight  to  cause  the  Commission  to 
depart  from  this  reasonable  and  thoroughly  consistent  treatment  of 
depreciation,  which  not  only  possesses  judicial  sanction  but  also  is 
sound  in  both  economic  theory  and  business  policy." 

The  California  Eailroad  Commission,  in  the  case  of  the  Central 
Pacific  Eailway  Company,  decided  December  8th,  1915,  gives  the  fol- 
lowing definitions  which  refer  to  functional  depreciation : 

"Physical  depreciation  is  caused  by  the  action  of  the  elements 
and  the  wear  to  which  a  facility  is  subjected;  functional  depreciation 
IS  caused  by  the  inadequacy  or  obsolescence  of  the  facility,  due  to 
developments  which  have  made  it  incompetent  to  perform  its  function 
properly  or  economically. 

"Eeproduction  cost  of  a  railroad  less  depreciation,  in  a  valuation 
for  general  purposes,  is  the  reproduction  cost  less  the  diminution  in 
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tlie  value  of  the  physical  elements  of  the  property,  due  to  use,  age, 
obsolescence,  inadequacy,  or  other  causes,  plus  the  increase  in  value 
of  physical  elements  due  to  age  or  other  causes."     (Italics  ours.) 

In  the  case  of  the  Chesapeake  and  Potomac  Telephone  Company 
of  Baltimore  City,  decided  March  8th,  1916,  the  Maryland  Public 
Service  Commission  made  the  following  statement: 

"Any  theory  for  ascertaining  existing  depreciation  in  the  plant 
of  a  public  utility  which  confines  such  depreciation  solely  to  the  actual, 
visible,  physical,  demonstrable  deterioration  which  can  be  seen  by 
the  human  eye  and  measured  by  the  human  hand,  must  of  necessity 
ignore  that  other  species  of  deterioration  which  the  experience  of 
the  past  has  demonstrated  beyond  peradventure  exists  in  the  property 
of  every  telephone  company,  although  it  can  not  always  be  seen  by  the 
human  eye  or  measured  by  the  human  hand. 

"We  refer  to  that  tendency  upon  the  part  of  all  such  property  to 
become  inadequate  or  obsolete  with  the  lapse  of  time.  We  find  it  in 
the  case  of  practically  every  building  which  this  company  owns.  Ample. 
adequate  to-day,  they  may  become  entirely  inadequate  to-morrow." 

The  Colorado  Public  Utilities  Commission,  in  the  case  of  the 
Colorado  Springs  Light,  Heat  and  Power  Company,  decided  March  1st, 
1916,  made  the  following  statement: 

"This  Commission  is  familiar  with  the  decision  of  the  Idaho 
Supreme  Court  in  Murray  v.  Public  Utilities  Commission,  150  Pac, 
47,  and  with  the  theory  there  announced  that  there  should  be  no  theo- 
retical accrued  depreciation  deducted  from  the  reproduction  cost  of 
the  physical  property,  but  the  court  there  states  that  actual  deprecia- 
tion should  be  deducted.  Just  what  method  an  electrical  engineer  may 
use  in  arriving  at  the  actual  depreciated  value  of  an  electric  property 
without  considering  theoretical  depreciation  is  somewhat  beyond  our 
scope  of  vision." 

A  limited  search  of  the  practice  of  public  service  commissions  indi- 
cated that  inadequacy  and  obsolescence  were  included  either  in  ascer- 
taining the  amount  of  depreciation  to  be  included  in  earnings,  or  to  be 
deducted  from  cost  to  obtain  "fair  value",  by  the  commissions  of  the 
following  states:  Arizona,  California,  Colorado,  Illinois,  Maryland, 
Massachusetts,  New  York,  Oregon,  South  Dakota,  Wisconsin. 

The  Board  of  Public  Utility  Commissioners  of  New  Jersey,  in  a 
decision  concerning  the  rates  of  the  Public  Service  Gas  Company 
(1  N.  J.  Bd.  P.  U.  C.  433,  December  26th,  1912),  distinguished  between 
what  is  called,  in  its  decision,  theoretical  depreciation,  which  must  be 
sufiicient  to  take  care  of  obsolescence  and  that  depreciation  which  can 
be  determined  by  observation  and  inspection,  and  took  the  view  that, 
in  the  future,  allowance  should  be  made  for  depreciation  on  the  theo- 
retical basis,  but  that  as  applied  to  an  existing  property,  where  it  ap- 
pears that  the  depreciation,  credited  to  depreciation  reserve  in  the  past, 
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has  not  included  the  effects  of  inadequacy  and  obsolescence  and  thus 
been  collected  from  the  people,  nothing  should  be  held  against  the  prop- 
erty for  accrued  depreciation  due  to  these  causes.  The  decision  in- 
cludes this  statement: 

"We  believe  that  from  this  time  forth  allowance  for  depreciation 
should  be  made  where  possible,  on  the  theoretical  basis,  but  where  depre- 
ciation has  been  charged  off,  the  amount  charged  off  appears  to  have 
been  not  theoretical  depreciation,  but  merely  amounts  which  would 
measure  depreciation  ascertained  by  inspection.  We,  therefore,  con- 
clude that  we  are  on  certain  ground  when  the  allowance  for  depreciation 
which  is  deducted  from  the  cost  to  reproduce  the  property  new  is  the 
amoimt  representing  the  wear  and  tear  and  aging,  and  when  we  do  not 
attempt  to  estimate  the  greater  amount  which  would  allow  for  obso- 
lescence and  inadequacy." 

Although  the  matter  of  the  inclusion  of  obsolescence  and  inadequacy 
has  not  been  passed  upon  definitely  by  the  United  States  Supreme 
Court,  it  is  possible  to  infer  from  the  language  used  in  the  Knoxville 
case  and  in  the  Minnesota  rate  case  that  the  Court  had  in  mind  as 
a  part  of  depreciation  that  due  to  inadequacy  and  obsolescence.  In 
the  Minnesota  rate  case  the  following  language  is  used: 

"As  the  Master  said,  everything  on  and  above  the  roadbed  depre- 
ciates from  wear  and  weather  stress.  The  life  of  a  tie  is  from  8  to  10 
years  only.  Structures  become  antiquated,  inadequate  and  more  or 
less  dilapidated,  *  *  *  cars,  locomotives  and  equipment,  as  time 
goes  on,  are  worn  out  or  discarded  for  newer  types." 

The  use  of  the  terms  "become  antiquated",  "inadequate",  "are  dis- 
carded for  newer  types"  clearly  indicates  that  the  master  had  in  view 
depreciation  from  obsolescence  and  inadequacy,  and  although  the  Court 
quotes  his  statement  it  makes  no  unfavorable  comment  upon  these 
features. 

The  decision  in  the  Knoxville  case  contains  the  following  language : 

"But  the  reservoirs,  the  mains,  the  service  pipes,  structures  upon 
real  estate,  standpipes,  pumps,  boilers,  meters,  tools,  and  appliances 
of  every  kind  begin  to  depreciate  with  more  or  less  rapidity  from  the 
moment  of  their  first  use." 

Since  about  the  only  way  that  reservoirs  can  depreciate  is  through 
obsolescence,  their  inclusion  in  the  foregoing  statement,  if  not 
accidental,  must  have  been  based  on  a  consideration  of  obsolescence. 

A  case  in  the  Federal  Court,  recognizing  the  inclusion  of  func- 
tional depreciation  in  determining  the  sum  to  be  deducted  from  repro- 
duction cost,  is  that  of  the  Des  Moines  Water  Co.  v.  City  of  Des  Moines 
(192  Fed.,  193,  197,  Sept.  16,  1911),  in  which  it  is  stated: 

"  *  *  *  the  question  is.  What  would  it  cost  to-day  to  reproduce 
the  plant?  and  from  which,  to  get  at  the  value  of  the  present  plant, 
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there  would  be  deducted  the  value  of  depreciation,  either  by  functional 
or  physical  depreciation." 

In  the  Kings  County  Lighting  Company  case,  the  New  York  Public 
Service  Commission  for  the  First  District  included  the  eilect  of  inade- 
quacy and  obsolescence  in  the  determination  of  the  amount  to  be  de- 
ducted from  cost  for  depreciation.  When  this  case  was  appealed  to 
the  Appellate  Division  of  the  Supreme  Court,  that  Court  decided 
(People  ex  rel.  Kings  County  Lighting  Co.  v.  Willcox,  156  N.  Y.,  App. 
Div.,  603,  May  9,  1913)  to  confirm  the  action  of  the  Commission,  but 
did  not  discuss  obsolescence  or  inadequacy. 

While  most  of  the  opinions  of  public  service  commissions  and  Courts 
in  recent  years  have  favored  the  inclusion  of  inadequacy  and  obso- 
lescence, it  is  by  no  means  uncommon  to  find  in  the  opinions  of  masters 
and  minor  Courts,  and  sometimes  of  higher  Courts,  the  expression  of 
the  view  that  all  depreciation  based  on  the  life  of  a  property  unit 
should  be  excluded,  and  this  would  cover  the  exclusion  of  inadequacy 
and  obsolescence.  The  basis  in  such  opinions  appears  to  be  largely 
that,  where  the  service  is  maintained  at  100%  efficiency,  there  is  no 
depreciation.  A  recent  opinion  of  this  kind  was  that  of  the  Supreme 
Court  of  Idaho  (Murray  v.  Public  Utilities  Commission  of  Idaho,  150 
Pac.  E.,  47,  July  1,  1915)  : 

"This  Court  is  of  the  opinion  that  the  rule  of  cost  of  reproduction 
less  depreciation,  adopted  by  the  commission,  is  the  correct  general 
rule  or  principle  to  be  applied  in  this  class  of  cases.  However,  we 
believe  that  in  ascertaining  values  in  this  way  the  worth  of  a  new 
plant  of  equal  capacity,  efficiency,  and  durability,  with  proper  discount 
for  defects  in  the  old,  and  the  actual  depreciation  for  use,  should  be 
the  measure  of  value,  rather  than  the  cost  of  exact  duplication. 

"So  far  as  the  question  of  depreciation  is  concerned,  we  think 
deduction  should  be  made  only  for  actual,  tangible  depreciation,  and 
not  for  theoretical  depreciation,  sometimes  called  'accrued  depreciation'. 
In  other  words,  if  it  be  demonstrated  that  the  plant  is  in  good  operat- 
ing condition,  and  giving  ■os  good  service  as  a  nexv  plant,  then  the 
question  of  depreciation  may  be  entirely  disregarded."     (Italics  ours.) 

Whitten,  Vol.  II.,  page  1150,  gives  a  part  of  the  decision  of  the 
Railway  and  Canal  Commission  of  Great  Britain  concerning  the  value 
of  the  property  of  the  National  Telephone  Company  and  its  transfer 
to  the  Postmaster-General  at  the  expiration  of  the  Company's  license 
on  December  31st,  1911.  (16  A.  T.  &  T.  Co.  Com.  L.,  491,  Jan.  13, 
1913.)     Whitten  makes  the  following  statement: 

"Under  the  purchase  agreement  between  the  parties  dated  August 
S,  1905,  the  purchase  price  was  to  be  based  substantially  upon  the  repro- 
duction cost  of  the  physical  property  less  depreciation. 

"In  this  case  the  Postmaster-General  contended  that  in  computing 
the  life  of  the  plant  for  the  purpose  of  estimating  accrued  depreciation, 
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the  life  period  should  be  reduced  on  account  of  a  probable  shorter 
'effective  life'  due  to  inadequacy,  obsolescence,  or  other  factors  requir- 
ing supersession  of  a  particular  unit  before  it  has  been  worn  out.  The 
greater  stress  was  laid  upon  probable  supersession  through  inadequacy 
due  to  the  probable  growth  of  the  telephone  business.  The  court  held, 
however,  that  to  give  weight  to  these  considerations  involved  a  con- 
fusion of  thought  and  that  the  possible  and  even  probable  growth  of 
the  Postmaster-General's  telephone  business  had  no  bearing  upon  the 
present  value  of  the  Company's  plant.  The  court,  however,  attempted 
to  make  due  allowance  for  all  functional  depreciation  actually  existing 
in  the  plant  at  the  time  of  the  valuation." 

The  trend  of  opinion  at  the  present  time  seems  to  be  in  favor  of 
including  inadequacy  and  obsolescence  as  factors  in  determining  depre- 
ciation, both  as  to  the  sum  to  be  deducted  from  cost  to  obtain  cost  less 
depreciation  and  as  to  the  sum  to  be  included  in  earnings.  Until  there 
shall  have  been  authoritative  court  decisions  in  this  country  covering 
this  matter,  the  estimator  should  proceed  with  caution,  giving  the 
property  the  benefit  of  any  doubt,  lest  by  mental  speculation  he  destroy 
actual,  existing  value.  Where  the  financial  history  of  the  property 
shows  that  the  charges  for  depreciation  have  not  included  obsolescence 
and  inadequacy,  equity  seems  to  require  that  they  should  not  be  in- 
cluded when  determining  the  reproduction  cost  less  depreciation  of  the 
property. 

Under  existing  circumstances  it  is  well  to  segregate  the  depreciation 
due  to  inadequacy  and  obsolescence  from  that  due  to  other  causes,, 
that  the  propriety  and  effect  of  its  inclusion  may  be  weighed  by 
the  Court. 

2. — Mortality  Tables  to  be  Used  with  Care. — It  has  been  suggested 
already  that  remaining  service  life  is  determined  as  the  result  of 
examination  and  investigation;  that  depreciation  is  due  to  several 
causes,  one  or  more  of  which  may  be  chiefly  responsible  for  loss  of 
value  in  any  particular  case.  The  purpose  of  this  paragraph  is  to 
emphasize  this  point  and  to  suggest  that  ordinary  mortality  tables  for 
physical  properties  are  not  to  be  carelessly  used  in  this  connection. 
The  determination  must  be  based  on  an  investigation  which  includes- 
not  only  age  but  character  of  past,  present,  and  probable  future  service, 
character  of  past,  present,  and  probable  future  maintenance,  possible 
apparent  or  probable  approaching  inadequacy  or  obsolescence;  and 
often  the  accounts  must  be  examined  to  find  the  amount  of  money 
spent  in  repairs  and  general  upkeep,  and  the  regularity  of  the  ex- 
penditure. Not  only  these  but  experience  with  other  like  properties 
under  similar  conditions  should  be  considered,  and  sometimes  properly 
prepared  mortality  tables  giving  estimated  service  life  may  be  useful. 

As  has  been  suggested,  many  properties  under  proper  maintenance 
will  last  forever,  so  far  as  human  intellect  can  comprehend  the  meaning; 
of  that  term. 
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That  this  is  practically  true,  present  existence  of  the  following 
named  structures  seems  to  prove: 

Main   stone   sewer,   Rome Built  GOO  B.  C. 

Arch  bridge,  San  Angelo,  Rome "      200  A.  D. 

Several  stone  bridges  at  Nuremburg "'     1486-1728 

Wooden  bridge   (Kapollsbriicke) "     1333 

Iron   suspension   bridge,   Nuremburg "     1 824 

Westminster  Abbey,  London,  old  portion   stone — Built  13th   Century 
Ratfield  House,  England  (Marquis  of  Salisbury).  .     "      1611 — Stone. 

Saint   Lawrence   Church    (Nuremburg) "      1477 —     " 

South    Church,    Boston "      1750— Brick. 

Church,   Alexandria,   Va "      1784—     " 

Howland  House,   Plymouth,   Mass "      1660 — Frame. 

Windmill,   Nantucket,  wood  and  shingles "      1746 —     " 

Washington's  home,  Mt.  Yernon,  Va "      1784 —     " 

Hobson's  House,   Montgomery,  Ala "      1815 —     " 

On  the  other  hand,  apparently  permanent  structures  have  but  a 
short  life;  what  were  new  high  buildings  only  a  few  years  ago  are 
already  destroyed  to  make  way  for  yet  higher  buildings.  This  means 
inadequacy  and  obsolescence.  It  shows  that  mortality  tables  based 
on  the  older  structures  are  not  applicable  to  the  modern  structures, 
and,  based  on  averages,  they  would  be  likely  to  be  far  from  the  truth 
in  any  particular  case. 

At  a  recent  meeting  of  railroad  equipment  officers  from  all  sections 
of  the  United  States  it  was  determined  from  railroad  records  that : 

"Obsolescence  and  inadequacy  have  been  the  cause  of  retiring  prac- 
tically all  equipment  in  this  country,  and  wear  and  age  have  not, 
except  in  very  few  cases,  been  the  cause  of  retirement.  There  is, 
therefore,  little  data  on  which  to  base  life  tables,  and  as  wear  and  age 
have  not  been  the  cause  of  retirement,  experience  is  lacking  which 
would  permit  the  preparation  of  such  life  tables." 

Although  data  may  be  lacking  on  which  to  base  estimates  of  future 
loss  of  service  life  due  to  age  and  use,  it  would  seem  that,  with  all  the 
data  available  with  respect  to  inadequacy  and  obsolescence,  there  might 
be  sufficient  to  estimate  in  a  general  way  v?hat  the  service  life  of 
railroad  equipment  is  under  varying  conditions  of  service.  Indeed, 
some  such  estimate  must  be  made  for  any  given  road,  in  order  to  fix 
reasonable  depreciation  allowances  for  equipment  as  required  by  the 
regulating  body.  An  estimate  prepared  with  care  for  any  given  unit 
from  a  large  number  of  data  covering  the  service  life  of  similar  units 
would  certainly  be  more  trustworthy  than  one  based  solely  on  an  ex- 
amination of  the  particular  unit.  Tables  showing  the  lives  of  certain 
units  will  be  found  in  Appendix  II. 

Depreciation  of  Overhead  General  Expense. — Shall  depreciation  be 
estimated  on  overhead  and  general  expense?     The  Committee  believes 
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that,  the  answer  depends  on  the  character  of  those  expenses,  and  divides 
them  into  two  classes:  (1)  Those  which,  like  promotion  expense,  pre- 
liminary and  location  surveys,  legal  and  other  expenses,  connected  with 
the  creation  of  the  property,  cannot  be  segregated  into  parts  assignable 
to  particular  units,  but  apply  to  the  property  as  a  whole;  (2)  Those 
which  would  be  incurred  were  the  units  to  be  reproduced,  not  as  a  part 
of  a  general  reproduction,  but  for  the  maintenance  of  the  property. 

Expenses  of  the  second  class  may  be  included  sometimes  in  unit 
prices,  but  are  not  always  entirely  separable.  Expenses  of  the  first 
class  cannot  be  thus  included.  The  test  as  to  whether  or  not  a  par- 
ticular item  of  overhead  shall  be  depreciated  is :  Will  it  be  incurred  in 
replacing  units  that  are  retired.  If  so,  it  is  part  of  the  cost  of  those 
items  the  service  life  of  which  is  being  consumed,  and  hence  will  be 
a  part  of  the  sum  to  be  depreciated  with  the  loss  of  service  life  of  those 
items.  If  not,  it  is  a  part  of  the  ever  continuing  property,  and  can 
suffer  no  depreciation  except  as  the  exchange  value  of  the  whole  prop- 
erty may  be  lowered,  in  which  case  everything  that  went  to  make  it 
loses  value. 

The  Committee  is  of  the  opinion  that  all  overhead  charges  which 
may  be  included  in  the  unit  prices  of  particular  units,  or  which  are 
specific  charges  against  particular  structures,  should  be  depreciated, 
if  the  particular  imits  or  structures  are  to  be  depreciated,  and  as  a 
part  of  the  cost  of  those  imits  or  structures;  that  all  overhead  charges 
which  would  be  incurred  in  replacement  of  units  but  which  may  not 
be  easily  separable  in  a  reproduction  cost  estimate,  should  be  depre- 
ciated by  the  average  depreciation  assigned  to  the  units  to  which  they 
belong;  that  overhead  charges  appertaining  to  the  property  as  a  whole 
and  not  to  be  reincurred  in  the  replacement  of  imits  should  not  be 
depreciated  at  all,  if  the  property  is  a  continuing  one. 

Depreciation  of  Valuation  Affected  hy  Accounting  Methods. — De- 
cretion  or  loss  in  service  life  being  always  present  in  any  going  prop- 
erty, the  cost  of  decretion  is  always  present.  Decretion  is  a  fact,  and 
is  independent  of  methods  of  accounting,  or  character  of  regulation, 
but  is  much  dependent  on  character  of  maintenance.  In  determining 
it,  one  is  not  helped  in  any  way  by  reference  to  the  accounting  methods. 
He  must  examine  the  property  units,  estimate  their  remaining  service 
lives,  know  their  elapsed  service  lives,  the  character  of  their  past 
service  and  maintenance,  and  the  prophecy  as  to  future  service  and 
maintenance.  To  estimate  the  cost  of  decretion  one  must  know, 
also,  the  costs  or  estimated  reproduction  costs  of  the  property  units, 
but  the  amount  of  the  estimate  and  whether  or  not  it  shall  be  treated 
as  depreciation  of  valuation  may  be,  and  very  probably  will  be,  de- 
pendent, at  least  in  part,  on  methods  of  accounting  for  depreciation 
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that  have  prevailed.     Whether  or  not  it  will  thus  depend  may  also 
depend  again  on  the  character  of  public  regulation. 

(o) — Eeplacement  Method. — If  by  order  or  sanction  of  a  regulating 
body,  or  by  ^ong  continued  proper  custom  under  no  regulation,  a  prop- 
erty has  been  maintained  in  normal  working  condition,  necessarily  less 
than  new  in  some  or  all  of  its  parts,  by  the  replacement  method,  and 
at  any  given  date  is  being  valued  for  any  public  purpose  and  at  that 
date  shows  normal  condition,  all  its  several  parts  being  in  as  good  con- 
dition as  could  be  expected,  the  accounts  showing  that  always  those 
amounts  have  been  expended  in  renewals  that  were  necessary  to  keep 
the  property  in  normal  working  condition,  and  the  fact  appearing  that 
no  expenditure  reasonably  to  be  expected  could  put  the  property  in 
better  than  the  normal  condition  in  which  it  is  found,  and  that  no  un- 
usually large  expenditure  is  presently  to  be  necessary  for  this  pur- 
pose, then,  in  spite  of  the  fact  that  there  is  an  existing  decretion  in  its 
several  parts,  there  should  be  found  no  depreciation  of  valuation. 
Under  the  method  of  accounting,  the  public  has  not  paid,  and  could  not 
pay,  for  the  accrued  depreciation,  and  under  this  condition  its  accrued 
obligation  to  pay  should  be  considered  an  asset  of  the  company  owner. 

If  parts  of  the  property  are  maintained  under  the  replacement 
method  and  part  by  some  proper  allowance  method,  except  as  noted 
below,  then  depreciation  of  valuation  should  be  found  with  respect  to 
those  parts  maintained  under  the  allowance  method,  but  this  deprecia- 
tion of  specific  physical  units  will  be  made  good  in  whole  or  in  part 
by  existing  funds  or  property  purchased  with  allowances,  either  or 
both  of  which  will  be  included  in  the  valuation  as  they  are  found. 

Railroads  are  properties  of  the  class  just  considered.  Their  owners 
have  long  maintained  the  greater  part  of  their  perishable  properties  by 
the  replacement  method,  and,  except  for  a  comparatively  recent  require- 
ment of  allowances  or  reserves  for  equipment,  this  method  has  been 
sanctioned  by  the  Interstate  Commerce  Commission.  Therefore, 
for  such  properties  as  are  found  in  normal  condition,  as  suggested 
above,  there  will  be  no  depreciation  of  valuation  for  those  items  main- 
tained by  the  replacement  method.  If  these  items  are  found  below 
normal  working  condition,  there  will  be  depreciation  of  valuation,  some- 
times called  deferred  maintenance,  and  it  will  be  measured  by  the  sum 
necessary  to  bring  the  items  to  normal  working  condition — not  new, 
the  initial  decretion  necessarily  present  in  such  items  in  normal  work- 
ing condition  being  ignored,  but  upon  restoration  to  normal  working 
condition,  the  integrity  of  the  investment  should  be  considered  to  be 
renewed. 

If  in  the  judgment  of  the  valuing  engineer,  the  replacement  method 
may  not  be  used  with  propriety  for  a  given  property,  either  because  not 
in  accordance  with  law,  or  because  the  method  is  not  adapted  to  the 
property,  then  whether  or  not  the  property  has  been  maintained  in  the 
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past  under  this  method  the  valuing  engineer  should  estimate  deprecia- 
tion in  the  amount  of  the  cost  of  the  decretion  he  finds.  There  can  be 
no  certainty  that  the  property  will  be  properly  maintained  in  the 
future.  , 

When  a  comparatively  new  property,  other  than  a  railroad,  is  to 
be  valued,  and  it  has  not  been  under  any  regulation  that  has  affected 
its  accounting  methods,  the  law  as  laid  down  in  the  Knoxville  decision 
would  seem  to  make  it  necessary  to  find  depreciation  of  valuation  in 
amount  equal  to  the  cost  of  decretion  found  for  all  items,  whether  or 
not  maintained  by  the  replacement  method.  The  Committee,  however, 
believes  that  this  may  work  hardship  and  injustice  in  some  instances, 
and  suggests  that  in  such  cases  the  facts  be  reported  with  such  recom- 
mendations as  to  equity,  as  may  seem  fair  to  the  engineer. 

The  public  utility  is  entitled  to  see  that  from  earnings  the  value 
of  the  property  invested  "is  kept  unimpaired"  and  that  "before  coming 
to  the  question  of  profit  at  all,  the  company  is  entitled  to  earn  a  suffi- 
cient sum  annually  to  provide,  not  only  for  current  repairs,  but  for 
making  good  the  depreciation  and  replacing  the  parts  of  the  property 
when  they  come  to  the  end  of  their  life".  This  is  a  reasonable  right, 
the  existence  of  which  permits  of  renewals  of  parts  of  a  property,  that 
can  be  called  current  repairs,  under  the  replacement  method. 

(&) — Allowance  Methods. — If  either  the  straight-line  or  sinking- 
fund  theory  has  been  used  in  computing  depreciation  and  the  method 
of  accounting  for  it  has  been  prescribed  by  a  regulating  body  or 
voluntarily  followed  by  a  company  owner  from  the  beginning,  the 
same  theory,  so  far  as  it  applies  to  the  property  in  question,  should  be 
used  for  estimating  the  cost  of  decretion,  and  the  entire  cost  so  found 
lessened  by  any  accumulated  depreciation  funds  will  appear  as  depre- 
ciation of  valuation,  unless  the  sinking-fund  method  of  accounting  has 
been  used.  In  the  latter  case,  if  the  valuation  has  to  do  with  the 
reasonableness  of  the  return  and  the  accounting  is  to  go  on  as  before, 
apparently-existing  depreciation  would  not  be  depreciation  of  valua- 
tion, and  therefore  would  not  be  deductable;  but  if  the  valuation 
has  to  do  with  condemnation  or  purchase,  then,  as  in  other  cases,  the 
apparently  existing  depreciation  is  depreciation  of  valuation,  and 
the  owner  should  receive  the  depreciated  value  of  the  physical  property 
and  the  existing  fund. 

As  has  been  said,  the  unit-cost  method  of  estimating  depreciation 
can  hardly  be  used  with  convenience  as  an  accounting  method.  When 
there  has  been  no  regular  depreciation  accounting  method  followed, 
the  unit  cost  method  for  estimating  depreciation  at  any  given  time  may 
be  used  with  fairness. 

The  Committee  has  advised  that  the  proper  interest  rate  to  be 
used  in  computing  depreciation  annuities  is  the  same  as  the  fair 
rate  of  return.    This  advice  pertains  to  present  and  future  accounting. 
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If,  however,  an  old  property,  that  has  been  properly  maintained  under 
the  sinking-fund  theory,  is  to  be  valued,  that  rate  of  interest  should 
be  used  in  computing  the  growth  of  theoretical  depreciation  that  has 
actually  been  realized  and  has  produced  the  existing  depreciation  fund 
or  reserve.  If  there  has  been  no  depreciation  accounting  and  it  is 
desired  to  estimate  the  accrued  depreciation  under  the  sinking-fund 
theory,  the  engineer  may  choose  the  interest  rate,  but,  inasmuch  as  new 
accounting  to  be  installed  after  the  valuation  or  rates  to  be  based  on 
the  valuation  should  include,  in  accordance  with  the  Committee's 
advice,  an  interest  rate  for  depreciation  equivalent  to  the  fair  return 
rate  on  capital,  it  is  suggested  that  this  same  rate  be  used  in  computing 
the  accrued  depreciation. 

Effect  of  Investing  Allowances  in  tJie  Property. — Under  the 
straight-line  or  compound-interest  method  of  accounting  it  is  con- 
templated that,  so  far  as  possible,  the  depreciation  allowances  shall 
be  invested  in  additions  or  betterments  to  the  property.  If  such  con- 
tributions of  the  public  toward  depreciation  of  existing  property  are 
invested  in  betterments  and  additions,  then  there  must  be  depreciation 
of  valuation  to  whatever  extent  cost  of  decretion  is  found,  because  in 
the  inventory  the  betterments  and  additions  made  with  the  deprecia- 
tion allowances  will  be  listed  as  part  of  the  property  to  be  valued  just 
as  are  the  original  items,  the  depreciation  allowances  for  which  were 
used  to  provide  the  betterments  or  additions.  There  will  be  no  off- 
setting funds,  but  there  will  be  property  contributed  by  the  public 
which  cannot  be  capitalized  and  for  which  credit  can  be  given  to  the 
public  only  by  deducting  an  equivalent  depreciation. 

If,  at  the  time  of  any  valuation,  not  all  the  contributions  of  the 
public  toward  depreciation  have  been  re-invested  in  the  property,  de- 
preciation of  valuation  should  still  be  found  in  the  amount  of  the 
estimated  cost  of  decretion  of  the  physical  property,  but  this  will  be 
offset  to  such  extent  as  other  assets,  such  as  cash  or  outside  securities, 
are  in  hand  representing  the  portion  of  allowances,  not  re-invested  in 
the  property,  but  held  for  this  purpose,  and  which,  therefore,  should 
be  inventoried  and  included  in  the  valuation. 

Effect  of  Regulation  on  Depreciation  of  Valuation. — Regulation 
which  determines  the  method  of  accounting  will  in  part  determine 
the  amount  of  depreciation  of  valuation  when  finding  "fair  value", 
because  it  determines  the  method  by  which  the  public  shall  pay  for 
the  loss  of  service  life. 

It  has  been  said  by  the  Courts  that  it  is  not  possible  to  go  into  the 
unregulated  past  to  find  losses  or  excessive  profits,  but  if  there  has 
been  regulation  determining  the  method  of  accounting  for  deprecia- 
tion from  the  beginning,  or  for  a  long  time,  and  this  regulation  has 
fixed  the  sums  to  be  included  in  the  earnings  for  depreciation,  it  should 
be  permissible  to  inquire  into  the  adequacy  of  these  sums.     It  seems 
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clear  that  in  this  respect  it  is  proper  to  go  back  into  the  past  and 
inquire  to  what  extent  the  public  has  compensated  for  the  loss  of  value 
due  to  loss  of  service  life.  If  the  regulating  body  has  prescribed  the 
replacement  method  for  the  whole  period  that  units  have  been  in 
existence,  then,  although  depreciation  may  exist,  it  is  not  depreciation 
of  valuation,  because,  under  the  method  of  accounting,  the  public 
has  not  paid,  and  could  not  pay,  for  the  accruing  depreciation,  and  is 
still  under  obligation  to  pay  for  it. 

Methods  of  accounting  in  force  at  the  present  time  which  make 
proper  provision  for  the  accruing  depreciation  should  not  have  full 
weight,  if,  in  previous  years  during  the  life  of  the  property  units, 
other  methods  were  in  use  which  did  not  make  proper  provision  for 
such  depreciation.  The  amount  of  depreciation  of  valuation  in 
such  cases  should  be  equivalent  to  the  accumulated  contributions  of 
the  public  for  depreciation  allowances  under  the  various  methods  of 
accounting  which  have  affected  the  property  unit  from  time  to  time. 
The  public  is  still  under  obligation  to  make  good  that  part  of  the  loss 
of  service  life  not  yet  paid  for,  and  this  obligation  should  be  con- 
sidered to  be  as  much  the  property  of  the  company  usable  to  offset 
accrued  depreciation  as  renewal  funds  or  property  actually  in  existence. 

Whether  or  not  this  reasoning  will  stand  in  any  case  is  for  the 
Court  to  determine.  Valuing  engineers  and  accountants  should  report 
what  they  find  as  to  the  actual  cost  of  decretion,  and  the  sums  which 
have  been  received  to  offset  such  cost,  under  the  methods  prescribed 
by  the  regulating  body  from  time  to  time.  They  may  give  their 
opinions  as  to  the  amount  of  depreciation  that  should  be  deducted 
from  cost  to  find  cost  less  depreciation  as  an  element  in  the  quantity 
known  as  "fair  value". 

If  regulation  has  not  fixed  accounting  methods,  but  has  limited 
the  earnings,  it  should  be  permissible  to  inquire  whether  the  limited 
earnings  have  been  sufficient  to  pay  operating  expense,  depreciation, 
and  fair  return.  If  so,  depreciation  found  should  be  considered  depre- 
ciation of  valuation  to  the  extent  warranted  by  the  accounting  methods 
lawfully  or  properly  followed;  if  not,  a  question  arises.  It  is  remem- 
bered that  the  duty  of  the  company  owner  is  first  to  maintain  the 
property  "before  coming  to  the  question  of  profit  at  all",  and  that 
it  is  the  duty  of  the  regulating  body  to  see  that  rates  are  such  as  to 
permit  the  company  owner  to  earn  operating  expense,  depreciation, 
and  fair  return.  If  the  regulating  body  has  made  sufficient  earnings 
impossible,  is  it  still  the  duty  of  the  company  owner  to  maintain  the 
property  before  paying  fair  return  to  its  security  holders?  If  it  is, 
depreciation  of  valuation  should  be  found  in  the  amount  of  the  total 
cost  of  decretion  or  so  far  as  warranted  by  the  accounting  methods 
followed.  If  not,  depreciation  found  should  not  be  considered  depre- 
ciation of  valuation   except  to   the  extent  covered  by   earnings   after 
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deducting  operating  expense  and  fair  return.  This  is  a  matter  of 
equity  to  be  determined  by  a  Court,  and  the  Committee  will  not 
venture  an  opinion.  If  under  regulation  the  property  is  a  losing 
venture,  it  is  not  included  in  the  class  of  properties  now  being  con- 
sidered. The  depreciation  existing  will  be  found  and  reported, 
together  with  all  pertinent  facts,  and  the  Court  will  determine  the 
equities  of  the  case. 

Concluding  Suggestions. — The  valuing  engineer  should  bear  in 
mind  that  when  a  company  owner  has  invested  a  reasonable  sum  in 
a  property  for  public  service,  it  is  entitled  to,  but  not  guaranteed,  a 
fair  return  on  its  investment,  so  long  as  the  money  remains  in  the 
property,  either  as  property,  or  funds,  or  accrued  public  obligation 
to  pay.  Therefore,  so  long  as  the  company  owner  keeps  a  sum  equiv- 
alent to  the  total  investment  at  work  for  the  public,  either  as  property 
serving  the  public,  or  funds  held  in  reserve  for  such  property,  no  policy 
should  be  followed  in  estimating  depreciation  that  will  reduce  the 
property  to  a  value  less  than  the  investment,  or,  when  using  cost  of- 
leproduction  less  depreciation  as  a  basis  of  "fair  value",  to  a  value  less 
than  the  cost  of  reproduction  of  that  part  of  the  property  estimated  to 
l.ave  been  created  with  company  funds,  acquired  by  gift  or  in  any  way 
not  the  result  of  public  contributions  to  cover  depreciation. 

Valuing  agencies  should  also  bear  in  mind  the  fact  that  for  30 
years,  until  1909,  the  Supreme  Court  of  the  United  States  not  only 
recognized  the  replacement  method  as  a  proper  method  for  the 
maintenance  of  public  utility  property,  but  disapproved  the  practice 
of  charging  the  public  with  depreciation  allowances  in  advance  of  the 
necessity  for  their  use,  holding  that  only  money  actually  expended 
could  be  charged  in  operating  expense  and  so  collected  from  the 
public.  In  1909  the  Court  apparently  reversed  itself  in  .the  Knoxville 
case.  For  the  purpose  of  the  present  discussion,  there  is  no  need  to 
speculate  as  to  the  strict  applicability  of  this  decision  to  all  kinds  of 
properties  or  property  units,  but  it  is  thought  to  be  proper  to  advise 
that  valuing  agencies  should  proceed  in  such  a  manner  with  respect  to 
depreciation  of  properties  that  grew  up  under  the  law  as  it  was  before 
1909,  so  that  such  properties  shall  not  be  unfairly  reduced  in  value  by 
strict  application  of  a  current  interpretation  of  the  Knoxville  decision  to 
all  their  parts.  If  the  law  changes,  equity  would  seem  to  demand 
Ihat  the  change  shall  not  be  retroactive;  and  it  may  be  said  fairly, 
u-e  think,  that  though  law  must  in  general  govern  in  all  matters  on 
which  it  speaks,  yet,  with  respect  to  such  matters  as  the  details  of 
valuation  of  public  utilities,  of  which  depreciation  is  one  of  import- 
ance, in  the  determination  of  which  there  never  can  be  more  than 
approximate  results,  and  concerning  which  the  minds  of  men  have 
been  and  are  changing,  equity  should  not  be  ignored. 
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Appreciation. 

Definition  and  Application. — Appreciation,  as  used  in  connection 
with  the  valuation  of  public  service  properties,  according  to  the 
definition  given  in  the  Glossary  "is  generally  restricted  to  physical 
items,  and  measures  their  gain  in  value  due  to  age,  use,  and  properly 
directed  labor.  Its  principal  application  in  connection  with  railroads 
is  to  roadbed,  which,  for  instance,  is  increased  in  value  by  solidification 
and  grassing  of  slopes." 

Appreciation,  therefore,  represents  the  improvement  in  quality  and 
usefulness  of  certain  parts  of  the  physical  properties  of  a  railroad  or 
other  public  utility  property,  and  it  results  from  the  lapse  of  time 
from  work  not  specifically  charged  to  capital  account,  from  main- 
tenance, from  use,  etc.,  and  covers  items  not  represented  either  by 
the  quantities,  or  unit  prices,  that  are  determined  in  connection  with 
a  valuation. 

Upon  a  railroad,  appreciation  is  found  in  connection  with  roadbed, 
both  in  cuts  and  fills  and  in  the  modification  of  embankments;  the 
'general  improvement  of  the  slopes  through  various  forms  of  protec- 
tion of  both  embankments  and  cuts ;  and  improvement  of  drainage 
facilities  along  the  roadbed,  and  right  of  way  in  general. 

In  the  case  of  irrigation  works,  appreciation  may  be  realized  upon 
dams,  canals,  and  embankments,  particularly  when  not  originally  built 
with  great  care. 

Its  determination  is  difficult,  and  care  must  be  exercised  lest  any 
of  the  allowances  be  duplicated  in  development  expense. 

General  Principles. — In  the  case  of  the  San  Joaquin,  etc..  Canal  Co. 
vs.  Stanislaus  County,  et  al.,  191  Fed.,  875,  in  which  was  involved  the 
value  of  certain  canals,  the  Company  claimed  that  the  earthwork  had 
appreciated  in  value,  the  claim  being  that,  by  the  lapse  of  time  and 
by  reason  of  the  packing  of  the  banks  and  the  silting  of  the  canals, 
an  additional  value  had  come,  in  the  way  of  avoiding  breaks  and  in 
preventing  the  loss  of  water  by  seepage.  Judge  Morrow,  in  reviewing 
the  findings  of  the  master,  quoted  from  various  Supreme  Court  deci- 
sions to  the  effect  that  a  public  utility  property  is  entitled  to  earn  a 
fair  return  upon  the  reasonable  value  of  its  property,  at  the  time  it  is 
being  used  for  the  public,  and  added: 

"We  then  have  this  rule  for  ascertaining  the  value  of  a  plant  of 
the  character  of  that  owned  by  the  complainant  in  this  case :  Find  the 
cost  of  reproduction  as  of  the  date  of  the  use  in  question  and  then  from 
this  cost  deduct  the  depreciation  that  has  occurred  from  age  and 
usage." 

The  master  to  whom  the  case  was  referred  having  determined  that 
depreciation  should  be  deducted,  said : 

"Likewise  it  would  seem  to  me  ~  that  if  by  reason  of  a  lessened 
amount  of  depreciation,  the  canals  of  complainant   in  their  present 
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condition  are  capable  of  delivering  more  water,  thereby  producing 
greater  revenues  to  the  Company,  it  would  be  of  more  value  than  a 
canal  estimated  on  the  b^^is  of  the  reconstruction  figures  aforesaid." 

The  master,  however,  was  not  satisfied  with  the  evidence  submitted 
as  to  the  amount  of  depreciation  or  appreciation,  and  held: 

"After  a  careful  examination  of  all  the  testimony  on  this  question 
1  find  that  I  am  unable  to  make  either  a  calculation  as  to  appreciation 
or  depreciation  of  the  earthworks  of  the  canal  and  shall  assume  that 
the  one  offsets  the  other." 

Circuit  Judge  Morrow,  when  he  reviewed  the  case  (page  855), 
stated : 

''After  carefully  reading  the  testimony  on  this  subject  I  have 
reached  the  same  conclusion  the  master  did  with  respect  to  this  claim." 

In  this  case,  therefore,  appreciation  was  acknowledged;  but  the 
one  was  considered  to  offset  the  other. 

In  the  Minnesota  Rate  case,  where  the  value  of  railroad  property 
was  sought  to  be  determined  through  the  cost-of-reproduction  method, 
and  where  the  Court  below  found  that  appreciation  and  depreciation 
existed  in  practically  equal  amounts,  so  that  the  one  offset  the  other. 
Justice  Hughes  stated,  in  settlement  of  the  matter: 

"If  there  are  items  entering  into  the  estimate  of  cost  which  should 
be  credited  with  appreciation  this  also  should  appear,  so  that  instead 
of  a  broad  comparison  there  should  be  specific  findings  showing  the 
items  which  enter  into  the  account  of  physical  valuation  on  both  sides." 

It  appears  from  this  decision  that  there  can  be  no  general  offsetting 
of  appreciation  against  depreciation,  but  that  appreciation  must  be 
determined  separately  from  depreciation. 

Determination  and  Estimation  of  Appreciation. — It  is  now  con- 
ceded that  all  items  that  are  measurable  by  units,  such  as  rip-rap,  pro- 
tection of  slopes  by  sodding  or  other  forms  of  vegetation,  in  whatever 
manner  it  has  been  secured,  should  be  measured  and  unit  prices  at- 
tached, and  the  value  of  rip-rap,  sodding,  and  other  forms  of  slope 
protection  should  be  determined  in  that  manner;  and  that  this  method 
should  be  followed  in  valuing  common  carrier  properties,  and  other 
public  service  properties,  such  as  dams,  protected  embankments  of 
reservoirs,  etc. 

There  are  two  forms  of  appreciation  that  are  particularly  applicable 
to  railroad  properties;  one  is  described  by  the  terms  "Solidification  and 
Seasoning",  and  the  other  by  the  term  "Adaptation". 

Solidification  and  seasoning  are  found  in  railroad,  canal,  and  other 
embankments,  and  along  the  slopes  of  railroad  cuts.  They  are  pro- 
duced by  compacting  under  the  action  of  the  elements;  through  use, 
such  as  the  running  of  trains  of  a  common  carrier;  through  the  skillful 
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direction  of  labor,  of  a  common  carrier  or  other  public  service  corpora- 
tion, in  checking  wastes  on  the  slopes  of  embankments,  and  encourag- 
ing the  growth  of  vegetation : — the  final  resillt  being  a  solidified  condi- 
tion of  the  entire  roadbed  or  other  form  of  construction  with  greater 
compactness  in  the  case  of  banks,  and  the  drying  out  of  cuts  and  the 
solidification  of  the  slopes  of  cuts.  The  results  of  solidification  and 
seasoning  are  a  reduction  in  the  cost  of  maintenance  of  the  property 
of  any  conunon  carrier,  or  the  property  of  any  public  service  corpora- 
tion that  receives  any  form  of  protection  due  to  age  and  the  action  of 
the  elements,  combined  with  properly  directed  maintenance  labor. 
Rip-rap  becomes  more  settled,  compact  and  secure;  trees  and  shrubs, 
planted  for  ornamentation  or  snow  protection,  increase  in  usefulness 
and  value  with  age  and  care.  In  railroad  property  a  higher  value  is 
evidenced  by  the  fact  that  trains  can  be  run  at  greater  speed  and  with 
greater  safety;  and  that  the  expense  of  operation  is  reduced,  and 
fewer  accidents  occur,  after  many  years  have  passed  since  the  property 
was  a  completed  new  one. 

It  is  generally  conceded  that  appreciation  in  the  form  of  solidifica- 
tion and  seasoning  continues  over  a  long  period  of  years.  For  example, 
a  railroad  40  years  old  is  much  better  than  one  5  years  old.  In 
measuring  all  forms  of  appreciation  which  may  occur,  however,  it  is 
necessary  to  have  a  full  knowledge  of  what  methods  have  been  used 
by  common  carriers  in  process  of  construction  and  in  the  period  of 
physical  development  following  the  construction  period.  A  railroad 
property  is  not  a  finished  product  when  the  construction  forces  have 
put  its  parts  together  and  turned  it  over  to  the  operating  department. 
The  subsequent  work  done  upon  it,  and  the  quantities  subsequently 
added  to  it  to  produce  the  finished  product,  should  be  covered  by  the 
cost  of  reproduction  rather  than  under  appreciation. 

Take,  for  example,  the  Virginian  Railway,  444  miles  long;  track- 
laying  was  started  in  1905 ;  train  service  was  begun  on  some  parts  of 
the  line  in  1907;  operation  was  begun  under  difficulties  in  1910;  bal- 
lasting, etc.,  was  completed  in  1915.  In  the  8  years  (1907  to  1914, 
inclusive),  during  which  physical  development  period  the  first  stage 
of  solidification  was  in  progress,  the  excess  cost  of  ordinary  labor  per 
mile  of  track  totaled  $1  630. 

Again,  on  the  Big  Sandy  low-grade  line  of  the  Norfolk  and  Western 
Railway,  59  miles  long,  tracklaying  was  started  in  November,  1903, 
and  operation  was  begun  under  difficulties  in  1904,  with  some  con- 
struction work  in  progress  until  1907.  During  the  3  years  of  the 
physical  development  period,  while  some  construction  work  was  still 
under  way  and  the  first  stage  of  solidification  was  in  progress,  the 
excess  cost  per  mile  of  ordinary  section  labor  was  $3  090  more  than 
that  during  the  3  years  immediately  following. 
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The  items  of  cost  in  general  maintenance  labor,  such  as  these  in- 
curred during  the  period  between  the  beginning  of  the  operation  of 
any  portion  of  a  railroad  and  the  final  completion  thereof  by  full 
ballasting,  etc.,  which  generally  covers  a  period  of  several  years,  is  an 
item  of  cost  to  the  property,  whether  it  is  charged  to  construction 
accounts  or  not;  and  it  most  frequently  has  not  been  so  charged  in 
the  past.  Hence,  in  determining  the  cost  of  reproduction  new  of  a 
property,  this  item  of  cost,  which  will  vary  in  different  sections  of  the 
country,  as  showai  by  the  two  examples,  the  extreme  case  given  being 
in  a  difficult  country,  so  far  as  control  of  slopes  is  concerned,  must  be 
added  to  the  cost  of  reproduction  as  determined  by  measurable  units. 
Care  should  be  taken  in  analyzing  these  costs  that  they  may  not  be 
duplicated  in  reproduction  cost  or  appreciation  and  in  development 
expense. 

In  addition  to  this,  however,  there  is  an  increased  value  that  comes 
to  such  a  property  by  reason  of  solidification  and  seasoning,  due  pri- 
marily to  time  and  use,  that  continues  for  many  years  after  the  entire 
completion  of  a  railroad. 

Adaptation. — Adaptation  is  the  adjustment  of  the  physical  prop- 
erty to  its  environment  and  purposes,  and  is  brought  about  in  the 
course  of  time  by  the  action  of  the  elements  combined  with  labor.  For 
example,  in  the  case  of  a  stream,  where  by  successive  floods  the  stream 
may  deepen  and  scour  out  its  channel  and  make  more  safe  adjacent 
embankments.  After  a  railroad  is  in  operation,  many  changes  are 
made  in  roads  and  drainage,  as  between  the  railroad  and  adjoining 
lands,  all  traces  of  which  are  lost  in  a  few  years  thereafter;  likewise, 
culverts  originally  built  are  found  to  be  too  small  and  are  necessarily 
enlarged,  or  the  approaches  and  outlets  are  changed.  Briefly,  there- 
fore, adaptation  is  exemplified  in  improvement  in  drainage,  both  on 
the  right  of  way  and  outside  the  limits  of  the  right  of  way,  which  has 
been  made  from  time  to  time  by  the  forces  of  the  railroad  company 
or  other  public  service  corporations,  the  value  of  which  cannot  be 
determined  by  measuring  items  of  quantity  at  the  date  of  valuation. 
It  is  an  item  of  charge  to  the  cost  of  reproducing  a  roadbed  or  dams, 
canals,  and  embankments  of  the  class  mentioned,  of  the  drainage  area 
in  connection  with  the  dam  of  a  water  company.  This  class  of  appre- 
ciation should  be  taken  into  consideration  along  with  solidification  and 
seasoning. 

The  best  method  of  estimating  appreciation  due  to  solidification, 
seasoning,  and  adaptation  appears  to  be  by  comparing  the  cost  of 
maintaining  a  new  road,  directly  after  it  has  been  entirely  completed, 
with  the  cost  of  maintaining  an  old  road  in  the  same  district  under 
similar  conditions  of  traffic. 

In  one  case  of  a  western  railroad  the  cost  of  maintenance  of  a  new 
line,  175  miles  long,  was  compared  with  the  cost  of  maintenance  of  an 
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old  line  of  the  same  length.  In  2^  years  the  excess  cost  spent  on 
the  new  road,  to  make  it  comparable  with  the  old  one,  aggregated 
$1  400  per  mile. 

Another  way  is  to  assign  a  direct  percentage  to  the  grading 
quantities. 

In  California  allowance  was  made  of  2%  a  year  for  5  years  on  all 
earth  and  loose  rock  quantities,  and  1%  per  year  on  all  solid  rock  quan- 
tities, for  solidification  and  seasoning.  This  might  be  used  as  a 
minimum,  to  which  should  be  added  $600  per  mile  for  all  roads  more 
than  5  years  old. 

Care  must  be  taken  in  estimating  appreciation  that  items  of  labor 
and  expense,  included  therein,  may  not  be  duplicated  in  development 
expense. 
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CHAPTER  VII. 


DEVELOPMENT  EXPENSE. 

The  Nature  of  Development  Expense. 

The  Committee  recognizes  two  principal  periods  in  the  creation 
of  a  going  concern  operating  a  physical  property  for  the  production 
of  a  commercial  commodity,  be  that  commodity  water,  gas,  electricity, 
sugar,  textiles,  or  any  other  thing,  or  the  transportation  of  persons, 
property,  or  thought.     These  two  periods  are: 

1. — The  construction  period,  which  covers  the  interval  from  the 
inception  of  the  enterprise  to  the  beginning  of  regular  oper- 
ation. 
2. — The  development  period,  which  covers  the  interval  from  the 
beginning  of  regular  operation  to  the  time  when  efficiency 
and  profitableness  of  operation  shall  have  been  achieved. 

Corresponding  with  the  two  periods  recognized,  the  Committee 
divides  costs  into  two  classes — construction  costs  and  development 
expense.  The  estimated  cost  of  construction  includes  all  costs  incurred 
during  the  construction  period,  and,  as  will  appear,  may  include  cer- 
tain costs  incurred  during  the  development  period. 

Development  expense  is  of  two  kinds:  (a)  the  cost  of  tuning  up 
the  physical  property  and  bringing  it  to  present  operating  efficiency; 
and  (6)  the  cost  of  acquiring  the  business. 

The  cost  of  tuning  up  the  property  and  bringing  it  to  its  present 
state  of  operating  efficiency  stops  at  the  end  of  what  may  be  called  the 
physical  development  period,  which  is  usually  included  within  the 
development  period  as  previously  defined,  and  the  cost  may  be  included 
in  the  cost  of  construction. 

The  cost  of  acquiring  the  business  usually  extends  throughout  the 
development  period,  though  there  are  cases  in  which  a  profitable 
business  develops  at  the  very  beginning. 

The  physical  development  cost,  which  should  be  included  as  a  part 
of  the  construction  cost,  comprises  the  items  of  work  required  to  bring 
the  property  to  an  efficient  operating  condition,  such  as:  the  extra 
work  required  on  new  embankments  to  maintain  tracks  in  proper 
operating  condition;  the  cost  of  testing  and  sometimes  of  re-adjusting 
and  remodeling  all  sorts  of  machines  to  make  them  operate  properly, 
or  to  increase  their  efficiency;  the  making  good  of  defects  which  have 
become  visible  after  a  property  becomes  operative;  and  a  great 
variety  of  other  expenses  incidental  to  the  first  operation  of  a  prop- 
erty, which  are  not  incurred  in  subsequent  years  after  that  same 
property  has  reached  full  operating  efficiency. 
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The  Committee  also  recognizes  going  value,  as  defined  by  it,  as 
quite  independent  of  development  expense,  and  discusses  it  in  Chapter 
Vni  on  Intangible  Value. 

Development  Expense  as  a  Part  of  Original  Cost. 

On  the  basis  of  original  cost,  the  development  expense  in  any  one 
of  the  early  years  when  the  earnings  are  deficient  will  be  obtained 
by  deducting  the  actual  receipts  from  the  gross  amount  that  the  owner 
of  the  property  is  entitled  to  earn  in  that  year.  Such  gross  amount  is 
the  sum  of  these  items : 

(a)   The  expenditures  for  operating  expenses  and  taxes; 

(&)  A  sum  to  offset  the  waste  of  capital  through  depreciation; 

(c)  A  sum  representing  a  fair  return  on  the  investment,  includ- 
ing money,  and  the  money  value  of  services  and  of  other  con- 
siderations. 

The  difference  between  the  actual  and  the  fair  gross  receipts  for 
the  first  year  is  the  development  cost  for  the  year,  which  should  be 
added  to  the  investment  at  the  beginning  of  the  second  year  in 
order  to  obtain  a  basis  for  estimating  fair  return  for  that  year.  By 
following  the  same  course  for  successive  years,  adding  the  develop- 
ment cost  for  each  year  until  there  is  no  further  deficiency  of  earnings, 
a  sum  will  be  reached  which  will  represent  the  amount  of  the  invest- 
ment at  the  end  of  the  development  period,  and  the  difference  between 
the  investment  at  the  beginning  of  operation  and  at  the  end  of 
the  development  period  will  represent  the  development  expense. 

It  should  be  noted  that  the  development  cost  obtained  in  the  manner 
recommended  includes  also  the  physical  development  costs  of  those 
years  when  the  earnings  were  deficient.  So  far  as  possible,  these  should 
be  separated  from  the  total  sum  found,  and  included  as  a  part  of  the 
construction  cost  of  the  physical  property. 

After  the  property  originally  built  has  attained  adequate  and 
steadily  maintained  earning  capacity,  the  ordinary  additions  of  subse- 
quent years  may  involve  little  or  no  additional  development  expense, 
except  for  the  cost  of  testing  and  tuning  up  plant  units,  because  there 
will  be  no  deficiency  of  earnings  caused  by  such  additions,  but,  from 
time  to  time,  additions  may  be  made  of  such  magnitude  that  the 
earnings  will  again  become  temporarily  deficient. 

Losing  Venture. — Fair  dealing  demands  that  the  development  ex- 
pense actually  incurred  in  tuning  up  and  developing  the  business  of 
a  normal  property  be  properly  recognized,  and  the  Committee  believes 
there  is  no  more  equitable  way  of  doing  this  under  normal  conditions 
than  by  including  it  as  a  part  of  the  capital  account.  It  recognizes, 
however,  that  there  may  be  abnormal  conditions  under  which  this 
method    should    not    be    followed,    as,    for    instance,    where    the    net 
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receipts  are  unnecessarily  low  on  account  of  bad  management,  or  where 
bad  judgment  has  been  used  in  the  location  or  design  of  the  plant,  so 
that  the  property  is  bound  to  be  a  "losing  venture". 

It  does  not  seem  desirable  that  the  general  rule  should  be  niodiiied 
because  of  these  exceptions.  In  the  application  of  the  rule  to  specific 
cases,  it  will  not'  be  especially  difficult  to  distinguish  between  profitable 
properties  and  distinctly  losing  ventures,  but  it  may  be  difficult  to 
distinguish  legitimate  development  expense  from  the  cost  of  bad 
management,  in  connection  with  those  properties  that  are  neither 
verj-  profitable  nor  distinctly  losing  ventures. 

Amortization  v.  Capital  Charge. — It  is  sometimes  urged  that, 
although  development  expense  is  a  real  expense  incurred  in  devel- 
oping a  property  and  its  business,  that  part  which  is  not  a  con- 
struction cost  should  be  separated  from  other  costs  and  repaid 
by  means  of  earnings  in  excess  of  a  fair  return  on  the  ''fair 
value"  of  the  property  as  soon  as  practicable  after  the  business  has 
increased  to  such  an  extent  that  excess  earnings  may  be  obtained 
by  the  maintenance  of  the  previously  existing  rates.  This  requires 
the  maintenance  of  the  high  initial  rates  for  a  longer  period  than  would 
be  necessary  if  the  development  expense  is  included  in  the  return  base. 

When  it  is  thus  included,  the  deficiencies  in  the  early  years  are 
made  good  by  the  greater  earnings  throughout  all  subsequent  years, 
resulting  from  the  larger  return  base  on  which  earnings  are  predicated. 
The  inclusion  of  development  expense  in  the  return  base  appears  to 
have  advantages  in  that  it  furnishes  a  more  definite  and  simple  method 
of  accounting,  and  permits  the  adoption  of  normal  rates  at  an  earlier 
period  than  luider  the  other  plan.  The  cost  of  developing  the  business 
is  just  as  much  a  part  of  the  cost  of  producing  the  property,  as  is. 
the  cost  of  the  physical  items.  Moreover,  the  Committee  sees  no 
reason,  in  principle  or  in  equity,  why  this  element  of  cost  should  be 
amortized,  any  more  than  the  cost  of  the  physical  property. 

Difficulties. — In  the  determination  of  development  expense  there 
may  be  difficulty  in  determining  what  is  a  fair  return,  not  only  because 
of  possible  differences  of  opinion  as  to  what  is  a  proper  percentage  to 
adopt  as  a  return  on  investment,  but  because  of  the  difficulty  in  deter- 
mining a  proper  sum  for  the  depreciation  allowance  to  be  used  in  com- 
puting the  gross  fair  earnings.  This  difficulty  is  minimized  if  the  at- 
tempt is  made  to  determine  these  sums  only  for  the  first  few  years  of 
the  life  of  a  property,  when  there  is  a  deficiency  of  earnings,  and  is 
greatly  increased  if  the  attempt  is  made  to  determine  the  fair  return 
and  the  proper  depreciation  allowances  for  a  series  of  years,  while 
the  deficiencies  are  being  offset.  Practical  attempts  to  determine  the 
net  excess  or  deficiency  of  earnings  in  a  long  series  of  years,  in  the  case 
of  properties  of  considerable  age,  have  shown  that  a  slight  difference 
in   the  percentage  assumed  for  the  fair  return  will  cause  such  very 
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great  variation  in  the  estimated  development  expense  as  to  show  that 
the  method  will  not  give  trustworthy  results  when  applied  to  most 
existing  properties. 

The  Committee  recognizes  that  public  regulating  bodies  having 
control  of  both  the  accounting  and  the  rate-making  of  the  utility 
from  the  beginning  of  its  operation  may  in  the  future  adopt  other 
methods  which  will  offset  such  losses  or  amortize  them,  but  these 
methods  should  not  be  applied  to  existing  properties. 

The  Courts  have  ruled  that  the  effects  of  regulation  cannot  be  made 
retroactive,  and  that  one  cannot  go  into  the  "unregulated  past". 

Ames  V.  Union  Pacific,  64  Fed.,  165,  176  (1894).  Mr.  Justice 
Brewer.  "The  same  rule  controls  if  a  railroad  property  is  sought 
to  be  appropriated.  No  inquiry  is  open  as  to  whether  the  owner  has 
received  gifts  from  States  or  individuals,  or  whether  he  has  as  owner 
managed  the  property  well  or  ill,  or  so  as  to  acquire  a  large  fortune 
therefrom.  It  is  enough  that  he  owns  the  property,  has  the  legal 
title ;  and  so  owning,  he  must  be  paid  the  actual  value  of  that  property. 
if  he  has  done  any  wrong  in  acquiring  or  using  the  property,  that 
\vrong  must  be  redressed  in  a  direct  action  therefor,  and  cannot 
be  made  a  factor  in  condemnation  proceedings.  These  propositions 
in  respect  to  condemnation  proceedings  are  so  well  settled  that  no 
one  ever  questions  them.  The  same  general  ideas  must  enter  into 
and  control  legislation  of  the  kind  before  us  [rate  regulation]." 

Public  Service  Gas  Co.  v.  Board  of  Public  Utility  Commissioners, 
N.  J.,  87  Atl.,  651  (1913),  which  was  sustained  by  the  Supreme  Court 
of  New  Jersey,  87  Atl.,  657  (1913). 

"But  as  we  have  indicated  above,  the  business  thus  acquired  must 
be  regarded  as  a  legitimate  part  of  the  property  of  the  company.  We 
cannot  equitably  project  back  into  the  unregulated  past  a  nome  of 
prices  that  might  to-day  be  regarded  as  fair  and  adequate,  and  assume 
that  actual  rates  exacted  in  the  past,  in  so  far  as  they  exceed  what 
are  now  deemed  fair,  have  not  lawfully  become  the  property  of  the 
company.  If  these  high  rates  in  the  past  have  been  employed  by  the 
company  to  acquire  an  intangible  property  in  the  shape  of  extensive 
patronage,  that  expectation  of  patronage  is  theirs  and  on  its  fair 
value  the  company  is  entitled  to  a  return.  It  may  or  may  not  be  a 
subject  of  regret  that  regulation  was  so  long  deferred;  but  deferred 
regulation  is  no  excuse  for  refusing  at  present  to  allow  a  fair  return 
upon  what  is  the  lawful  property  of  the  company." 

Therefore  the  Committee  holds  that  development  expense  cannot 
fairly  be  assumed  to  have  been  amortized  in  the  past  in  old  properties 
by  excessive  earnings,  and  that  it  should  be  included  in  present  valua- 
tion, whatever  changes  in  policy  as  to  future  costs  or  increments  in 
value  may  be  made  by  the  regulating  body  hereafter.  Moreover,  the 
Committee  thinks  that  in  future  regulation  it  is  sounder  public  policy 
not  to  amortize  development  expense. 
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The  determination  of  the  proper  rate  of  return  is  a  matter  to 
be  decided  by  the  Courts  or  regulating  bodies,  and  an  engineer,  in 
making  an  estimate  of  development  expense  in  the  manner  recom- 
mended, should  state  the  rate  of  return  on  which  it  is  based,  so  thai 
the  Court  or  conmiission  will  have  the  means  of  modifying  the  estimate. 

Development  Expanse  as  a  Part  of  Reproduction  Cost. 

The  foregoing  discussion  relates  to  development  expense  as  a  part 
of  the  determination  of  the  original  cost  of  a  normal  property,  and, 
as  it  is  a  real  cost  in  connection  with  the  original  property,  it  is  also 
a  proper  element  to  include  in  reproduction  cost,  but  the  difficulties 
of  determining  the  development  expense  of  reproduction  cost  are 
greater  than  in  the  case  of  original  cost,  because  of  the  assumptions 
which  it  is  necessary  to  make. 

Shall  it  be  assumed  that  the  development  expense  will  be  based 
on  the  conditions  which  existed  when  the  various  parts  of  the  property 
were  created,  or  on  the  expense  that  would  be  involved  if  the  property 
were  to  be  re-created  under  the  conditions  existing  at  the  time  of  valua- 
tion? Shall  it  be  asssumed  that  the  existing  business  is  ready  and 
waiting,  or  that  it  has  to  be  re-acquired  at  the  time  of  valuation? 

If  the  property  under  consideration  has  grown  by  additions  made 
from  time  to  time,  so  that  it  is  now  several  times  as  large  as  when 
originally  constructed,  there  would  be,  on  the  basis  of  the  conditions 
which  existed  when  the  property  was  created,  a  large  percentage  for 
development  expense  in  connection  with  the  original  property,  because 
there  had  to  be  an  actual  acquisition  of  business  at  that  time;  but, 
on  the  other  hand,  there  would  be  a  very  small  percentage  of  develop- 
ment expense  attributable  to  the  additions. 

If  based  on  reproduction  under  existing  conditions,  the  develop- 
ment expense  would  apply  to  the  entire  property  reproduced. 

The  Committee  believes,  as  already  indicated,  that  development 
expense  is  a  real  cost  in  the  production  of  a  going  property,  and  that 
it  should  not  be  ignored  ,  in  the  reproduction  cost.  It  is  somewhat 
difficult  of  determination  in  any  case,  by  reason  of  the  necessity  of 
distinguishing  between  proper  deficits  and  deficits  due  to  management, 
in  ordinary  properties  which  are  neither  very  profitable  nor  losing 
ventures,  but  no  such  difficulty  of  estimation  should  prevent  its 
inclusion,  when  present,  and  when  its  amount  is  estimated  as  well  as 
possible.  It  is  especially  a  feature  of  valuation  which  should  depend 
on  reasonable  assumptions  based  on  known  occurrences  in  connection 
with  the  property  under  consideration  or  similar  properties  in  other 
cases. 

Attitude  of  Courts  and  Commissions. 

Development  expense  has  been  generally  recognized  in  recent  years 
by  both   Courts   and  commissions,  usually  under  the  title  of  "going 
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value".  Sometimes  these  bodies  have  used  the  terms  "going  value" 
and  "going  concern  value"  to  represent  the  intangible  values  of  a 
going  concern  as  compared  with  a  dead  one,  but  many  times  the  terms 
are  used  with  a  meaning  corresponding  to  the  definition  of  development 
expense  given  by  the  Committee. 

Going  Value  (Development  Expense)  Discussed. — A  very  complete 
discussion  of  going  value  is  given  by  Judge  Miller  of  the  New  York 
Court  of  Appeals  in  the  Kings  County  Lighting  case  (People  ex  rel. 
Kings  County  Lighting  Co.  v.  Willcox,  210  N.  Y.,  479,  March  24, 
1914).  He  gives  (at  page  492)  the  following  definition  of  going  value, 
which  agrees  closely  with  the  definition  of  development  expense  adopted 
by  the  Committee,  and  the  decision,  although  using  the  term  "going 
value",  may  be  considered  as  relating  to  development  expense. 

"I  define  'going  value'  for  rate  purposes  as  involved  in  this  case 
to  be  the  amount  equal  to  the  deficiency  of  net  earnings  below  a  fair 
return  on  the  actual  investment  due  solely  to  the  time  and  expenditures 
reasonably  necessary  and  proper  to  the  development  of  the  business  and 
property  to  its  present  stage,  and  not  comprised  in  the  valuation  of 
the  physical  property." 

This  case  was  one  in  which  an  appeal  was  made  from  the  Court 
below,  and  four  questions  were  asked.  The  one  relating  to  develop- 
ment expense  was  as  follows  (at  page  481)  : 

"(1)  Was  the  relator  entitled,  upon  the  facts  shown  in  the  record, 
to  have  the  commission  make  an  allowance  for  going  value  in  deter- 
mining the  value  of  the  relator's  property  used  in  the  public  service?" 

The  opinion  is  too  long  to  reproduce  in  full  in  this  place,  but  the 
more  pertinent  parts  are  as  follows : 

"It  is  now  generally  recognized  that  'going  value',  as  distinct  from 
'good  will',  is  to  be  considered  in  valuing  the  property  of  a  public 
service  corporation  either  for  the  purpose  of  condemnation  or  rate 
making,  but  there  is  a  wide  divergence  of  view  as  to  how  it  is  to  be 
considered." 

******* 

"The  difficulty  of  determining  'going  value'  will  not  justify  the 
disregarding  of  it.  Rate  making  is  difficult.  But  that  will  not  justify 
confiscation.  The  difficulty,  however,  will  lessen,  as  it  does  in  most 
cases,  when  we  cease  to  think  about  the  subject  vaguely.  What  then, 
is  'going  value',  and  how  is  it  to  be  appraised? 

"It  takes  time  to  put  a  new  enterprise  of  any  magnitude  on  its  feet, 
after  the  construction  work  has  been  finished.  Mistakes  of  construc- 
tion have  to  be  corrected.  Substitutions  have  to  be  made.  Economies 
have  to  be  studied.  Experiments  have  to  be  made,  which  sometimes 
turn  out  to  be  useless.  An  organization  has  to  be  perfected.  Busi- 
ness has  to  be  solicited  and  advertised  for.  In  the  case  of  a  gas 
company,  gratuitous  work  has  to  be  done,  such  as  selling  appliances 
at   less  than   a   fair  profit   and  demonstrating  new  devices   to   induce 
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consumption  of  gas  and  to  educate  the  public  up  to  the  maximum  point 

of  consumption." 

******  -x 

"To  view  the  matter  in  another  aspect,  take  the  case  of  a  public 
service  corporation  with  a  plant  constructed  just  ready  to  serve  the 
public.  It  is  going  to  take  time  and  cost  money  to  develop  the  highest 
efficiency  of  the  plant  and  to  establish  the  business.  Three  courses 
seem  to  be  open  with  respect  to  rate  making,  viz. :  1,  to  charge  rates 
from  the  start  sufficient  to  make  a  fair  return  to  the  investor  and 
to  pay  the  development  expenses  from  earnings,  a  course  likely  to 
result  in  prohibitive  rates  except  under  rare  and  favorable  circum- 
stances; 2,  to  treat  the  development  expenses  as  a  loss  to  be  recouped 
out  of  earnings,  but  to  be  spread  over  a  number  of  years,  in  other  words, 
as  a  debt  to  be  amortized,  that  involves  complications,  but  would  seem 
to  be  fairer  to  the  public  and  certainly  more  practical  than  the  first; 
3,  to  treat  the  development  expenses,  whether  paid  from  earnings  or 
not,  as  a  part  of  the  capital  account  for  the  pvirpose  of  fixing  the 
charge  to  the  public.  The  last  course  would  seem  to  be  fairest  to  both 
the  public  and  the  company,  as  well  as  the  most  practical. 

''It  may  be,  as  is  urged,  that  a  well-conducted  enterprise  will 
charge  the  cost  of  developing  the  business  to  operating  expenses,  and 
that  it  would  open  the  door  to  an  overissue  of  securities  to  permit  the 
capitalization  of  early  losses.  In  answer,  it  is  sufficient  to  say  that  we 
are  dealing,  not  with  proper  methods  of  bookkeeping,  not  with  the 
proper  capitalization  upon  which  to  issue  securities,  but  solely  with  the 
fair  return  which  the  company  is  entitled  to  receive  from  the  public. 
Treating  a  reasonably  necessary  and  proper  outlay  in  building  up  a 
business  as  an  investment  for  the  purpose  of  determining  the  fair 
rate  of  return  to  be  charged  is  far  from  holding  that  it  should  be 
treated  as  capital  against  which  securities  might  be  issued. 

"We  do  not  say  as  matter  of  law  that  the  third  course  above  out- 
lined should  be  adopted  as  an  original  proposition.  That  may  present 
a  question  of  economics,  depending  on  the  particular  conditions 
involved.  The  commission  in  this  case  had  to  determine  the  rate  to  be 
charged,  not  by  a  new  company  with  no  business,  but  by  an  old  com- 
pany with  an  established  business.  The  first  question,  therefore,  to 
determine  on  this  branch  of  the  case  was  whether  the  company  had 
already  received  a  fair  return  on  its  investment.  If  it  had  received 
such  return  from  the  start,  or  if  in  later  years  it  had  received  more 
than  a  fair  return,  the  public  would  already  have  borne  the  expense 
of  establishing  the  business  in  whole  or  in  part,  and  to  that  extent  the 
question  of  'going  value'  for  the  purpose  of  fixing  a  present  rate  would 
be  eliminated;  for  it  must  constantly  be  kept  in  mind  in  dealing  with 
this  problem  that  the  company  is  entitled  to  a  fair  return  and  no 
more.  If  it  has  already  had  it,  that  is  the  end  of  the  matter.  If  it 
did  not  receive  a  fair  return  in  the  early  years  owing  to  the  establish- 
ment of  the  business,  a  subsequent  rate  must  allow  for  that  loss  or  it 
will  be  confiscatory." 

The  conflict  in  view,  expressed  in  the  concluding  sentences  quoted 
above,  and  the  earlier  citation  from  the  U.  S.  Supreme  Court,  in 
Ames   V.   Union    Pacific,    64   Fed,    165,    176,    (1894),   is   to   be   noted. 
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Nevertheless,  the  Federal  Court  decision  has  been  reaffirmed  in  a 
long  line  of  later  decisions,  and  would  seem  still  to  hold,  as  the  position 
of  the  highest  Court  of  the  land. 

Conclusions. 

The  Committee  recognizes  development  expense  as  a  possible, 
usual,  and,  in  most  undertakings,  an  unavoidable  real  cost  in  the  pro- 
duction of  a  normal  going  property,  and  as  quite  distinct  from  going 
value  as  defined  by  it,  and  discussed  in  Chapter  VIII  upon  Intangible 
Values.  It  is  measured  in  nearly  all  cases  by  the  difference  between 
the  amount  which  the  company  is  entitled  to  earn  in  the  early  years 
and  the  amount  which  it  actually  does  earn. 

On  the  basis  of  original  cost,  if  the  accounts  are  available,  the 
development  expense  can  be  determined  from  the  accounts,  taken  in 
connection  with  estimates  of  the  proper  sums  to  be  allowed  for  depre- 
ciation and  for  fair  return  on  the  investment.  If  the  accounts  are 
not  available,  the  development  expense  must  be  estimated  on  reason- 
able assumptions  based  on  known  occurrences  in  connection  with 
similar  properties.  It  is  commonly  the  case  that  the  general  condi- 
tions existing  when  the  original  property  was  created  can  be  ascer- 
tained with  sufficient  accuracy  for  determining  whether  or  not  there 
were  early  deficits  and  approximately  their  amount. 

For  ordinary  additions  to  the  original  property,  in  the  case  of  a 
prosperous  company,  there  would  be  no  deficiency  of  earnings,  but, 
from  time  to  time,  large  additions  might  cause  a  temporary  deficit 
which  should  be  taken  into  account. 

As  development  expense  is  a  real  cost  of  producing  the  original 
property,  it  should  not  be  ignored  in  the  reproduction  estimate,  and 
the  Committee  believes  this  to  be  especially  a  feature  of  valuation 
which  should  depend  upon  reasonable  assumptions  based  on  known 
occurrences  in  connection  with  the  property  under  consideration  or 
similar  properties. 

A  determination  should  be  made  in  regard  to  whether  the  property 
under  consideration  is  a  "losing  venture"  which  cannot  earn  a  fair 
return  on  the  "fair  value"  of  the  property.  In  such  a  case,  develop- 
ment expense  cannot  be  obtained,  because  it  is  based  necessarily  on 
the  theory  of  a  fair  return.  In  such  cases,  also,  the  development 
expense  is  unimportant,  because  the  return  is  independent  of  the  "fair 
value"  of  the  property  deduced  either  from  original  cost  or  reproduc- 
tion cost. 

It  is  not  to  be  assumed  that  merely  because  the  property  failed 
to  earn  an  adequate  return  for  a  certain  number  of  years,  the  project 
was  a  losing  venture.  Thus  many,  if  not  most,  water-works  properties 
built  prior  to  the  Nineties,  generally  required  a  period  of  well  over 
a  decade  to  develop  normal  revenue.     Their  growth  was  slow  during 
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the  first  15  to  20  years  in  many  cases,  nevertheless  it  cannot  be  doubted 
that  higher  returns  could  have  been  collected  from  their  consumers 
in  the  majority  of  cases  had  it  been  possible  to  raise  the  rates. 

Properties  vary  greatly  in  respect  to  the  length  of  time  required 
for  developing  the  business.  Some  classes  of  property,  like  street  rail- 
waj'^s  in  or  between  populous  cities,  may  develop  their  business  to  a 
profitable  stage  in  a  very  short  time,  but  in  other  cases,  as,  for  instance, 
a  great  irrigation  project  in  the  Far  West,  it  may  be  well  known  in 
advance  of  construction  that  it  will  take  many  years  to  reach  the  point 
where  profitable  results  can  be  achieved.  The  difference  between  prop- 
erties in  this  respect  is  obviously  to  be  ascertained  by  a  study  of  their 
history  and  of  the  history  of  similar  properties. 
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CHAPTER  YIII. 


INTANGIBLE  VALUE. 

In  addition  to  the  physical  elements  of  property  discussed  in  the 
foregoing  chapters  of  this  report,  there  are  certain  elements  of  non- 
physical  character  that  must  be  considered,  and  their  bearing  on  the 
valuation  of  public  utility  properties  explained.  These  elements  of 
value  are  called  "intangible"  for  the  reason  that  they  cannot  be  item- 
ized, measured,  and  appraised,  like  physical  units,  but  must  generally 
be  estimated  by  a  study  of  the  income  account,  the  possible  growth  or 
appreciation  in  value  of  property,  and  other  advantages,  existing 
and  potential,  that  attach  to  the  location,  environment,  ownership, 
or  control  of  the  particular  property  to  which  they  apply. 

Meaning  of  "Intangible"  as  Used  in  Valuation. 

The  term  "intangible"  is  used  in  the  current  literature  of  taxation 
to  mean  bonds,  notes,  stocks,  and  money  at  interest,  which,  if  owned 
by  a  corporation  whose  property  is  being  appraised,  must  certainly 
be  classed  as  tangible  in  the  inventory.  In  the  valuation  of  public 
utilities,  the  word  "intangible"  should  be  understood  as  being  restricted 
to  its  essential  meaning  of  something  incorporeal,  not  capable  of 
direct  or  exact  physical  measurement,  and  in  this  report  its  meaning 
will  be  thus  restricted. 

The  word  "value"  has  been  used  very  broadly  in  discussions  of 
valuation  and  in  Court  decisions  pertaining  to  the  subject.  There  is 
a  distinctly  intangible  basis  for  some  of  its  meanings,  and  the  Com- 
mittee deems  it  proper  to  include  the  analysis  of  the  word  in  this 
chapter. 

The  chapter  then  will  cover  discussions  under  the  following  heads: 

Value — in  general; 
Franchise ; 

Going  Value — Going  Concern  Value; 
Good  Will; 

Efficiency,  Favorable  Business  Arrangements,  Design; 
Strategic  Location; 

Leases,    Easements,    Traffic    and    Operating    Agreements,    Water 
Rights,  Strategic  Advantages,  Other  Privileges. 

Value,  Tangible  and  Intangible  Bases. 

Value  may  be  said  to  rest  on  both  tangible  and  intangible  bases. 
Some  meanings  of  the  word  are  "excellence",  "importance",  "utility", 
"worth".     Other  meanings  are  "the  desirability  of  a  thing,   as  com- 
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pared  with  the  desirability  of  something  else" ;  "the  degree  of  want 
felt  for  a  thing,  as  shown  by  the  relation  of  supply  and  demand" ;  and, 
commercially,  *'the  price  at  which  a  thing  will  sell".  This  last  is  the 
"exchange  value"  of  this  report. 

Still  other  authorized  definitions  are  "the  cost  to  produce";  "the 
amount  of  labor  necessary  to  produce".  These  two  definitions  furnish 
the  tangible  basis  for  computing  the  "physical  value".  The  definitions 
leading  up  to  exchange  value  furnish  the  basis  for  the  conception  of 
the  intangible  element  of  the  term. 

We  see  by  this  that  the  conception  of  the  tangible  elei^ent  of  the 
value  of  a  thing  rests  on  its  proper  cost  or  on  its  production,  while 
the  exchange  value,  which  includes  all  tangible  and  intangible  ele- 
ments of  value,  rests  on  the  output  of  the  thing  or  on  the  results  of 
its  operation.  Estimates,  in  money,  of  these  two  conceptions  may  be 
said  to  approach  the  same  objective  from  opposite  directions  and  in 
an  ideal  public  utility,  where  the  actual  net  returns  are  just  equal 
to  fair  income  on  investment,  the  figures  should  be  equal.  Such 
equality  is  obviously  a  proper  aim  of  regulation.  We  have  then  this 
equation  as  ideal  for  the  ideal  puMic  utility  of  the  future  under  con- 
stant public  regulation  from  the  beginning,  but  not  applicable  in 
general  to  presently  existing  properties  nor  to  any  property  without 
corresponding  contractual  obligations — • 

Tangible  value — that  is^  f  Exchange  value — that  is  to  say, 
to  say,  proper  cost,  in-  \  j  dependable  net  earnings,  after  deduct- 
cluding  development  ex-  r  =  "^  ing  a  proper  depreciation  allowance, 
pense,    less    "depreciation  j  capitalized  at  a  rate  of  return,   fair 

of  valuation".  J         I. for  the  property  in  question. 

Courts  and  commissions  have  striven  to  establish  just  valuations 
of  corporate  properties  for  various  piirposes,  such  as:  a  base  on  which 
return  on  capital  shall  be  computed,  or  on  which  taxes  shall  be  assessed ; 
a  sale  made  to  the  public,  or  against  which  securities  shall  be  issued. 
This  base  has  been  variously  called  "fair  value",  "real  value", 
"reasonable  value",  "the  present  value",  "actual  value",  "the 
value",  etc.  In  the  great  majority  of  cases,  the  properties  being  con- 
sidered have  been  those  not  under  full  and  continuous  regulation  in 
the  past;  and,  where  the  last  member  of  our  equation  has  figured 
out  larger  than  the  first,  the  authorities  have  frequently  allowed  some- 
thing for  the  excess  of  exchange  value  over  tangible  value  which  has 
grown  up  around  the  nucleus  of  the  latter.  This  excess,  when  existent, 
is  called  by  the  Committee  the  intangible  value  pertaining  to  the 
property.  Such  additions  to  tangible  value  will  be  fully  discussed 
later  in  this  chapter.  The  object  here  is  to  differentiate  clearly 
between  the  nature  of  tangible  and  intangible  values  in  general,  and 
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to  show  that  both  have  distinct  and  legitimate  meanings,  but  that  the 
term  "value",  standing  alone,  may  lead  to  misunderstanding  of  mean- 
ing unless  qualified  by  a  modifying  adjective. 

A  broad  basis  for  separating  tangible  from  intangible  values  is 
that  the  former  can  be  ascertained  from  the  proper  cost  while  the 
latter  can  only  be  computed  from  a  study  of  the  results  which  may 
flow  from  the  use  of  the  properties  in  question. 

Exchange  Value. — Exchange  value  is  the  desirability  of  the  prop- 
erty, estirnated  in  money,  where  there  is  a  ready  market  for  properties 
of  the  kind  considered;  exchange  value  is  synonymous  with  market 
value,  and  may  be  said  to  be  the  price  which  a  willing  and  intelligent 
buyer  will  pay  a  willing  and  intelligent  seller.  In  the  case  of  a  utility 
property  furnishing  service  to  the  public,  this  price  will  be  a  function 
of  its  existing  or  potential  dependable  net  earning  capacity,  or  of 
the  additional  earning  power  that  may  accrue  to  its  owner  through 
the  control  of  the  property  in  question.  It  is  the  second  member  of 
the  above  equation.  If  the  property  is  operating  under  a  limited 
franchise,  the  limit  will  have  a  bearing  on  the  dependable  feature  of 
the  earnings  or  other  advantages,  and  the  price  will  be  discounted 
accordingly.  It  will  be  influenced  largely  by  the  intangible  element 
in  the  value  of  the  business  as  well  as  by  the  tangible  value  of  the 
property  measured  by  cost. 

Since  exchange  value  is  determined  by  a  consideration  of  dependable 
income  and  beneficial  results,  existing  and  potential,  it  will  automatic- 
ally include  all  intangible  values  pertaining  to  the  property,  so  that 
the  value  of  franchise,  going  value  (not  development  expense),  good- 
will etc.,  cannot  be  itemized  separately  in  a  schedule. 

Fair  Value. — The  "fair  value",  of  Courts  and  commissions  is 
intended  no  doubt  to  meet  the  definition  given  in  the  Glossary :  "A 
value  which  is  fair  to  the  parties  affected".  In  very  many  cases  where 
"fair  value"  has  been  determined  by  public  authority  it  has  been  made 
up  of  the  present  cost  value  of  the  property,  as  nearly  as  that  could 
be  determined,  with  reasonable  allowance  for  depreciation  plus  an 
addition  for  such  intangible  features  as  the  controlling  authority 
deemed  proper  to  add  to  the  tangible  amount.  It  has  been  held  time 
and  again  by  Courts  that  the  "fair  value"  of  a  public  utility  property 
cannot  be  determined  by  a  mathematical  formula,  by  which,  it  is 
reasonable  to  infer,  is  meant  a  precise  estimate  based  only  on  an 
inventory  of  the  physical  property. 

It  will  be  noted  that,  in  all  cases  where  additions  of  an  intangible 
nature  have  been  made  to  the  physical  inventory,  such  additions  have 
been  in  very  round  numbers;  like  $285  000  in  the  Kansas  City  Water 
case ;  $40  000  in  the  Newburyport  Water  case ;  $75  000  in  the  Gloucester 
Water  case;  $150  000  in  the  Bristol  and  Warren  Water  case;  $15  000 
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in  the  Galena  Water  case,  etc.  The  roundness  of  these  sums  suggests 
that  they  were  not  arrived  at  by  mathematically  capitalizing  earnings, 
but  by  some  process  of  compromise  or  adjustment  which  seemed 
equitable  to  the  Court. 

In  no  recent  case  before  the  higher  Courts  has  a  valuation  been 
fixed  for  a  public  utility  property  by  capitalizing  earnings  to  the 
exclusion  of  consideration  of  its  tangible  value  measured  by  cost.  This 
procedure  seems  rational,  for  the  reason  that  the  ''fair  value"  sought  by 
the  Courts  and  commissions  is  wanted  for  some  purpose  of  regulation ; 
and,  as  the  object  of  regulation  is  to  secure  justice  for  both  the  owners 
and  consumers,  it  is  not  conceivable  that  a  value  based  simply  on 
a  consideration  of  the  present  or  estimated  net  earnings  could  be 
taken  as  a  just  base  for  any  of  these  purposes. 

Present  earnings  may  be  too  low  to  command  capital  or  to  main- 
tain the  existing  enterprise,  or  higher  than  the  service  rendered  may 
warrant.  They  are  often  adventitious,  empirical,  and  based  on 
what  the  patrons  can  or  will  pay.  To  use  them  as  the  sole  basis  for 
determining  "fair  value",  would  be  to  render  regulation  nugatory. 

If  it  is  held  that  fair  earnings,  for  the  property  as  a  whole,  might 
be  assumed  as  a  starting  point,  it  is  pertinent  to  inquire  on  what  such 
earnings  should  be  based,  or  how  should  they  be  assumed.  It  is  dif- 
ficult to  use  value  of  service,  to  the  consumer,  per  se,  because  it  cannot 
generally  be  computed  or  assumed,  as  it  is  generally  intangible  and  with- 
out a  basis  from  which  to  start.  Heat  and  electric  units,  energy 
measured  by  horse-power  and  similar  units,  are  constant  the  world 
over,  and  of  service  to  mankind;  but  no  one  would  claim  that 
their  money  equivalent  is  the  same  everywhere.  An  inland  city 
of  New  England,  for  instance,  should  pay  far  more  for  such  units 
than  should  a  city  at  the  pit-mouth  of  a  coal  mine  in  West  Virginia. 
This  illustration  means  that  the  cost  of  service  should  gauge,  to  a 
greater  or  less  extent  depending  on  circumstances,  the  price  or  value 
of  it.  A  substitute  plant  might  furnish  service  at  a  less  cost,  but  it 
has  been  shown  that  substitute  plants  do  not  generally  furnish  a 
safe  criterion  of  value.  Hence — in  view  of  the  impracticability  of 
assuming  fair  earnings,  and  the  difficulty,  if  not  uncertainty,  attending 
their  computation  by  other  means — the  cost  of  service,  as  produced 
by  the  plant  under  review,  should  be  accepted  as  generally  the  most 
significant  measure  of  the  value  of  the  service,  and  of  the  fair 
earnings  to  be  derived  therefrom.  The  reasonable  value  for  regulation 
purposes  must  be  largely  deduced  from  the  cost  basis,  with  proper 
consideration  of  all  the  attendant  circumstances  and  conditions — 
as  for  instance,  the  value  of  water  rights  in  regions  where  water  for 
irrigation  has  come  to  have,  in  fact,  a  commodity  value. 

In  the  opinion  of  the  Committee,  "fair  value",  that  is  say,  the 
valuation  to  be  assumed  in  regulation,  should  be  deduced  in  each  case 


1914  VALUATION  OF  PUBLIC  UTILITIES  [Papers. 

as  it  arises,  giving  full  recognition  to  the  tangible  values  existing  in 
the  property,  however  acquired,  and  full  recognition  to  the  intangible 
values,  so  far  as  they  are  applicable  to  the  purposes  in  mind;  that 
exchange  value  should  be  deduced  largely  by  a  consideration  of  the 
beneficial  results  flowing,  or  reasonably  expected  to  flow,  from  the  use 
of  the  property;  and  that  when  the  word  ^'value"  is  used  alone,  the 
text  or  modifiers  should  show  clearly,  and  to  the  extent  that  may  be 
equitable,  whether  tangible  or  intangible  value,  or  the  sum  of  the 
two,  is  meant. 

Franchise. 

This  term  is  defined  in  the  Glossary  as: 

"The  authority  granted  by  government  to  a  person  or  corporation 
to  create  and  operate  a  public  service  property,  to  use  public  property, 
and  often  to  condemn  property." 

A  franchise  of  this  kind  frequently,  either  explicitly  or  by  implica- 
tion, grants  protection  from  competition  by  similar  enterprises. 

Various  Functions. — A  franchise  is  said  to  be  perpetual  when  it  is 
so  granted,  or  when  granted  for  a  very  long  period;  limited,  when  its 
term  is  relatively  short  or  definitely  stated;  and  terminable,  when  it 
may  be  revoked  at  any  time.  Terminable  franchises  are  often  per- 
petual in  fact,  and  are  sometimes  called  "indeterminate  franchises''. 

We  may  divide  the  possible  functions  of  a  franchise  into  three 
parts : 

1.  A  license    to    do    business,   to   operate    a    public    utility,   for 

instance,  taking  toll  from  consumers  for  its  output; 

2.  A  grant  to  use  public  property,  like  streets,  for  subways,  pipes, 

tracks,  overhead  wires,  etc.; 

3.  A  protection  from  competition. 

Generally,  in  the  past,  a  franchise  has  been  a  free  grant  from  the 
public,  and  the  obvious  inference  is  that  the  grantee  shall  perforin 
the  service  contemplated  at  a  rate  to  the  public  such  that  only  a  fair 
return  on  the  capital  and  effort  expended  will  be  secured,  including  of 
course  proper  recognition  of  the  risk  involved.  If  it  were  supposable 
that  consideration  of  a  franchise  would  add  materially  to  the  capital 
base,  so  that  rates  for  service  would  thereby  be  enhanced  above  a 
fair  return,  we  should  be  confronted  with  the  anomaly  of  the  public 
granting  a  corporation  the  right  of  imlimited  usury  in  its  dealings 
with  the  public. 

Court  Decisions. — A  leading  decision  of  the  United  States  Supreme 
Court,  not  concerned  with  rate  regulation,  plainly  asserts  that  the 
franchise  has  value.  In  this  case  (Monongahela  Navigation  Co.  v. 
United  States,  148  U.  S.,  312,  March  27,  1893),  the  Court  said: 
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"So  before  the  property  can  be  taken  away  from  its  owners,  the 
whole  value  must  be  paid;  and  that  value  depends  largely  upon  the 
productiveness  of  the  property,  the  franchise  to  take  tolls." 

This  was  a  case  of  the  United  States  taking  over  from  the  Canal 
Company  a  very  old  property,  and  the  total  award,  which  was  much 
greater  than  the  cost  of  reproduction  of  the  physical  property,  was 
based  on  the  profitableness  of  the  plant. 

In  the  I^ew  York  Consolidated  Gas  case  (Willcox  v.  Consolidated 
Gas  Co.,  212  U.  S.,  19,  January  4,  1909),  relating  to  rates  for  gas,  the 
question  of  the  value  of  franchises  was  treated  at  considerable  length. 
This  company  was  created  by  the  consolidation  of  seven  independent 
companies  in  1884,  and  at  that  time  the  State  authorities  sanctioned 
the  issue  of  additional  capital  to  represent  the  value  of  the  franchises 
as  then  determined  to  a  sum  amounting  to  $7  781  000.  Later,  in  1907, 
the  value  of  the  franchises  of  the  company  was  under  consideration, 
nnd  it  was  assumed  by  a  master  in  one  case,  and  by  the  Federal  Court 
in  another,  that  the  franchises  had  increased  in  value  from  the  sum 
above  stated  to  $20  000  000  and  $12  000  000,  respectively,  the  increase 
corresponding  to  the  increase  in  the  value  of  the  physical  plant. 
The  United  States  Supreme  Court,  in  1909,  sanctioned  the  con- 
tinuance of  the  original  $7  781 000  of  franchise  value  allowed  by 
the  State  authorities  in  1884,  for  the  reason  that  its  capitaliza- 
tion had  been  authorized  at  that  time,  but  it  refused  to  allow 
any  increase  of  franchise  value  due  to  growth  of  business  after 
that  time.  The  caution  as  to  precedent  contained  in  the  second 
quotation  below  shows  that  the  Courts  are  reluctant  to  recog- 
nize the  propriety  of  capitalizing  franchise  values.  The  Court 
said  (at  pages  44  and  48) : 

"It  cannot  be  disputed  that  franchises  of  this  nature  are  property 
and  cannot  be  taken  or  used  by  others  without  compensation." 

"What  has  been  said  herein  regardiifg  the  value  of  the  franchise 
in  this  case,  has  been  necessarily  foimded  upon  its  own  peculiar  facts, 
and  a  decision  thereon  can  form  no  precedent  in  regard  to  the  valua- 
tion of  franchises  generally  where  the  facts  are  not  similar  to  those 
in  the  case  before  us.  We  simply  accept  the  sum  named  as  the  value 
under  the  circumstances  stated." 

In  the  case  of  Kennebec  Water  District  v.  Waterville  (97  Me., 
185,  December  27,  1902),  the  Court  said  (at  page  218)  : 

"It  [defendant's  claim]  is  that  the  value  of  a  franchise  depends 
upon  its  net  earning  power,  present,  prospective,  developed  and  capable 
of  development,  at  reasonable  rates,  that  the  value  to  be  assessed  is 
the  fair  value  to  the  seller  and  not  the  buyer,  and  that  'just  compensa- 
tion' means  full  compensation  for  everything  or  element  of  value  taken. 
*  *  *  The  appraisal  must  be  made  having  in  mind  what  we  have 
already  said  concerning  the  character  and  duration  of  the  franchise 
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and  reasonableness  of  rates.  While  with  these  limitations,  the  owner 
is  entitled  to  receive  the  value  of  the  franchises,  having  reference  to 
their  prospective  use  as  now  developed,  and  to  the  future  development 
of  their  use,  consideration  must  also  be  had  of  the  fact  that  further 
investment  may  be  necessary  to  develop  the  use,  and  of  the  further 
fact  that  at  any  stage  of  development  the  owner  of  the  franchise  will 
be  entitled  to  charge  only  reasonable  rates  under  the  conditions  then 
existing.  But,  subject  to  such  limitations,  we  think  it  should  be  said 
that  the  owner  is  entitled  to  any  appreciation  due  to  natural  causes, 
such  as,  for  instance,  the  growth  of  the  cities  or  towns  in  which  the 
lilant  is  situated. 

And  further   (at  page  220)  : 

"But  we  cannot  assent  to  the  proposition  that  the  capitalization  of 
income  even  at  reasonable  rates  can  be  adopted  as  a  sufficient  or  satis- 
factory test  of  present  value.  Such  a  capitalization  would  fix  at  the 
present  time  a  specific  value  which  would  continue  for  all  time  to 
come,  as  a  fixed  and  unvarying  source  of  income,  no  matter  how 
conditions  may  be  changed." 

Tn  Spring  Valley  Water  Works  v.  San  Francisco  (165  Fed.,  667, 
October  7,  1908),  the  opinion,  in  discussing  the  question  of  franchise 
value  in  a  rate  case,  after  stating  that  a  franchise,  if  it  has  value, 
should  be  taken  into  account  in  rate  regulation  as  well  as  condemna- 
tion proceedings,  said: 

"Serious  and  perplexing  questions  arise  when  it  is  attempted  to 
ascertain  the  value  of  the  franchise  and  going  business.  Here  very 
little  has  been  settled  by  the  Courts,  except  that  each  case  must 
depend  on  its  own  special  circumstances." 

In  these  and  other  cases  the  Courts  recognize  the  propriety  of 
including  intangible  elements  of  value,  but  the  reasonableness  of  the 
rates  from  which  these  values  are  derived  is  strongly  insisted  upon. 
In  the  case  of  the  Monongahela  Navigation  Co.,  a  very  old  property 
was  at  bar,  and  evidently  gi'eat  consideration  was  granted  to  long- 
accepted  rates  unaffected  by  regulation,  on  one  hand,  and,  on  the 
other,  to  the  property  rights  growing  up  from  these  rates  on  the  "inno- 
cent owner"  idea.  In  general,  the  Courts  have  laid  down  no  rule  for 
fixing  reasonableness  of  rates  in  these  cases,  nor  for  computing  the 
value  of  a  franchise. 

Considering  the  money  value  of  a  franchise :  as  a  license  to  do  busi- 
ness, its  value  is  vital,  and  cannot  be  measured  in  money;  it  is  com- 
parable to  the  value  of  the  air  we  breathe;  as  a  grant  to  use 
public  property,  it  may  carry  with  it  costs,  rent,  fees,  or  obligations, 
the  cost  of  which  can  be  estimated.  Such  costs  can  hardly  be  called 
intangible,  and  should  certainly  be  included  in  an  inventory.  Such  a 
grant  may  also  lessen  the  expense  of  installation  which  woiild  be 
necessary  if  streets,  etc.,  could  not  be  used  by  the  utility.     This  acts 
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to  reduce  the  necessary  investment.  The  third  possible  feature  of  a 
franchise,  protection  from  competition,  is  the  one  that  has  probably 
given  the  principal  money  value  to  franchises  in  the  past.  It  is  the 
legal  base  for  the  monopolistic  rights  of  corporations,  and  is  the  fea- 
ture that  calls  for  public  regulation  more  than  any  other.  Intangible 
values  acquired  under  this  phase  of  franchise  have  been  recognized  by 
the  highest  Courts  to  be  the  inalienable  property  of  the  present  owners, 
as  shown  above,  but,  unless  such  values  have  been  converted  into 
physical  property  useful  to  the  utility,  the  Courts  are  now  very  chary 
about  admitting  them  to  capitalization,  as  may  be  seen  by  the  second 
quotation  from  the  Kennebec  Water  District  case  given  above.  In 
fact,  the  principles  of  fundamental  equities  would  seem  to  prohibit 
earning  on  intangible  capital  which  is  admittedly  derived  from 
anticipated  earnings  in  excess  of  a  fair  return. 

In  fixing  upon  the  "fair  value"  for  a  property,  the  license  feature 
of  a  franchise  can  hardly  be  included;  neither  can  the  privilege  to 
use  public  property,  except  so  far  as  such  privilege  costs  the  grantee 
money.  In  fact,  the  grant  is  made  purposely  to  lessen  the  otherwise 
necessary  capital,  and  it  would  certainly  be  absurd  to  augment  the 
capital  by  assuming  an  intangible  value  for  the  grant.  The  monopo- 
listic feature  is  then  the  only  base  for  intangible  value  pertaining  to 
a  franchise;  and  this  cannot  be  computed  separately  from  that  arising 
from  "going  value"  which  will  be  discussed  in  the  next  section. 

Going  Value — Going  Concern  Value. 

In  very  many  discussions  and  Court  opinions,  this  component  of 
value  has  been  hopelessly  and  blindly  mixed  with  development  expense, 
which  latter  the  Committee  has  set  up  as  a  distinct  feature.  Clearness 
of  understanding  will  be  enhanced  if  the  separation  is  adhered  to. 

Development  expense  is  equivalent  to  expenditure  of  capital.  Going 
value,  on  the  other  hand,  is,  in  the  minds  of  many,  apparently,  an 
indefinite  something  that  a  live  business  has,  which  a  plant  without 
business  has  not.  The  fact  that  a  business  is  connected  with  its 
customers,  house  connections  made  in  a  water  supply  system,  the 
breath  of  life  put  into  the  body,  as  some  express  it,  seems  to  have  an 
almost  mystic  significance  to  many.  It  has  been  called  the  soul  of 
the  enterprise,  while  the  physical  plant  is  the  material  body. 

In  the  work  of  Henry  Floy,  entitled  "Valuation  of  Public  Utility 
Properties",  1912,  the  subject  is  discussed  under  four  heads,  at  page 
137  and  following.  These  conceptions  briefly  and  clearly  set  forth 
the  different  methods  that  have  been  adopted  for  discussing  going 
value  in  rational  terms  and  for  measuring  it  in  money. 

They  are: 

First. — "A  legal  and  economic,  recognized  value,  usually  deter- 
mined in  an  approximate  way,  in  addition  to,  and  over  and  above  the 
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value  of  the  physical  plant,  resulting  from  the  putting  of  said  plant 
into  actual  and  useful  operation.  The  value  may  be  based  on  merely 
an  actual  expenditure  in  dollars,  or  an  estimated  value  indicating  the 
worth  of  the  service  performed,  in  transforming  the  'dead'  into  a  'live' 
income  producing  property." 

Second. — "A  very  frequent  use  of  the  term  'going  value'  is  that  of 
'capitalized  losses',  namely,  the  capitalization  of  losses  incurred  during 
the  first  few  years  after  a  corporation  begins  business." 

Third. — "Going  value  has  also  been  used  to  mean  the  vahie  that 
obtains  from  capitalizing  the  present  net  earnings  of  a  corporation, 
i.  e.,  the  value  of  a  created  income." 

Fourth. — "Although  the  trend  of  modern  movement  is  toward  the 
reduction  rather  than  the  creation  of  non-physical  values,  going  values 
have  been  allowed,  particularly  in  water-works  appraisals,  based  on 
the  present  worth  of  estimated  earnings  including  those  of  future 
business  growth. 

"The  method  consists  in  estimating  the  present  worth  of  excess 
earnings  of  an  existing  plant  compared  with  those  of  a  hypothetical 
plant,  between  the  date  of  valuation  and  the  time  the  earnings  of  the 
assumed  plant  shall  equal  those  of  the  existing  plant." 

These  four  interpretations  cover  the  ideas  that  have  been  rather 
vaguely  expressed  by  Courts,  commissions,  authors,  and  others,  perhaps 
as  well  as  they  can  be  covered. 

It  will  be  seen  that  the  first,  second,  and  fourth  are  really  founded 
wholly  or  in  part  on  a  conception  of  what  the  Committee  has  classed 
as  development  expense;  and  that  the  third  is  the  "exchange  value" 
of  this  report. 

A  careful  reading  of  Court  decisions,  attorney's  briefs,  and  opinions 
of  engineers  and  authors  on  this  subject,  leads  to  the  impression  that 
lawyers  and  judges  have  generally  leaned  toward  an  appreciation  of 
the  intangible  nature  of  going  value  as  something  inherent  in  a 
"system  in  successful  operation  and  earning  a  revenue",  while  engi- 
neers and  authors  generally  are  disposed  to  look  upon  it  as  the  cost 
of  developing,  not  only  the  capacity  to  earn,  but  the  market  for  the 
output  as  well. 

Mr.  Jvistice  Brewer,  National  Water  Co.  v.  Kansas  City  (62  Fed., 
853,  July  2,  1894),  said: 

"The  fact  that  it  is  a  system  in  operation,  not  only  with  a  capacity 
to  supply  the  city,  but  actually  supplying  many  buildings  in  the  city 
— not  only  with  a  capacity  to  earn  but  actually  earning — makes  it 
true  that  'the  fair  and  equitable  value'  is  something  in  excess  of  the 
cost  of  reproduction." 

On  the  other  hand,  Mr.  Benezette  Williams,  in  connection  with  the 
Dubuque  Water- Works  appraisal  said,  regarding  the  valuation  of  the 
Kansas  City  Water-Works,  after  describing  the  appraisal  of  the 
physical  property: 
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■'The  commissioners,  however,  took  into  account  the  fact  that 
the  plant  was  in  actual  operation,  with  an  established  business  and 
a  long  list  of  patrons,  and  added  to  the  cost  of  replacement,  which 
included  a  liberal  allowance  for  contingencies,  an  allowance  for  interest 
on  the  investment  for  a  time  long  enough  to  enable  the  business  to 
reach  the  point  at  which  it  was  found." 

These  two  quotations  typify  the  difference  of  conception  that  exists 
between  many  students  of  this  subject.  The  first  implies  that  the 
judge's  conception  of  the  amount  to  be  allowed  above  reproduction 
cost  was  of  an  intangible  nature,  presumably  to  be  determined  by  a 
study  of  the  income.  The  other,  representing  more  generally  the 
engineer's  view,  based  this  addition  on  what  the  Committee  considers 
tangible  grounds  of  interest  during  construction  and  development  ex- 
pense. The  Committee  aims  to  clarify  the  subject  by  assigning  all 
costs  like  those  referred  to  in  Floy's  first  class,  as  above,  to  the  appro- 
priate items  of  the  reproduction  schedule,  and  by  classing  the  costs 
and  losses  of  the  development  period  as  development  expense  and  con- 
fining going  value  strictly  to  its  intangible  aspect,  depending  on  a 
study  of  the  income  account  which  reflects  the  advantages  accruing 
from  enlarged  business,  social  growth,  and  other  factors  of  improve- 
ment and  progress.  Floy's  third  class  does  not  exactly  define  the 
Committee's  idea,  because  it  means  the  whole  exchange  value  of  the 
property,  while  the  Committee  considers  going  value  to  be  a  sum 
that  may  be,  under  some  circumstances,  added  to  the  appraisal  of  the 
physical  property.  It  is  the  difference  between  the  exchange  and 
physical  values,  and  includes  and  is  the  resultant  of  the  intangible 
values  pertaining  to  all  the  features  discussed  in  this  chapter.  No 
division  is  possible  between  the  value  of  franchise,  favorable  location, 
good-will,  or  the  other  elements  of  advantage.  Their  effects  automati- 
cally add  together  to  make  up  what  is  distinctly  going  value. 

If,  from  the  actual  net  earnings  for  a  given  year  available  for  dis- 
tribution there  is  subtracted  a  fair  return  on  the  reproduction  cost, 
including  therein  all  proper  overhead  charges,  development  expenses, 
and  other  tangible  capital  items,  including  appreciation  in  value,  less 
^'depreciation  of  valuation",  the  remainder  will  be  a  measure  of  the 
income  from  going  value  for  that  year.  Whether  or  not  such  income 
may  be  capitalized  and  added  to  reproduction  cost  is  debatable.  If  the 
remainder,  thus  obtained,  is  not  zero,  its  algebraic  sign  will  determine 
whether  the  going  value  is  positive  or  negative  in  the  case  under  review. 

Going  value  derived  from  large  earnings  is  legitimate  and  inevi- 
table in  competitive  utilities,  like  the  steam  railroads  of  this  country, 
e.teamship  lines,  and  most  manufacturing  enterprises,  the  favorable 
location  and  good  management  of  which  give  them  advantage  over 
rivals    less    favorably    conditioned.      In    competitive    enterprises    the 
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favorably  located  and  well  managed  one  will  naturally  and  properly 
receive  a  higher  rate  of  return  on  its  cost  than  the  other  one. 

When  several  properties  are  to  be  combined  in  a  single  corporation, 
their  exchange  values  seem  to  furnish  the  principal  basis  for  adjusting 
the  financial  ratio?  between  them. 

Good  Will. 

This  feature  is  defined  as  follows  in  the  Glossary: 

"In  ordinary  business,  the  good  will  represents  the  special  value 
that  a  business  has  by  reason  of  its  popularity  and  the  amount  of  bus- 
iness thereby  attracted.    It  is  a  part  of  the  value  of  a  'going  concern'." 

As  applied  to  a  department  store  or  to  professional  practice,  good- 
will is  a  large  item  of  intangible  value.  In  some  kinds  of  competing 
utilities  it  undoubtedly  has  weight.  Its  eilect  in  any  case  merges  into 
the  resultant  described  in  the  last  section,  and  the  conditions  accruing 
among  competitive  utilities  are  the  same  with  this  as  with  going  value. 
In  monopolies  the  highest  Court  has  decided  that  good  will  is  not  an 
element  to  be  considered  independently  in  the  valuation.  In  the  case 
of  Willcox  V.  Consolidated  Gas  Co.  (212  U.  S.,  19,  January  4,  1909), 
Mr.  Justice  Peckham  said: 

"We  are  also  of  the  opinion  that  it  is  not  a  case  for  a  valuation 
of  'good  will'.  The  master  combined  the  franchise  value  with  that 
of  good  will,  and  estimated  the  total  value  at  $20  000  000. 

"The  complainant  has  a  monopoly  in  fact,  and  a  consumer  must 
take  gas  from  it  or  go  without.  He  will  resort  to  the  'old  stand'  because 
he  cannot  get  gas  anywhere  else.  The  Court  below  excluded  that  item, 
and  we  concur  in  that  action." 

Efficiency — Favorable  Business  Arrangements — Design. 

These  features  are  important,  and,  together  with  good  management, 
should  be  encouraged.  They  add  largely  to  the  intangible  value  of 
a  property;  being,  in  fact,  a  major  factor  in  going  value  which  has 
been  discussed  above. 

It  is  often  said  that  efficient,  economical  management  is  not  encour- 
aged by  regulation ;  but  this  should  not  be  the  necessary  result.  The 
English  method  of  gas  company  regulation  called  the  "London  Sliding 
Scale"  is  perhaps  the  most  prominent  attempt  to  encourage  efficiency 
that  has  yet  been  tried.  It  was  adopted  in  1904  by  a  Legislative  act  of 
the  State  of  Massachusetts  in  an  arrangement  with  the  Boston  Con- 
solidated Gas  Co.  At  that  time  the  price  per  thousand  feet  of  gas 
was  fixed  at  90  cents,  and  the  dividend  to  the  stockholders  of  the  com- 
pany at  7%,  and  the  provision  made  that  if  in  any  year  the  price  was 
reduced  below  90  cents  the  rate  of  dividend  for  the  succeeding  year 
might  be  raised  one-fifth  of  1%  for  each  cent  of  reduction  below  90 
cents.  Provision  was  made  in  the  Act  for  creating  a  surplus  fund, 
if  the  earnings  were  not  entirely  exhausted  by  the  dividends  allowed. 
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and  for  increasing  the  price  to  consumers,  if  necessary  in  the  judgment 
of  the  Gas  and  Electric  Light  Commission.  The  Act,  following 
English  precedent,  provides  that  additional  stock  may  be  issued  with 
the  approval  of  the  commission,  but  such  issue  shall  be  sold  at  public 
sale  under  competitive  bids;  also  that  the  standard  price,  the  scale, 
and  the  dividend  rate  shall  be  subject  to  readjustment  after  ten  years 
from  the  passage  of  the  Act.  At  present  (1916)  the  price  of  gas 
under  this  arrangement  is  80  cents  and  the  dividend  rate  9  per  cent. 
The  regulating  board  has  radical  changes  in  the  method  of  control 
under  consideration.  In  England  the  scheme  has  been  in  operation 
for  thirty  years  or  more,  and  does  not  work  with  entire  satisfaction, 
except  for  a  limited  number  of  years  after  its  adoption.  In  some  cases 
the  companies  have  not  increased  dividends  as  the  scale  allows  them 
to  do,  evidently  on  account  of  the  possibility  of  competition  from  other 
producers.  This  shows  that  natural  competition,  left  free  to  act,  is 
the  real  regulator  where  competition  may  exist. 

Though  the  group  of  factors  named  in  the  caption  of  this  section 
adds  greatly  to  the  exchange  or  market  value  of  a  property,  they  cannot 
in  general  be  separately  included  in  an  inventory  of  either  original 
or  reproduction  cost;  but  where  exceptional  efficiency  in  design,  con- 
struction, and  management  is  manifest,  its  results,  although  intangible, 
should  be  recognized  and  encouraged  by  the  regulating  body. 

Leases — Easements — Water  Rights — Traffic  and  Operating  Agree- 
ments— Strategic  Location  and  Advantages — and  Other 
Privileges. 

These  are  often  elements  of  substantial  value.  They  are  entitled 
to  careful  analysis  and  consideration  in  accord  with  their  just  dues. 
They  are  in  the  nature,  however,  of  special  problems,  often  highly 
complex  and  legal  in  character,  varying  greatly  with  locality,  environ- 
ment, and  attendant  circumstances.  Therefore  they  will  not  be  dis- 
cussed in  detail  herein. 

Conclusion. 

With  reference  to  intangible  value  as  a  whole,  the  Committee  takes 
the  ground  that,  in  finding  original  or  reproduction  cost,  there  must 
be  included  first,  the  tangible  elements  (including  development  expense) 
to  which  cost  can  be  assigned  or  which  can  be  separately  scheduled, 
with  an  attached  value  based  on  concrete  facts;  and,  second,  that 
pertinent  facts,  bearing  upon  the  intangible  values,  should  thereafter 
be  developed  independently,  as  an  aid  to  the  formation  of  sound  judg- 
ment as  to  their  value. 

Exceptional  efficiency — although  practically  difficult  of  recognition 
and  compensation  in  any  plan  of  valuation,  and  outside  of  strict 
engineering  analysis — should  be  recognized  by  Courts  and  commissions, 
when  appraising  property. 
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GLOSSARY. 
Accounting  Cost. 

See  Book  or  Accounting  Cost,  under  Cost — Investment. 

A  ceo  unting— Depreciation. 

See  Depreciation  Accounting. 

Accounting — Methods  of. 

See  Depreciation  Accounting. 

Actual  Cost. 

See  Original  Cost,  under  Cost — Investment. 

Additions. 

Structures,  facilities,  equipment,  and  other  property  units  added  to 
those  in  service  and  not  taking  the  place  of  any  property  for  like 
purposes. 

See  also  Betterments.  • 

Age. 

Under  Expectation  of  Life — Life  Term. 

Amortization  Fund. 

See  Sinking  Fund. 

Amortize. 

To  extinguish  a  liability  or  debt  by  means  of  a  sinking  fund.  The 
word,  however,  is  frequently  used  in  connection  with  such  extinguish- 
ment by  other  means. 

Annuity. 

An  annual  allowance  or  payment;  generally  an  equal  sum  each 
year,  such  as  the  payment  to  a  sinking  fund. 

Appreciation. 

A  general  definition  is  gain  in  value  or  worth.  As  used  in  con- 
nection with  the  valuation  of  public  service  property,  this  term  is  gen- 
erally restricted  to  physical  items,  and  measures  their  gain  in  value 
due  to  age,  use,  and  properly  directed  labor.  Its  principal  application 
in  connection  with  railroads  is  to  roadbed,  which,  for  instance,  is  in- 
creased in  value  by  solidification  and  grassing  of  slopes. 

The  appreciation  in  land  values  will  be  called  an  increment. 

Average,  Weigtited. 

See  Weighted  Average. 
Betterments. 

Physical  changes  in  roadway,  structures,  facilities,  or  equipment, 
the  object  of  which  is  to  make  the  properties  affected  more  useful, 
efficient,  or  safe,  or  of  greater  capacity. 


Papers.!  VALUATION  OF  PUBLIC  UTILITIES  1933 

Book  or  Accounting  Cost. 

FiKlor  Cost — Investment. 
Capital. 

"A  portion  of  wealth  which  is  set  aside  for  the  production  of  addi- 
tional wealth. 

"While  this  is  the  sense  in  which  the  word  'capital'  is  used  in 
economics,  in  bookkeeping  the  term  'capital  account'  is  often  used  to 
mean  assets  on  the  credit  or  passive  side  which  denote  proprietorship."* 

WorJving  Capital. — The  capital  in  the  form  of  cash,  stock  on  hand, 
and  other  current  assets,  which  must  be  kept  available  for  the  opera- 
tion, maintenance  and  administration  of  a  property. 

Capitalization  Base. 

Under  Value. 

Ctiarges. 

See  Overhead  Charges. 
Charter. 

A  grant  of  power  by  the  proper  authority  to  a  group  of  individuals 
to  become  a  corporation,  in  order  that  they  may  act  as  a  unit  for  a 
specific  purpose. 

Compound-Interest  Method. 

See  under  Depreciation  Accounting. 

Construction  Period. 

That  part  of  the  production  or  reproduction  period  extending  from 
the  inception  of  an  undertaking  to  the  completion  of  its  construction 
and  the  beginning  of  its  regular  operation.  The  definition  may  apply 
either  to  a  whole  property,  or  to  substantial  parts  of  it  constructed 
at  different  times. 

This  period  is  followed  by  the  physical  development  period,  in 
which  are  incurred  construction  costs  necessary  to  bring  the  physical 
property  to  its  present  operating  efiiciency.  (See  Reproduction 
Period.) 

Cost. 

Cost -Investment. — In  the  case  of  a  new  public  service  property,  in 
which  nothing  has  been  added  or  abandoned,  the  outlay  incurred  in 
creating  the  property,  not  only  money  outlay,  but  also  the  money  value 
of  services  rendered  and  of  other  considerations  involved. 

In  the  case  of  old  properties  to  which  many  additions  have  been 
made,  and  wherein  many  items  of  property  have  been  worn  out  and 
replaced  one  or  more  times,  either  in  kind  or  otherwise,  these  words, 
when  not  qualified,  have  no  generally  accepted  meaning,  and  have  been 
used  by  the  Courts,  commissions,  and  others  in  a  very  loose  way. 

*  From  "The  Accountancy  of  Investment",  by  Charles  E.  Sprague. 
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The  words  are  frequently  qualified,  as,  for  instance,  original  cost, 
actual  cost,  original  cost  to  date,  original  cost  plus  improvements,  but 
even  these  qualified  terms  appear  to  have  no  generally  accepted 
meaning. 

Book  or  Accounting  Cost. — The  cost  as  shown  by  the  books.  This 
necessarily  depends  on  the  method  of  bookkeeping  used.  It  is  fre- 
quently the  case  that  book  cost  fails  to  include  the  value  of  services 
rendered  in  promotion  and  construction,  for  which  no  money  payment 
was  made,  and  such  costs  as  those  due  to  additions  and  betterments, 
interest  on  capital  during  construction,  and  the  bringing  of  the 
property  to  its  full  present  condition  of  operating  efficiency,  which 
may  have  been  paid  for,  out  of  earnings  or  otherwise,  but  properly 
belong  in  the  capital  account.  On  the  other  hand,  it  may  include 
charges  for  replacements  which  do  not  properly  belong  to  the  capital 
account,  and  may  continue  to  include  investment  in  property  which  ' 
has  been  retired  without  being  credited  on  the  books. 

Cost  of  Reproduction — Reproduction  Cost — Replacement  Cost — 
Cost  of  Duplication. — The  estimated  cost  of  reproducing  the  property 
without  deduction  for  the  loss  of  Talue  due  to  age  or  other  causes. 

Original  Cost — Original  Cost  to  Date — Original  Cost  Plus  Im- 
provements— Actual  Cost. — These  terms  are  often  used  interchange- 
ably, though  suggesting  diflFerent  things.  The  Committee  believes  that 
"original  cost  to  date"  and  "actual  cost"  are  the  better  terms  and 
defines  them  as  the  cost  of  the  original  construction,  plus  all  charges 
against  capital  proper,  under  approved  accounting  principles,  for  ex- 
penditures incurred  thereafter,  and  minus  all  proper  credits  to  capital 
for  the  cost  of  property  which  has  been  disposed  of  or  otherwise  retired. 

Under  this  definition  the  "original  cost  to  date"  or  "actual  cost" 
of  a  property  is  the  first  cost  of  the  identical  property  units  now 
in  use,  including  overhead  charges.  The  former  is  a  term  used  in  the 
Federal  Valuation  Act,  and  may  be  authoritatively  defined  by  the 
Interstate  Commerce  Commission. 

Cost  of  Reproduction. 

Under  Cost — Investment. 

Current  Repairs. 

See  Repairs. 

Decrement. 

See  Depreciation. 

Decrepitude. 

Decretlon. 

Under  Depreciation. 
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Deterred  Maintenance. 

A  technical  term  used  in  connection  with  public  service  properties, 
representing  the  amount  which  must  be  expended  in  repairs  and 
renewals  to  bring  plant  units  to  an  operating  condition  normal  for  the 
character  of  service  to  which  they  are  devoted. 

Depletion. 

Under  Depreciation. 

Depreciated  Value. 

See  Remaining  or  Depreciated  Value,  under  Value. 

Depreciation. 

A  general  definition  is  lowering  in  value  or  worth.  .  As  used  in  con- 
nection with  the  valuation  of  public  service  property,  it  is  the  loss  of 
value  due  to  age  and  use,  including  the  loss  from  deterioration,  wear 
and  tear,  inadequacy,  obsolescence,  depletion,  and  other  similar  causes. 

Discussion  of  depreciation  generally  includes,  also,  causes  of  loss 
of  value  or  worth,  and  methods  of  depreciation  accounting  and  of  re- 
storing the  loss  to  the  property  or  its  owners. 

The  depreciation  in  land  values  will  be  called  a  decrement. 

Accrued  Depreciation. — Depreciation  which  has  taken  place.  It 
may  have  reference  to  existing  property  only,  or  it  may  include  also 
the  abandoned  property. 

Decrepitude. — A  term  sometimes  used  in  connection  with  public 
service  properties  as  having  a  meaning  similar  to  deterioration. 

Decretion. — Loss  of  service  life. 

Deferred  Maintenance. — See  Deferred  Maintenance. 

Depletion. — Permanent  loss  of  value  due  to  exhaustion,  or  perma- 
nent lessening  of  value,  as,  for  example,  of  mining  properties. 

Depreciation  of  Valuation  or  Fair  Depreciation. — The  sum  which 
should  be  deducted  from  original  cost  to  date  or  from  estimated  cost 
of  reproduction  new,  as  a  step  in  finding  that  which  the  courts  have 
called  "fair  value". 

Deterioration. — Reduction  in  the  quality  of  a  property  unit  or  in 
its  efficiency  for  service,  due  to  its  physical  condition. 

Fair  Depreciation.— See  Depreciation  of  Valuation,  supra. 

Functional  Depreciation. — Depreciation  due  to  inadequacy,  obsoles- 
cence, and  supersession. 

Inadequacy. — The  insvifficiency  of  a  unit  to  perform  fully  the  func- 
tion required  of  it. 

Obsolescence. — The  condition  or  process  by -which  units  gradually 
cease  to  be  useful  or  profitable  as  a  part  of  the  property,  on  account 
of  changed  conditions. 

Physical  Depreciation. — Depreciation  due  to  deterioration,  such 
as  use,  wear  and  tear,  accident. 
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Supersession. — The  substitution  of  a  more  profitable  or  efficient 
unit  for  the  existing  property  unit. 

Wear  and  Tear. — The  physical  deterioration  of  a  property  unit 
occasioned  by  its  use. 

Depreciation  Accounting. 

The  branch  of  accounting  by  which  loss  of  value  is  provided  for 
or  accounted  for  either  wholly  or  in  part.  There  are  various  methods, 
among  which  are: 

1. — Replacement  Method. — This  method  makes  provision  from  the 
earnings  for  reimbursement  for  the  cost,  less  salvage,  of  property 
units  retired  when  they  reach  the  ends  of  their  service  lives,  whether 
for  replacement  or  for  any  other  reasons. 

2. — Sinking-Fund  Method. — This  method  laakes  provision  from  the 
earnings  for  equal  annual  depreciation  allowances  of  such  size  for  any 
property  vmit  that  if  these  allowances  are  invested  in  a  sinking 
fund  they  will,  wWl  accumulations  of  interest  compounded  annually, 
amount  to  the  cost,  less  salvage,  of  the  unit  at  the  time  when  it  reaches 
the  end  of  its  estimated  service  life.  In  applying  this  method,  it  has 
been  common  practice  to  compute  annuities  upon  a  basis  of  original 
or  reproduction  cost  and  total  service  life,  but  the  method  applies  as 
well  if,  at  any  time,  actual  value  and  remaining  service  life  are  used. 

S. — Compound-Interest  Method. — (The  same  as  the  Equal-Annual- 
Payment  Method  discussed  in  the  Committee's  Progress  Report.)  This 
method  makes  provision  from  the  earnings  for  annual  depreciation 
allowances,  for  any  property  unit,  of  such  increasing  sizes  from  the 
beginning  to  the  end  of  its  estimated  service  life  that  when  the  same 
interest  rate  is  used  for  determining  the  return  on  capital  and  the 
depreciation  allowances,  the  sum  of  the  return  and  the  allowance  is 
the  same  in  each  year  of  such  life.  The  rate  of  increase  of  the  suc- 
cessive depreciation  allowances  is  also  such  that  the  "present  worth" 
of  each  is  the  same.  The  sum  of  the  allowances  without  interest  equals 
the  cost,  less  salvage,  of  each  unit  when  it  reaches  the  end  of  its  esti- 
mated service  life. 

Jf.~ -Straight-Line  Method. — This  method  makes  provision  from  the 
earnings  for  equal  annual  depreciation  allowances  of  such  size,  for 
any  property  unit,  that  the  sum  of  the  allowances,  without  intei-est, 
will  equal  the  cost,  less  salvage,  of  each  unit  when  it  reaches  the  end 
of  its  estimated  service  life.  The  annual  depreciation  allowances  by 
this  method  are  each  equal  to  the  cost,  less  salvage,  of  the  property  unit 
divided  by  the  number  of  years  of  its  expectation  of  life. 

5. — Unit-Cost  Method. — This  method  is  based  on  the  conception 
that  the  value  of  a  plant  unit  should  be  decreased  from  year  to  year 
to  such  an  extent  that  the  cost  per  unit  of  output  or  service,  taking 
into  accoimt  all  annual  charges  for  interest,  depreciation,  repairs,  cost 
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of  operating,  etc.,  shall  be  constant  during  each  year  of  the  estimated 
service  life  of  the  unit. 

Depreciation  Allowance    Renewal  Allowance -Retiring  Allowance. 

The  provision  which  should  be  made  through  the  rates  by  which 
a  sum  may  be  taken  from  earnings  periodically  for  offsetting  the 
decrease  in  value  or  worth  of  existing  plant  units.  In  accordance 
with  methods  of  accounting  in  general  use  by  railroads  for  a  part 
of  their  property,  and  by  some  other  public  service  corporations,  the 
annual  decrease  in  value  or  worth  is  offset  wholly  or  in  part  by  charges 
to  maintenance  or  renewal  expenses. 

Depreciation  Fund — Renewal  Fund. 

A  fund  consisting  of  cash  or  other  quick  assets  set  aside  for  the 
purpose  of  renewing  property  subject  to  depreciation  when  it  ceases 
to  be  serviceable.  This  fund  appears  in  the  asset  column  of  a  financial 
statement,  and  may  have  no  direct  relation  to  the  depreciation  reserve. 

Depreciation  Reserve— Retiring  Reserve. 

The  excess  of  past  charges  to  "operating  expenses"  for  deprecia- 
tion which  have  been  credited  to  the  depreciation  reserve  account, 
over   and  above  those   retirements  which  have  been  charged   thereto. 

Deterioration. 

Under  Depreciation. 

Development  Expense. 

A  term  which  may  be  applied  to  all  expenses  incurred  in  developing 
a  property.  In  this  report,  however,  it  is  limited  to  the  expenses 
incurred  in  developing  the  property  and  business  after  the  period  of 
regular  operation  begins.  That  portion  of  development  expense  in- 
curred in  tuning  up  the  plant  and  bringing  the  property  to  present 
operating  efficiency  during  the  physical  development  period  may  be 
accounted  for  as  a  construction  cost.  To  a  large  extent,  development 
expense  represents  the  deficiency  in  net  distributable  earnings  below 
a  "fair  return"  on  the  "fair  value"  of  the  property  during  the  early 
period  of  operation  after  original  construction,  and  after  importatit 
betterment  or  reconstruction.  In  other  words,  it  is  the  cost  of  creating 
the  business. 

Development  Period— Physical. 

See  Physical  Dhvelopment  Period. 

Duplication  Cost. 

See  Cost  of  Reproduction,  under  Cost — Investment. 

Equal-Annual-Payment  Method. 

Under  Depreciation  Accounting. 
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Exchange  Value. 

Under  Value. 

Expectation  of  Life — Life  Term. 

These  terms  mean  the  estimated  economically  useful  life  of  the  dif- 
ferent units  or  different  groups  of  units  of  which  a  property  is  com- 
posed. 

Age. — The  length  of  time  that  the  property  unit  has  been  in 
use.    Sometimes  referred  to  as  past  life. 

Remaining  Life — Remaining  Service  Life. — Generally,  the  differ- 
ence between  the  age  and  the  total  expectation  of  life  of  a  property 
unit;  but,  as  the  unit  grows  older,  the  estimate  of  remaining  service 
life,  sometimes  termed  future  life,  may  be  changed  by  the  condition 
of  the  property  at  the  time  of  its  appraisal. 

Expense — Development. 

See  Development  Expense. 

Expenses—  Operating. 

See  Operating  Expenses. 

Fair  Return. 

This  term  is  used  to  indicate  the  return  to  which  the  owner  of  a 
public  utility  is  equitably  entitled  for  the  use  of  his  capital,  in  view 
of  the  risks  involved  and  the  efficiency  displayed  in  management. 

Fair  Value. 

Under  Value. 
Franchise. 

The  authority  granted  by  government  to  a  person  or  corporation  to 
create  and  operate  a  public  service  property,  to  use  public  property, 
and  often  to  condemn  property. 

Going  Value — Qoing  Concern  Value. 

These  terms  have  been  given  many  definitions.  Mr.  Justice 
Moody,  in  the  Knoxville  case,  referring  to  an  allowance  for  the  going 
concern,  makes  this  statement : 

,  "The  latter  sum,  we  understand  to  be  an  expression  of  the  added 
value  of  the  plant  as  a  whole,  over  the  sum  of  the  values  of  its  com- 
ponent parts,  which  is  attached  to  it  because  it  is  in  active  and  suc- 
cessful operation  and  earning  a  revenue." 

The  term  "going  value"  has  also  been  given  a  less  comprehensive 
meaning,  in  the  valuation  of  public  service  properties,  making  it  cor- 
respond closely  with  what  has  been  defined  heretofore  as  "development 
expense" ;  for  instance.  Judge  Miller,  in  the  Kings  County  Lighting 
case,  said : 

"I  define  'going  value'  for  rate  purposes  as  involved  in  this  case 
to  be  the  amount  equal  to  the  deficiency  of  net  earnings  below  a  fair 
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return  on  the  actual  investment  due  solely  to  the  time  and  expenditure 
reasonably  necessary  and  proper  to  the  development  of  the  business 
and  property  to  its  present  stage,  and  not  comprised  in  the  valuation 
of  the  physical  property." 

The  Committee  defines  the  term  as  the  difference  between  the 
exchange  value  and  the  physical  value  of  an  established  and  operating 
property,  due  to  the  intangible  values — such  as  franchise,  good  will, 
efficiency,  favorable  business  arrangements,  designs,  strategic  location, 
leases,  easements,  traffic  and  operating  agreements,  water  rights, 
strategic  advantages,  and  other  rights  or  privileges — in  contradis- 
tinction and  addition  to  the  development  expense  (or  tangible  costs 
and  losses  of  the  business-acquisition,  or  development-period,  which 
are  to  be  included  in  the  physical  value  of  the  property). 

Oood  Will. 

In  ordinary  business,  the  good  will  represents  the  special  value  that 
a  business  has  by  reason  of  its  popularity  and  the  amount  of  business 
thereby  attracted.     It  is  a  part  of  the  value  of  a  "going  concern". 

Improvements. 

Additions  and  betterments  to  an  existing  property. 
Inadequacy. 

Under  Depreciation. 
Increment. 

See  Appreciation. 
Intangible  Value. 

Under  Value. 
Inventory. 

The  schedule  with  items  multiplied  by  appropriate  prices. 

Investment. 

See  Cost — Investment. 

Item. 

Under  Unit. 

Items— Measurable. 

See  Aleasiirable  Items,  under  Unit. 

Life— Remaining. 

See  Remaining  Life,  under  Expectation  of  Life. 

Life  Term. 

See  Expectation  of  Life. 

Maintenance. 

The  act  of  keeping  a  property  in  condition  to  perform  adequately 
and  efficiently  the  service  for  which  it  is  xised.  The  term  may  be 
applied  either  to  the  property  units  which  are  kept  in  such  serviceable 
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condition  by  repairs  or  otherwise,  or  to  the  property  as  a  whole  which 
may  be  kept  in  such  condition  by  the  replacement  of  parts  which 
become  worn  or  otherwise  inefficient. 

Under  the  rules  prescribed  by  the  Interstate  Commerce  Commis- 
sion for  steam  roads,  the  word  "maintenance"  has  a  broader  signifi- 
cance, as  maintenance  expenses  include: 

"also  the  loss  through  depreciation  of  the  property  used  in  operations, 
including  all  such  expenses  resulting  from  ordinary  wear  and  tear  of 
service,  exposure  to  the  elements,  inadequacy,  obsolescence,  or  other 
depreciation,  or  from  accident,  fire,  flood,  or  other  casvxalty." 

Maintenance— Deterred. 

See  Deferred  Maintenance. 

Market  Value. 

Under  Value. 
Measurable  Items. 

Under  Unit. 

Obsolescence. 

Under  Depreciation. 

Operating  Expenses. 

Strictly  speaking,  these  are  the  expenses  incurred  in  operating  a 
property,  for  which  its  owner  is  entitled  to  receive  reimbursement 
through  sufficiently  large  earnings.  In  accounting,  the  term  has  been 
given  a  broader  meaning  to  include  all  expenses  necessary  for  the 
maintenance  of  the  integrity  of  the  property  and  its  operation. 

Original  Cost— Original  Cost  to  Date— Original  Cost  plus  Improvements. 

Under  Cost — Investment. 

Overhead  Charges. 

This  is  a  term  used  for  expenses  incurred  in  producing  a  property, 
which  cannot  well  be  included  in  the  unit  prices.  The  methods  of 
accounting  used  in  connection  with  the  construction  of  public  or 
public  service  works  do  not,  as  a  rule,  provide  for  the  charging  of  such 
expenses  as  those  for  promotion,  administration,  engineering,  interest. 
and  many  other  things  to  the  different  property  units,  although  they 
are  necessarily  a  part  of  the  cost  of  such  units.  In  the  preparation  of 
estimates  of  cost  provision  must  be  made,  also,  for  contingencies  which 
experience  has  shown  do  arise  during  construction.  Hence,  the  engi- 
neer, using  all  available  accounts  and  records  as  a  basis,  can  make 
the  most  accurate  estimate  of  reproduction  cost  by  applying  unit 
prices  which  do  not  include  these  overhead  charges,  and  adding  for 
the  different  elements  which  make  up  the  overhead  charges  such  per- 
centages of  the  total  cost  of  the  plant  units  or  measurable  items  of 
property,  otherwise  obtained,  as  are  warranted  by  experience. 
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Physical  Development  Period. 

The  period,  following  the  construction  period,  necessary  to  bring 
any  physical  property  to  present  operating  efficiency. 

Pliysicat  Value. 

Under  Value. 

Plant  Unit. 

See  Ukit. 

Prices. 

See  Unit  Prices. 

Property. 

See  Public  Service  Property. 

Property  Unit. 

See  Unit. 

Public  Purchase  Base. 

Under  Value. 

Public  Service   Commission. 

The  general  title  given  to  a  public  body  authorized  by  law  to 
regulate  or  control  the  actions  of  individuals,  corporations,  or  public 
bodies  owning  or  operating  public  utilities.  As  a  rule,  the  authority 
is  conferred  on  special  bodies,  as,  for  example,  the  Interstate  Com- 
merce Commission,  and  the  public  service  commissions  which  have 
been  created  in  recent  years  in  most  of  the  States,  but  this  authority 
may  also  be  conferred  on  the  governing  bodies  of  cities,  as,  for  in- 
stance, in  California,  where,  by  the  provisions  of  the  Constitution  of 
the  State,  the  supervisors  of  a  city  were  until  recently  required  each 
year  to  fix  the  rates  for  water  supplied  by  public  service  corporations 
to  such  city  and  its  inhabitants. 

Public  Service  Property— Public  Utility. 

The  popular  names  given  to  a  property  created,  under  the  pro- 
visions of  a  general  or  special  law,  to  furnish  service  to  the  public. 
The  public  utility  may  be  owned  or  controlled  by  individuals,  a  cor- 
poration, or  a  public  body. 

Public  Utility. 

See  Public  Service  Property. 
Rating  Base. 

See  Return  Base  under  Value. 
Remaining  Lite — Remaining  Service  Life. 

Under  Expectation  of  Life. 
Remaining  or  Depreciated  Value. 

Under  Value. 
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Renewal— Renewal  in  Kind— Replacement. 

Renewal. — The  making  new  of  plant  tmits  by  replacing  them  with 
corresponding  new  units,  although  the  term  is  sometimes  used  even 
when  the  new  units  are  not  altogether  similar  to  those  replaced. 

Renewal  in  Kind. — Used  to  indicate  that  the  renewal  is  made  with 
an  identical  plant  unit. 

Replacement. — The  act  of  replacing  a  plant  unit  which  is  going 
out  of  service,  with  a  substitute  which  may  be  either  identical  with 
the  unit  replaced  or  different  from  it.  A  replacement  which  increases 
the  value  is  classed  as  an  improvement  to  the  extent  of  its  increased 
cost. 

Renewal  Allowance. 

See  Depreciation  Allowance. 

Renewal  Fund. 

See  Depreciation  Fund. 

Renewal  In  Kind. 

Under  Renewal. 

Repairs. 

The  process  of  mending  or  of  restoring  to  a  sound  and  good  state. 
In  connection  with  the  valuation  of  a  public  service  property,  the  word 
may  have  two  very  different  meanings.  It  may  mean  either  the  mend- 
ing and  restoring  of  parts  of  a  unit  to  keep  it  in  a  sound  and  good 
state,  or  the  mending  and  restoring  of  the  defective  parts  of  the  whole 
plant  to  maintain  it  in  a  sound  and  good  state.  The  meaning  intended 
is  sometimes  indicated  by  the  context,  and  where  not  so  indicated  the 
difference  in  meaning  is  a  source  of  misunderstanding. 

The  frequently  used  term  current  repairs  refers  to  the  repairs  be- 
longing to  the  time  immediately  passing,  and,  like  the  word  repairs, 
may  relate  either  to  plant  units  or  to  the  whole  plant. 

Replacement. 

Under  Renewal. 

Replacement  Cost. 

See  Cost  of  Reproduction,  under  Cost — Investment. 

Replacement  Method. 

Under  Depreciation  Accounting. 

Reproduction  Cost. 

See  Cost  of  Reproduction,  under  Cost — Investment. 

Reproduction  Period. 

The  period  estimated  as  necessary  for  the  inception,  construction 
and  bringing  to  present  operating  efficiency  of  any  property.     It  em- 
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braces  a  construction  and  a  physical  development  period  and  the  period 
necessary  to  acquire  the  business  of  the  utility. 

Retiring  A  Ho  waace. 

See  Depreciation  Allowance. 

Retiring  Reserve. 

See  Depreciation  Reserve. 

Return  Base. 

Under  Value. 

Salvage  or  Scrap  Value. 

Under  Value. 
Schedule. 

A  detailed  list  of  all  of  the  items  of  property. 
Scrap  Value. 

See  Salvage  or  Scrap  Value,  under  Value. 
Service  Life. 

See  Expectation  of  Life. 

Sinlcing  Fund — Amortization  Fund. 

A  fund  instituted  and  invested  in  such  wise  that  its  gradual  ac- 
cumulations will  enable  it  to  meet  and  wipe  out  a  liability  or  debt  at 
maturity.  The  term  "sinking  fund"  is  sometimes  used  loosely  in  con- 
nection with  any  kind  of  a  fund  which  will  reach  the  amount  of  a 
liability  or  debt  at  maturity,  but  should  be  used  only  in  connection 
with  a  fund  made  up  of  annual  or  other  instalments  which  require  the 
accumulation  of  interest  in  order  to  reach  the  full  value  at  maturity. 

Sinlcing-Fund  Method. 

Under  Depreciation  Accounting. 

Straight-Line  Method. 

Under  Depreciation  Accounting. 

Supersession. 

Under  Depreciation. 
Taxing  Base. 

Under  Value. 

Unit. 

A  subdivision  of  a  plant  or  property  consisting  of  a  single  article 
or  item,  or  a  group  of  articles  or  items.  The  subdivision  of  the  plant 
or  property  into  units,  not  necessarily  the  same  for  different  pur- 
poses, for  convenience  in  estimating  cost  or  in  estimating  and 
placing  depreciation.  A  plant  unit  is  a  subdivision  of  the  physical 
property ;  a  property  unit  a  subdivision  of  either  physical  or  intangible 
property. 
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The  term  plani  unit  generally  relates  to  a  complete  unit  liive  a  loco- 
motive, a  buijding,  or  a  dam,  and  not  to  the  parts  like  the  wheels  of  a 
locomotive,  the  windows  of  a  building,  or  the  earthwork  or  masonry 
of  a  dam. 

The  word  unit  may  be  at  times  synonymous  with  the  word  item,  but 
frequently  will  include  two  or  more  similar  or  dissimilar  items.  For 
instance,  a  dam  may  be  called  a  property  unit,  but,  in  estimating  its 
cost  of  reproduction,  its  various  parts,  such  as  earthwork,  masonry, 
paving,  etc.,  would  be  entered  as  items  in  the  schedule.  On  the  other 
hand,  an  item  in  a  summarized  schedule  often  includes  many  units. 

Item. — An  article;  also  a  separate  article  or  entry  in  an  account 
or  schedule. 

Measurable  Items. — Items  of  physical  property  which  can  be  counted 
or  measured. 

Unit- Cost  Method. 

Under  Depreciation  Accounting. 

Unit  Prices. 

These  are  the  prices  or  costs  to  be  set  opposite  each  plant  unit  of 
the  schedule,  as  multipliers. 

Valuation. 

The  general  definition  is  the  act  of  valuing.  In  connection  with 
public  service  property,  the  word  means  the  determination  of  actual 
or  reproduction  cost,  depreciation,  and  the  many  other  factors  which 
affect  "fair  value"  or  the  bases  for  estimating  "fair  return",  permis- 
sible capital,  public  purchase  price,  or  proper  taxation  and  the  deter- 
mination of  such  "fair  value"  or  bases. 

Value. 

Primarily  defined  in  the  Standard  Dictionary  as  "the  desirability 
or  worth  of  a  thing  as  compared  with  the  desirability  of  something 
else".  As  the  desirability  or  worth  of  a  thing  is  usually  estimated  in 
money,  this  definition  in  the  present  case  may  be  abbreviated  to  "the 
desirability  or  worth  of  a  thing,  estimated  in  money". 

As  indicated  in  the  introductory  chapter,  the  Committee  is  of  the 
opinion  that  the  confusion  which  has  resulted  from  the  use  of  the 
word,  value,  because  of  the  many  different  shades  of  meaning  that  have 
been  given  to  the  word,  is  so  great  as  to  justify  a  modified  terminology. 
It  therefore  recommends: 

(a)  that  the  meaning  to  be  attached  to  the  word  value  be  the 
primary  meaning  as  defined  in  the  first  paragraph,  except 
when  it  is  necessary  to  use  the  words  "value"  and  "fair  value" 
with  the  meanings  assigned  to  them  by  the  Courts; 
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(h)  that,  in  so  far  as  the  practice  of  valuation  is  concerned,  the 
word  should  not  be  used,  except  as  above  stated,  without 
proper  modifying  words  to  indicate  what  meaning  is  intended; 

(c)  that  the  principal  purposes  of  valuation  being  to  furnish  a 
basis  for  a  purchase  or  rental  price,  to  obtain  evidence  as  a 
guide  for  rate-making  or  the  determination  of  the  reason- 
ableness of  rates,  to  furnish  a  basis  for  authorization  of 
capital,  and  to  furnish  a  basis  for  taxation — these  bases  not 
being  necessarily  the  same  and  not  being  the  equivalent  of 
value  in  every  case — the  use  of  the  word  value  should  be 
avoided  and  the  propriety  of  the  following  terms  recognized: 

Capitalization  Base. — The  sum  on  which  capital  securities  may  be 
issued  or  authorized. 

Public  Purchase  Base.— The  price  which  should  be  paid  in  the  case 
of  the  purchase  of  a  public  utility  by  the  public. 

Return  Base. — The  amount  on  which  the  public  service  company 
is  entitled  to  earn  a  "fair  return".  This  is  what  the  Courts  have 
termed  the  "fair  value",  in  various  rate  cases. 

Ta.ving  Base. — The  amount  which  should  be  subjected  to  taxation. 
Under  the  laws  of  some  States,  the  basis  to  be  used  for  taxation  of 
property  is  not  its  value  estimated  in  money  by  any  ordinary  rules,, 
but  a  sum  determined  in  accordance  with  such  laws. 

Exchange  Value. — The  desirability  or  worth  of  a  thing,  estimated 
in  money.     (See  also  Value  and  Market  Value.) 

Fair  Value. — As  applied  to  a  public  service  property,  this  is  a 
technical  term  used  by  the  Courts  to  express  a  base  for  rate  regiila- 
tion,  public  purchase,  capitalization,  or  other  purpose,  which  is  fairly- 
obtained  and  fair  to  the  parties  affected. 

Going  Value. — See  Going  Value — Going  Concern  Value. 

Intangible  Value. — Existing  value  which  is  not  represented  by- 
physical  property  and  is  not  measurable  by  determinable  cost.  Intan- 
gible value  exists  by  reason  of  franchise,  grants,  contract  rights,, 
location,  market,  age,  strategic  advantages,  and  efficiency,  and  possibly 
other  elements  that  give  a  property  value. 

Market  Value. — This  term,  applicable  only  to  a  property  for  which 
there  is  a  well-established  market,  has  been  properly  defined  as  the  sum 
which  a  willing  and  intelligent  buyer  desiring  such  property  would! 
give  for  it  to  a  willing,  intelligent  and  solvent  seller. 

Physical  Value. — The  value  of  the  physical  property  in  contra- 
distinction to  that  of  the  intangible  property.  Riggs,*  referring  to  the 
"physical  property"  element  of  value,  says : 

"This  consists  of  those  things  which  are  visible  and  tangible,  capable 
of  being  inventoried,  their  cost  of  reproduction  determined,  their  de- 

•  "The  Valuation  of  Public  Service  Corporation  Property",  by  Henry  Earle 
Riggs,  M.  Am.  Soc.  C.  E.,  Transactions,  Am.  Sop.  C.  E.,  Vol.  LXXII,  June,  1911,  p.  18. 
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preciation  measured,  and  without  which  the  property  would  be  unable 
to  produce  the  commodity  on  the  sale  of  which  income  depends.  This 
physical  property  is  considered  as  an  operating  entity,  and  not  as  a 
collection  of  inert  and  partly  worn-out  equipment,  and,  being  so  con- 
sidered, carries,  as  part  of  the  physical  value,  those  costs  and  charges 
which  are  an  inseparable  part  of  the  cost  of  construction  but  do  not 
appear  in  the  inventory  of  the  completed  property." 

This  definition  of  physical  property  is  broader  than  that  sometimes 
given,  which  excludes  the  overhead  charges.  The  Committee  agrees 
with  this  definition  of  Professor  Riggs,  as  all  costs  required  to  create 
the  physical  property  and  put  it  in  its  full  present  condition  of  operat- 
ing efficiency  should  be  included  in  determining  the  physical  value. 

Remaining  or  Depreciated  Value. — The  value  of  a  property  after 
proper  deduction  has  been  made  for  depreciation. 

Salvage  or  Scrap  Value. — These  terms  are  often  used  interchange- 
ably, but  a  distinction  may  be  made  that  salvage  is  the  net  value  which 
an  article  possesses  for  further  use  for  utility  purposes  other  than 
that  for  which  it  was  originally  used,  or  as  a  second-hand  article;  and 
scrap  is  the  net  value  of  an  article  no  longer  useful  for  service. 

Wear  and  Tear. 

Under  Depreciation. 

Weighted  Average. 

The  average  found  by  dividing  the  sum  of  the  several  products 
of  a  series  of  multiplications  of  variable  factors,  by  the  sum  of  the 
factors  of  one  class. 

Working  Capital. 

Under  Capital. 
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APPENDIX    1. 

DEPRECIATION   TABLES,* 

Based  on  Compound-Interest  Method.  Heretofore  Calljsd  Equal-Annual- 
Payment  Method. 

Accompanying  Report  of  the  Special  Committee  on  Valuation 

OF  Public  Utilities. 

Interest  Compounded  Annually. 

("Value"  is  value  at  end  of  year  ;  "  Dep."  is  depreciation  during  year.) 

5-Year  Life. 


Interest  Rate. 

Interest  Rate. 

Interest  Rate. 

Interest  Sate. 

—  00 

4% 

5% 

6% 

7% 

be  I" 

<-^ 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

0 

100.0000 

18.4627 

100.0000 

18.0975 

100.0000 

17.7396 

lOO.OOOO 

17.3891 

1 

81.5373 

19.2012 

81.9025 

19.0023 

82.2604 

18.8041 

82.6109 

18.6063 

2 

62.3361 

19.9693 

62.9002 

19.9525 

63.4563 

19.9322 

64.0046 

19.9087 

3 

42.3668 

20.7680 

42.9477 

20.9501 

43.5241 

21.1282 

44.0959 

21.3024 

4 

21.5988 

21.5988 

21.9976 

21.9976 

22.3959 

22.3959 

22.7935 

22.7935 

5 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

100.0000 
91.6709 
83.0086 
73.9998 
64.6308 
54.8869 
44.75.33 
34.2144 
23.2538 
11.8549 
0.0000 


.3291 
.6623 
,0088 
3690 
,7439 
1336 
,5389 
9606 
3989 
8549 


100.0000 


10 

100.0000 

92.0495 
83.7015 
74.9361 
65.7324 
56.0686 
45.9216 
35.2672 
24.0801 
12.8337 
0.0000 


-Year 

7.9505 
8.3480 
8.7654 
9.2037 
9.6638 
10.1470 
10.6544 
11.1871 
11.7464 
12.3337 


100.0000 


Life. 

100.0000 
92.4132 
84.3712 
75.8467 
66.8107 
57.2325 
47.0797 

36.3177 

I 

24.9099 
j  12.8177 
i   0.0000 


7.5868 
8.0420 
8.5245 
9.0360 
9.5782 
10.1528 
10.7620 
11.4078 
12.0922 
12.8177 


100.0000 


100.0000 
92.7623 
85.0179 
76.7314 
67.8648 
58.3776 
48.2263 
37.3644 
25.7421 
13.3063 
0.0000 


7.2377 
7.7444 
8.2865 
8.8666 
9.4872 
10.1513 
10.8619 
11.6223 
12.4358 
13.3063 


100.0000 


15- Year 

Life. 

0 

100.0000 

4.9941 

100.0000 

4.6342 

100.0000 

4.2963 

100.0000 

3.9795 

1 

95.0059 

5.1939 

95.3658 

4.8660 

95.7037 

4.5540 

96.0205 

4.2580 

2 

89.8120 

5.4016 

90.4998 

5.1092 

91.1497 

4.8273 

91.7625 

4.5561 

3 

84.4104 

5.6177 

85.3906 

5.3646 

86.8224 

5.1170 

87.2064 

4.8750 

4 

78.7927 

5.8424 

80.0260 

5.6330 

81.2054 

5.4239 

82.3314 

5.2162 

5 

72.9503 

6.0760 

74.3930 

5.9146 

75.7815 

5.7493 

77.1152 

5.5814 

6 

66.8743 

68.4784 

70.0322 

71.5338 

6.3192 

6.2103 

6.0944 

5.9722 

*  When  the  report  of 
to  25,  30,  35,  40,  45,  50, 


the  Committee  Is  finally  printed, 
60,  80,  and  100  years. 


these  tables  will  be  extended 
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1 

Interest  Rate. 

Interest  Rate. 

Interest  Bate. 

Interest  Rate. 

4% 

50/0 

60, 

0 

7% 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

Value. 

Dep. 

7 

60.5551 

6.5719 

62.2681 

6.5209 

63.9378 

6.4601 

65.5616 

6.3901 

8 

53.9832 

6.8348 

55.7472 

6.8468 

57.4777 

6.8476 

59.1715 

6.8375 

9 

47.1484 

7.1081 

48.9004 

7.1892 

50.6301 

7.2584 

52.3340 

7.3160 

10 

40.0403 

7.3925 

41.7112 

7.5487 

43.3717 

7.6941 

45.0190 

7.8282 

» 

32.6478 

7.6882 

34.1625 

7.9261 

35.6776 

8.1555 

37.1898 

8.3762 

12     1 

24.9596 

7.9957 

26.2364 

8.3224 

27.5221 

8.6450 

.  28.8136 

8.9625 

13 

16.9639 

8.3156 

17.9140 

8.7385 

18.8771 

9.1636 

19.8511 

9.5899 

14 

8.6483 

8.6483 

9.1755 

9.1755 

9.7135 

9.7135 

10.2612 

10.3612 

15 

0.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 

100.0000 

2{ 

)-Year 

Life. 

0 

100.0000 

3.3582 

100.0000 

3.0243 

100.0000 

2.7185 

100.0000 

2.4393 

1 

96.6418 

3.4925 

96.9757 

3.1755 

97.2815 

2.8815 

97.5607 

2.610O 

2 

93.1493 

3.6322 

93.8002 

3.3342 

94.4000 

3.0545 

94.9507 

2.7928 

3 

89.5171 

3.7775 

90.4660 

3.5010 

91.3455 

3.2377 

92.1579 

2.9832 

4 

85.73% 

3.9286 

86.9650 

3.6760 

88.1078 

3.4320 

89.1697 

3.1974 

5 

81.8110 

4.0857 

83.2890 

3.8598 

84.6758 

3.6379 

85.9723 

3.4218 

6 

77.7253 

4.2492 

79.4292 

4.0528 

81.0379 

3.8561 

82.5510 

3.6607 

' 

73.4761 

4.4191 

75.3764 

4.2554 

77.1818 

4.0876 

78.8903 

3.9169 

8 

69.0570 

4.5959 

71.1210 

4.4682 

73.0942 

4.3328 

74.9731 

4.1912 

9 

64.4611 

4.7797 

66.6528 

4.6916 

68.7614 

4.5928 

70.7822 

4.4845 

10 

59.6814 

4.9709 

61.%12 

4.9262 

64.1686 

4.8684 

66.2977 

4.7985 

11 

54.7105 

5.1698 

57.0350 

5.1725 

59.S002 

5.1604 

61.4992 

5.1348 

12 

49.5407 

5.3766 

51.8825 

5.4311 

54.1398 

5.4701 

56.3649 

5.4938 

13 

44.1641 

5.5916 

46.4314 

5.7027 

48.6697 

5.7982 

50.8711 

5.8783 

14 

38.5726 

5.8152 

40.7287 

5.9878 

42.8715 

6.1462 

44.9928 

6.2898 

15 

32.7573 

6.0479 

34.7409 

6.2872 

36.7253 

6.5149 

38.7080 

6.7301 

16 

26.7094 

6.2898 

28.4537 

6.6016 

30.2104 

6.9059 

31.9729 

7.2012 

17 

20.4196 

6.5114 

21.8521 

6.9317 

23.3045 

7.3202 

24.7717 

7.7052 

18 

13.8782 

6.8031 

14.9204 

7.8783 

15.9843 

7.7593 

17.0665 

8.2446 

19 

7.0751 

7.0741 

7.6421 

7.6421 

8.2250 

8.2250 

8.8219 

8.8219 

20 

0.0000 

100.0000 

0.0000 

0.0000 

0.0000 

100.0000 

100.0000 

100.0000 
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PAPERS  AND  DISCUSSIONS 

This  Society   is  not  responsible  for  any  statement  made   or  opinion  expressed 
in  its  publications. 


PROGRESS  REPORT  OF  THE  SPECIAL  COMMITTEE 
ON  A  NATIONAL  WATER  LAW* 


To  THE  American  Society  of  Civil  Engineers: 

Previous  Report. — At  the  Annual  Meeting,  January  19th,  1916 
(see  Proceedings  for  February,  1916,  page  97),  a  Progress  Report, 
agreed  upon  by  the  nine  members  of  the  Special  Committee,  was 
presented.  (This  had  already  been  printed  in  the  Proceedings  for 
December,  1915,  pages  2747  to  2751.)  The  report  pointed  out  the 
inadequacy  of  existing  water  laws,  the  relative  importance  of  the  uses 
of  water,  and  certain  general  principles,  concluding  with  a  recom- 
mendation that  the  Committee  be  continued  with  instructions  to 
include  in  its  consideration  State,  as  well  as  Federal  water  laws, 
and,  further,  that  it  be  authorized  to  enter  into  co-operative  relations 
with  similar  committees  from  other  professional  organizations. 

Membership  Reduced. — The  Committee  was  continued,  provision 
being  made  by  action  of  the  Board  of  Direction  on  April  18th,  1916, 
for  its  future  activity.  In  the  meantime,  however,  there  was  discussion 
of  the  advisability  of  reducing  the  number  of  members  of  such  Special 
Committees,  as  it  became  apparent  that  with  the  widely  scattered  mem- 
bership it  was  practically  impossible  to  convene  a  majority  of  the 
Committee  at  reasonable  expense  or  to  produce  effective  action.  As 
a  result  of  this  discussion,  the  number  of  members  of  this  Special 
Committee  was  reduced  from  nine  to  three.  (See  Proceedings  for 
August,  1916,  page  415.) 

Co-operation  Initiated. — Upon  the  reorganization  of  the  Special 
Committee,  correspondence  was  undertaken  with  a  view  to  entering 
into  co-operation  with  similar  committees  of  other  professional  organ- 
izations. In  particular,  the  suggestion  of  the  appointment  of  com- 
mittees was  made  to  the  various  National,  State  and  local  engineering 

*  To  be  presented  to  the  Annual  Meeting,  January  17th,  1917. 
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societies,  and  also  the  Bar  and  similar  associations.  Some  of  these 
have  responded,  but  in  many  cases  there  has  been  delay  due  to  the 
necessity  of  calling  special  meetings  and  of  making  provision  for  dis- 
cussion, before  effective  co-operation  could  be  begun.  All  of  this 
requires  much  time.  At  present  the  various  organizations  and  their 
committees  may  be  said  to  be  getting  under  way. 

The  subject  is  so  far-reaching,  and  the  imderlying  principles  so 
important,  that  few,  if  any,  of  the  organizations  and  the  committees 
desire  to  express  an  opinion  immediately  on  the  various  questions 
involved.  There  is  broad  interest  and  appreciation  of  the  vital  rela- 
tions of  the  subject  to  the  Engineering  Profession,  as  well  as  to  the 
public  in  general.  Such  appreciation  is  accompanied  by  the  expression 
that  ample  time  should  be  afforded  for  the  growth  of  a  sound  sentiment 
among  engineers  based  on  full  consideration  and  discussion  of  various 
phases. 

Pending  Discussions. — Most  of  the  principles  outlined*  in  the 
Progress  Report  have  been  accepted,  and  the  discussion  now  centers 
on  the  expansion  of  these  and  their  application  to  existing  conditions. 
One  of  the  points  which  is  attracting  attention  is  the  necessity  of 
recognition  in  statutory  law  and  in  Court  decisions  of  the  diversion 
of  water  from  one  drainage  system  or  watei:-shed  to  another.  The 
attitude  often  taken  in  the  past  is  that  such  action  constitutes  a 
trespass,  and  should  not  be  permitted.  Attempts  are  being  made  to 
bring  out  clearly  the  fact  that  diversions  of  this  character  are  neces- 
sary to  the  public  welfare  and  to  the  enjoyment  of  the  full  use  of  the 
watei"  resources  of  the  country.  Similarly,  the  matter  of  providing 
the  right  of  way  for  outlets  for  surplus  water  should  be  given  greater 
consideration,  so  that  public  interest  may  not  suffer  from  blocking 
the  delivery  of  water  across  State  lines. 

More  radical  than  other  suggestions,  perhaps,  is  that  of  the  need 
of  recognizing  the  condition  that,  with  increase  of  population  and 
rapid  change  in  surroundings,  there  must  be  occasional  readjustment ; 
the  laws  should  be  sufficiently  elastic  to  meet  the  common  needs  of 
the  people,  as  developed  from  decade  to  decade.  What  is  the  most 
important  need  to-day  may  be  less  so  during  the  next  generation. 
Navigation,  which  has  been  of  prime  importance  in  one  locality,  may 
properly  give  way  to  the  greater  public  needs  of  water  for  municipal 
supply,  or  for  the  production  of  crops  to  feed  the  people.  The  disposal 
of  waste  or  sewage  in  the  easiest  or  cheapest  manner  may  of  necessity 
yield  to  the  higher  needs  of  water  supply;  or,  in  some  instances,  the 
reverse  may  be  the  case.  In  particular,  the  pollution  of  interstate 
streams  is  a  subject  of  increasing  importance. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  December,  1915  (Papers  and  Discussions), 
p.  2749. 
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The  discussion  along  these  and  other  lines,  touched  upon  in  the 
former  Progress  Report,  indicates  that  the  Committee  has  entered 
upon  a  course  which,  for  results,  demands  long-continued,  systematic, 
and  intelligently  directed  efforts,  mainly  toward  the  diffusion  of 
information,  to  be  followed  by  discussion  of  these  large  matters  by  the 
great  body  of  engineers.  Any  attempt  to  initiate  legislation,  especially 
that  far-reaching  in  character,  before  the  engineers  as  a  whole  have 
fully  considered  the  imderlying  principles,  would  be  unfortunate.  The 
subject  is  so  complicated  and  the  members  of  the  Profession  in  general 
have  been  so  busy  during  the  past  year  that,  though  many  individuals 
have  expressed  deep  interest,  yet  they  defer  expressing  opinions,  and 
ask  that  more  time  be  given  for  deliberation. 

There  is  a  growing  belief  that,  in  Federal  affairs  having  to  do 
with  the  water  resources  of  the  country,  there  should  be  a  consolidation 
of  the  work  along  the  lines  suggested  by  President  Herschel  in  his 
Presidential  Address  of  June  27th,  1916.*  In  this  connection  attention 
is  invited  to  the  pamphlet  on  ''Water  Laws — State  and  National"  by 
Charles  N.  Chadwick,  Commissioner  of  the  Board  of  Water  Supply 
of  the  State  of  New  York,  in  which  he  advocates  a  National  Board 
of  Water  Conservation. 

The  most  important  criticism  of  the  Progress  Report  already  pre- 
pared is  that  of  the  statement  on  page  2749t  in  which  it  is  said: 

"The  Committee  finds  that  the  powers  of  Congress  are  so  restricted 
by  the  lack  of  Constitutional  authority  that  the  enactment  of  a  com- 
prehensive law  is  now  impossible." 

The  trend  of  the  recent  decisions  of  State  and  Federal  Courts  is 
toward  recognizing  that  Congress,  under  the  Constitution,  has  a 
larger  legal  authority  in  appropriating  water  than  has  been  heretofore 
generally  considered.  In  the  early  history  of  water  litigation,  con- 
troversies were  determined  almost  wholly  with  reference  to  the  rights 
of  individuals,  while  the  rights  of  the  State  or  Federal  Government, 
the  source  of  power,  were  seldom  if  ever  considered.  In  recent  years, 
however,  the  idea  of  the  adjudication  of  water  rights  by  a  general 
proceeding  involving  all  claims,  including  those  of  the  State  as  well 
as  those  of  individuals,  and  which  also  determine  what  unappropriated 
water  might  be  subject  to  State  laws,  have  brought  into  consideration 
the  rights  of  the  State.  The  United  States  also  has  entered  actively 
into  the  field  of  utilizing  water  in  its  own  right,  and  has  found  it 
necessary  to  appear  in  Court  to  protect  the  rights  which  it  claims,  so 
that  it  has  now  become  necessary  to  consider  the  Federal  Government 
in  connection  with  much  water  litigation. 

•  Transactions,  Am.  Soc.  C.  E..  Vol.  LXXX,  p.  1306. 

f  Proceedings,  Am.  Soc.  C.  E.,  for  December.    1915   (Papers  and  Discussions). 


1943 


A   NATIONAL   WATEE   LAW 


[Papers. 


Continuation. — Full  discussion  of  this  and  similar  matters  would 
be  premature.  It  is  therefore  recommended  that  the  Committee  be 
continued  with  a  view  to  developing  many  of  the  details  intx)  which 
the  matter  in  hand  ramifies. 


Respectfully  submitted, 


Committee  < 


T.  H.  Newell, 

Chairman, 

W.  C.  HOAD, 

John  H.  Lewis. 
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DESIGNING  AN  EARTH  DAM 
•      HAVING  A  GRAVEL  FOUNDATION, 
WITH  THE  RESULTS  OBTAINED  IN 
TESTS  ON  A  MODEL 

Discussion.* 


By  James  B.  Hays,  Jun.  Am.  Soc.  C.  E.f 


James  B.  Hays,:}:  Jun.  Am.  Soc.  C.  E.  (by  letter). || — The  deep  inter-    Mr, 


est  taken  in  the  paper  is  ample  evidence  that  many  engineers  are  always 
on  the  alert  for  any  bit  of  information  pertaining  to  this  subject.  All 
members  of  the  profession  will  welcome  any  information  based  on  fact, 
either  from  field  experience  or  models ;  although  the  former  is  greatly 
to  be  preferred,  the  latter  will  furnish  subject  matter  for  deep  study 
in  almost  any  case,  aiding  the  designer  to  base  his  judgment  on  some- 
thing more  than  guesswork.  The  writer's  object,  in  making  this  model 
and  testing  it,  was  to  apply  the  results,  not  directly,  but  toward  form- 
ing some  definite  theory  regarding  the  flow  of  water  under  dams. 

On  one  point  all  the  critics  of  the  paper  seem  to  agree  in  objecting 
to  the  results,  that  point  being  in  regard  to  the  size  of  the  model,  etc. 
There  is  only  one  factor  that  might  vary  with  a  larger  model  as  com- 
pared with  the  small  one,  and  that  is  in  regard  to  the  loss  of  head  due 
to  the  water  entering  the  soil. 

The  writer  would  earnestly  suggest  to  all  interested  to  try  the 
method  used  in  these  experiments  for  obtaining  the  correct  proportions 
of  soil  for  the  impervious  section,  whenever  the  occasion  or  chance 
should  arrive.     An  extremely  dense  mixture  will  be  obtained,  and  this, 

*  Discussion  of  paper  by  James  B.   Hay.s,   Jun.  Am.  Soc.   C.  E.,  continued  from 
October,  1916,  Proceedings. 
t  Author's  closure. 
t  Boise,  Idaho. 
II  Received  by  the  Secretary,  October  31st,  1916. 
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Mr.  when  properly  placed,  will  hardly  leave  room  for  the  hygroscopic  mois- 
*^^'  ture.  When  once  saturated,  the  mixture  will  remain  so  for  a  long 
period,  even  though  there  is  no  water  above  the  dam  to  force  the  water 
into  it.  This  was  the  writer's  experience.  After  soaking  the  model 
completely,  the  results  did  not  seem  to  change,  whether  or  not  the  model 
was  left  with  a  full  head  of  water  for  24  hours. 

The  writer  has  due  respect  for  the  "line  of  creep"  theory,  and  real- 
izes that  many  excellent  structures  have  been  built  on  that  basis;  but 
it  certainly  did  not  hold  good  for  the  upper  row  of  sheet-piling,  when 
the  design  is  considered  part  by  part;  and,  at  the  same  time,  the  lower 
row  of  piling  produced  excessive  results,  which  certainly  were  not  caused 
by  the  upper  row  of  piling  being  in  place,  other  than  that  the  total 
results  were  lower  than  if  the  lower  row  of  piling  had  been  ^he  only 
one  used.  In  other  words,  although  the  total  results  approached  the 
"line  of  creep"  theory,  why  did  not  either  row  of  piling  show  a  loss  of 
head  based  on  the  same  assumption  ?  The  only  answer  to  this  question, 
in  the  writer's  opinion,  is  in  the  partly  closed  valve  theory. 

Imagine  a  pipe  line  with'  two  valves ;  close  the  lower  one  nearly  half 
way,  and  then  close  the  upper  one  only  one-eighth  of  the  whole  distance. 
The  discharge  is  lessened,  the  velocity  through  the  main  portions  of  the 
pipe  is  lessened  as  a  result,  but  the  lower  valve  (corresponding  to  the 
lower  sheet-piling)  creates  no  small  loss  of  head  (assuming  that  the 
water  is  passing  through  the  pipe  and  not  standing  still),  which  is  repre- 
sented by  a  high  velocity  through  the  valve.  The  upper  valve  does  not 
have  its  full  effect,  does  not  produce  the  loss  of  head  that  it  would  were 
the  lower  valve  not  closed.  The  reason  is  that  the  water  velocity  is  low- 
ered by  closing  the  lower  valve  for  the  entire  pipe,  consequently  the 
quantity  is  less,  and  hence  a  lower  velocity  or  loss  of  head  is  required 
at  the  upper  valve  to  pass  the  smaller  quantity  of  water,  when  com- 
pared with  the  original  discharge.  It  is  quite  evident  that  the  upper 
valve  does  not  have  the  same  effect  on  the  lower  one,  although  it  does 
assist  in  lowering  the  total  discharge.  If  the  lower  valve  were  closed 
still  more,  by  an  amount  equal  to  the  closing  of  the  upper  valve,  and 
the  upper  valve  were  opened,  the  total  loss  of  head  would  be  greater 
than  for  the  two  valves  partly  closed,  as  just  described.* 

Extend  the  piling  cut-off  deep  enough  to  leave  only  a  very  small 
opening  between  the  bottom  of  the  pile  and  bed-rock,  and  we  have, 
horizontal  745  ft.,  vertical  2  X  239  =  478  ft.;  then  the  total  creep  is 
1  223  ft.,  and  the  gradient  is  1 :  12.23.  The  loss  of  head  due  to  the 
piling  would  be  about  39  ft.,  whereas  the  actual  loss  of  head  could  not 
fail  to  be  far  greater  than  the  above  figure.  Extend  the  piling  still 
deeper,  leaving  an  infinitesimal  opening  under  the  cut-off  for  the  water, 
and  the  results  will  depart  still  farther  from  the  "line  of  creep"  theory. 

•  "Treatise  on  Hydraulics",  by  Merriman,  Art.  88  ;  also  Transactiotis,  Am.  Soc. 
C.  E.,  Vol.  XXVI  (1892),  p.  449. 
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It  was  for  this  reason  that  the  writer  discarded  this  theory,  when    Mr. 
it  failed  to  hold  out,  and  accepted  the  "partly  closed  valve"  theory,     *^  ' 
which  explained  thoroughly  the  results  obtained  with  the  model. 

There  must  be  a  limit  to  the  "line  of  creep"  theory  somewhere,  but 
it  is  not  mentioned  in  any  of  the  standard  works  discussing  the  subject. 
Weisbach's  experiments  show  that  a  gate-valve  closed  seven-eighths 
produces  a  loss  of  head  nearly  47  times  as  great  as  when  closed  only 
half  way,  the  "line  of  creep"  theory,  under  the  same  conditions,  shows 
that  the  loss  of  head  due  to  closing  down  seven-eighths  is  only  one  and 
one-half  times  the  loss  produced  by  closing  half  way. 

That  the  leaky  condition  of  the  upper  row  of  sheet-piling  should  be 
plainly  visible  from  a  great  distance,  and  not  to  the  experimenters,  is 
strange.     Attention  is  called  to  the  notes  below  Tables  2  and  3. 

The  low  heads  reported  for  the  points,  H  to  K,  were  taken  simul- 
taneously with  the  readings  for  the  other  tubes,  and  the  drain  valve 
was  closed,  during  all  experiments  and  between  days,  and  the  leakage 
from  the  tank  was  nil. 

All  gravel  larger  than  1^  in.  in  diameter  was  removed  from  the 
material  placed  in  the  bottom  of  the  tank,  and  1  in.  was  the  limit 
allowed  for  material  in  the  section  of  the  model.  This  was  done  in 
order  to  eliminate  leakage  surfaces  for  the  water  to  follow,  as  they 
would  be  all  out  of  proportion  to  the  size  of  the  model. 

The  quantity  of  water  entering  the  vertical  circular  tank  was  the 
same  as  that  leaving  the  drain  at  the  time  the  readings  were  made. 
Time  was  allowed  for  the  water  to  adjust  itself  to  the  conditions. 
Lowering  the  head  on  top  of  the  soil  in  the  vertical  tank  caused  the 
water  to  lower  in  both  tubes  by  the  same  distance.  It  was  determined 
definitely  that  the  water  was  not  held  up  in  the  tank  sufficiently  to 
affect  the  readings  of  the  lower  tube  at  any  time. 

Water  did  not  flow  through  the  drain  valve  during  the  experiments 
on  the  model,  as  Mr.  La  Rue  seems  to  have  understood;  this  would 
have  defeated  the  experiments  entirely.  Instead,  the  water-table  was 
forced  up  to  within  a  short  distance  of  the  ground  surface  below  the 
dam  to  represent  the  actual  conditions,  as  nearly  as  possible.  Prac- 
tically all  the  material  comprising  the  foundation  of  the  dam  at  the 
actual  site  is  saturated.  There  is  a  definite  underground  stream  flow- 
ing down  the  valley. 

Where  the  upward  pressure  against  the  base  of  the  dam  was  men- 
tioned by  the  writer,  it  was  meant  to  be  inferred  that  it  was  the  pressure 
on  an  imaginary  plane,  just  as  one  would  speak  of  the  hydrostatic 
pressure  at  a  certain  point  in  a  body  of  water. 

Evidently  Mr.  Petterson  disregards  the  writer's  idea  of  making  the 
down-stream  section  of  the  dam  more  stable  by  having  a  very  small 
upward  pressure  beneath  that  portion,  whereas,  in  designs  such  as  Fig. 
14,  a  very  high  percentage  of  the  material  in  the  down-stream  section 
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Mr.  is  thoroughly  saturated,  because  the  hydraulic  gradient  is  close  to  the 
surface.  Assuming  in  both  cases  that  a  cut-off  wall  through  the  main 
portion  of  the  structure  will  cause  all  percolation  water  to  come  under 
the  dam,  the  hydraulic  gradient  is  in  both  cases  projected  at  a  slope 
of  1 :  10,  beginning  at  the  toe  and  extending  up  stream.  In  Fig.  15 
the  lower  225  ft.  of  the  down-stream  section  just  covers  the  hydraulic 
grade  line.  Mr.  Petterson  has  taken  his  hydraulic  grade  line  below 
the  base  of  the  dam  apparently  to  indicate  the  upward  pressure  on  the 
base,  or  the  imaginary  plane  which  we  call  the  base.  The  water  will 
rise  in  the  body  of  the  dam  to  an  extent  governed  by  the  upward  pres- 
sure at  any  point.  Where  y  and  z  or  y'  and  z'  are  respectively  equal 
or  nearly  equal,  it  is  readily  seen  that  the  water  will  rise  in  the  body 
of  the  dam  to  the  line  as  shown,  z  or  z'  above  the  base.  Thus,  the 
hydraulic  grade  line  for  the  lower  portion  of  the  down-stream  section 
of  the  section  shown  in  Fig.  15,  will  be  identical  with  the  surface  of 
the  material  constituting  the  dam.  In  an  earth  dam  this  would  cer- 
tainly be  disastrous.  Continue  the  gradient  at  the  rate  of  1  on  10 
for  the  next  175  ft.  under  the  portion  with  the  1  on  2  slope,  and  it  will 
be  observed  that  a  large  portion  of  this  down-stream  section  will 
undoubtedly  become  saturated.  Of  the  down-stream  section  of  Fig. 
15,  it  is  computed  that  453  cu.  yd.  per  lin.  ft.  of  material  will  be  dry, 
that  is,  above  the  hydraulic  gradient  (1:10).  Fig.  17,  which  cor- 
responds to  the  writer's  second  section,  shows  that  717  cu.  yd.  per  lin. 
ft.  of  material  in  the  same  section  will  be  dry.  Mr.  Petterson's  argu- 
ments on  this  point  convince  the  writer,  more  than  ever,  of  the  advisa- 
bility of  having  as  much  material  as  possible  in  the  down-stream  sec- 
tion dry,  in  order  to  secure  stability.  Figs.  14  and  16  can  be  com- 
pared in  the  same  manner,  showing  even  greater  advantages  in  favor 
of  the  latter,  as  very  little  of  the  material  in  Fig.  14  will  lie  above  the 
hydraulic  gradient.  Material  below  the  hydraulic  gradient  will  lose 
about  50%  of  its  weight,  which  might  be  exerted  toward  increasing 
stability,  due  to  buoyancy.  Using  Figs.  14  to  17,  the  writer  has  pre- 
pared Figs.  23  to  26,  on  which  the  hydraulic  gradients  are  drawn 
through  the  down-stream  section,  in  order  to  show  the  dry  and  satu- 
rated sections  in  each  case. 

Regarding  the  possible  underflow  to  be  expected  under  the  finished 
structure,  it  would  seem  that  several  engineers  have  jumped  to  con- 
clusions in  this  matter.  Assume  that  the  water  flows  through  the 
foundation  material  of  the  dam  in  the  same  manner  as  through  a 
large  bundle  of  very  small  pipes.  These  pipes  will  have  such  a  small 
diameter  that  capillary  action  will  have  a  great  effect  proportionately, 
and  the  velocity  of  the  water  will  be  so  low  that  the  discharge  will  vary 
directly  as  the  first  power,  rather  than  the  square — this  being  an 
elementary  rule  in  hydraulics.     The  length  of  flow  and  the  increased 
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head  in  the  proposed  final  structure  will  be  proportionate,  hence  there    Mr. 
Avill  he  the  same  loss  of  head  per  unit  of  distance  along  the  base  of  ^^y^- 
the  dam;  but  multiplying  the  area  through  which  the  discharge  takes 
place  will  produce  different  results  from  those  obtained  by  taking  the 
required  number   of  bundles  of  pipes.     Two   pipes  having  the   same 
total  area   as  a  larger  pipe  will  not  have  the  same  capacity  as  the 


larger  pipe — assuming,  of  course,  that  the  loss  of  head  per  unit  dis- 
tance is  the  same  in  each  case.  The  velocity  is  higher  in  the  larger 
pipe,  with  the  same  loss  of  head  per  foot,  than  in  the  two  smaller  pipes. 
Many  of  the  criticisms  of  the  tests  are  well  taken,  but  the  writer 
hoped  for  more  discussion  containing  real  meat,  rather  than  theory. 
It  will  imdoubtedly  be  a  long  time  before  anything  definite  can  be 
decided  which  will  furnish  a  sound  basis  for  sheet-pile  cut-off  walls, 
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5ir.  under  similar  conditions,  other  than  the  information  now  available. 
Hays,  ^g  mentioned  previously,  the  "line  of  creep"  theory  is  not  yet  to  be 
discarded,  but  it  has  not  yet  been  practically  proved,  except  as  regards 
the  fact  that  dams,  well  built,  and  following  that  theory,  have  stood 
the  test.  Actual  records  of  the  loss  of  head  due  to  piling  seem  to  be 
lacking,  and  this  is  what  the  writer  wanted  to  know  when  the  tests  on 
the  model  were  attempted.  He  is  firmly  convinced  that  tests  on  a  large 
model  of  the  same  structure  would  show  similar  results,  aside  from 
the  entry  head. 
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THE  DESIGN  OF  A  DRIFT  BARRIER 

ACROSS  WHITE  RIVER 

NEAR  AUBURN,  WASHINGTON 

Discussion.* 


By  W.  J.  Roberts,  M.  Am.  Soc.  C.  E. 


W.  J.  Roberts,!  M-  Am.  Soc.  C.  E.  (by  letter).:}: — The  author  has    Mr. 
given  such  an  excellent  description  of  this  unique  structure,  the  Drift  ^o^^^^^. 
Barrier,  that  little  of  value  can  be  added. 

H.  M.  Chittenden,  M.  Am.  Soc.  C.  E.,  has  also  given  a  clear  descrip- 
tion of  the  flood  problem  to  which  the  Drift  Barrier  pertains.  || 

The  funds  for  improving  the  White,  Stuck,  and  Puyallup  Rivers 
are  provided  by  a  joint  agreement  between  King  and  Pierce  Counties, 
Washington,  60%  being  paid  by  King  and  40%  by  Pierce  County.  A 
sum  of  $250  000  is  available  each  year  for  6  years,  and  a  maintenance 
fund  of  $50  000  a  year  for  99  years  is  provided. 

The  improvement  was  begun  in  January,  1914,  and  the  largest  ex- 
penditure to  date  has  been  for  the  rectification  of  the  river. 

Closely  following  the  dredge,  the  banks  of  the  new  channels  are 
protected  from  erosion  by  concrete  paving  on  the  slopes  and  a  brush 
mattress  at  the  toe,  ballasted  with  rock. 

The  rainy  season  of  1915-16  brought  four  high  waters,  one  of  which 
was  higher  than  any  since  the  flood  of  November,  1906.  The  Barrier 
was  tested  severely  by  these  floods,  and  demonstrated  fully  its  value 
and  efficacy. 

Its  location  has  been  questioned  by  Gen.  Chittenden.  At  the  site 
chosen  by  the  Chittenden  Board  in  1907  a  diversion  dam  has  since  been 

*  Discussion  of  paper  by  H.  H.  Wolff,  M.  Am.  Soc.  C.  E.,  continued  from  August, 
1916,  Proceedings. 

t  Tacoma,  Wash. 

+  Received  by  the  Secretary,   November  13th,   1916. 

II  Proceedings,  Am.  Soc.  C.  E.,  August,  1916,  p.  1083. 
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Mr.  constructed  to  prevent  further  flow  of  White  River  northward.  The 
Ro  erts.  ppgggj^j.  gj^g  ^^g  chosen  for  the  principal  reason  that  it  was  feared  such 
a  structure,  at  the  site  originally  selected,  would  jeopardize  the  diver- 
sion dam.  The  criticism  that  changing  the  site  to  a  point  3  miles  up 
stream  would  leave  drift -producing  territory  below  it,  is  a  natural  one. 
It  should  be  noticed,  however,  that  Figs.  12  and  13,  are  reproductions 
from  photographs  of  drift-producing  territory  below  the  original  pro- 
posed site  for  the  Drift  Barrier.  This  territory,  as  well  as  the  entire 
channel  from  the  Barrier  to  the  Sound,  must  be  thoroughly  cleared 
before  the  improvement  is  completed.  The  removal  of  these  "wrack 
heaps"  is  expensive,  but  is  fundamental  in  rectifying  a  stream  of  this 
character. 
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Fig.  14. — S.VME  View  as  Pig.  12,  Aftek  Cleaeing  River  Channel,  1  Mile  Below 

Diversion  Dam. 


Fin.   1.5. — Same  View  as  Fig.  13,  After  Clearing  River  Channel,  2  Miles  Below 

Diversion  Dam. 
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-2  040  Cords  of  Drift  Coi.lectkd   within  a  Radius  of  800  Feet,  at 
Point  Shown  on  Fig.  12,  1  Mile  Below  Diversion  Dam. 
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Fig.   17. — Drift  Barrier  :  Drift  Accumulation.  March,  1916. 
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Fig.  18. — Drift  Barrier.  March.  1916. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITUTED     1852 


PAPERS  AND  DISCUSSIONS 

This   Society   is  not  responsible  for  any  statement  made   or  opinion  expressed 
In  its  publications. 


THE  PRESERVATION  OF  SANDY  BEACHES 
IN  THE  VICINITY  OF  NEW  YORK  CITY 

Discussion.* 


Bv  Messrs.  B.  F.  Cresson,  Jr.,  and  Elliott  J.  DENT.f 


B.  F.  Cresson,  Jr.4  M.  Am.  Soc.  C.  E.  (by  letter). ||— The  question     Mr. 
of  beach  protection  raised  in  this  paper  is  one  of  great  importance  ^'■''^'***°- 
to  the   State  of  New  Jersey,  and  for  several  years  the  condition  of 
the  beaches  has   been   under  observation  by  the  New  Jersey  Harbor 
Commission  and  its  successor,  the  New  Jersey  State  Board  of  Com- 
merce and  Navigation. 

Particularly  was  this  matter  earnestly  studied  during  the  winter 
of  1914-15,  when  great  damage  was  done  to  the  northerly  New  Jersey 
coast  between  Long  Branch  and  Sandy  Hook.  The  damage  was  espe- 
cially great  at  Seabright.  but  serious  erosions  occurred  along  the 
Southern  New  Jersey  coast,  notably  at  Longport  and  Stone  Harbor. 
Plans  were  prepared  by  the  New  Jersey  Harbor  Commission  in  1915 
indicating  a  form  of  coast  protection  and  urging  a  comprehensive 
plan  to  be  adopted  in  order  that  the  beach  might  be  saved  and  built, 
instead  of  being  damaged  by  the  various  types  of  coast  protection 
which  have  been  placed  without  reference  to  each  other  and  to  a 
general  plan.  Each  individual  property  owner  usually  had  his  own 
plan  prepared  and  his  own  structures  built  without  respect  to  his 
neighbor,  and  the  damages  that  were  done  were  due,  at  least  partly, 
to  the  lack  of  a  general  study  and  a  general  plan.  This  is  notably 
the  case  in  the  vicinity  of  Seabright. 

•  Discussion  of  the  paper  by  Blliott  J.  Dent,  M.  Am.  Soc.  C.   E.,  continued  from 
September,  1916,  Proceedings. 
t  Author's  closure. 
t  Jersey  City,   N.  J. 
II  Received  by  the  Secretary,  October  21st.  1916. 
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Mr.  The  writer  has  read  this  paper  with  much  interest  and  considers 

resson.  -^  ^  valuable  contribution  to  the  somewhat  meager  literature  on  this 
subject,  but  is  compelled  to  take  exception  to  some  of  the  author's 
conclusions. 

The  opening  paragraph  of  the  paper  states:  "The  object  of  this 
paper  is  *  *  *  to  emphasize  the  damage  that  must  inevitably 
result  to  the  beaches  as  a  whole  if  the  erection  of  structures  that  inter- 
fere with  littoral  drift  is  allowed  to  continue",  and,  supporting  this 
statement,  the  author  says: 

*'In  order  that  littorally  drifting  material  may  pass  a  jetty,  or  a 
groin,  it  is  necessary  for  it  to  travel  into  deeper  water  than  would 
be  the  case  on  an  unobstructed  beach,  and  this  deflection  reduces  the 
probability  of  its  ever  being  returned  to  the  beach.  For  these  reasons 
jetties  and  groins  must  inevitably  cause  a  wastage  of  beach  material." 

Although  this  may  be  the  case  with  high  jetties  or  groins,  the  writer 
has  observed  that  it  does  not  apply  with  low  groins.  Where  low  groins 
are  used,  and  where  there  is  a  drift  of  the  sand,  the  tendency  is  to 
build  up  a  beach  and  numerous  instances  show  it.  Groins,  1  or  2  ft. 
above  the  level  of  the  sand,  will  allow  the  current  to  pass  over  them, 
and,  in  doing  so,  retard  the  speed  of  the  drift;  then  the  sand  in  sus- 
pension will  be  deposited  on  both  sides  of  the  groin.  There  are 
numerous  instances  to  show  that  this  is  the  case. 

The  groins  which  the  Central  Railroad  Company  of  New  Jersey 
has  recently  built  in  the  vicinity  of  Monmouth  Beach  have  already 
commenced  to  gather  sand,  and,  in  conjunction  with  a  sloping  bulk- 
head, appear  to  be  the  most  effective  method  of  reclaiming  the  beach 
and  stopping  erosion. 

The  writer  can  scarcely  agree  with  the  following  conclusion  by  the 
author : 

"It  would  seem  that  the  only  salvation  for  many  sections  of  that 
beach  lies  in  the  construction  of  sea-walls  of  sufficient  strength  to 
combat  the  waves  until  such  time  as  new  berms  are  formed,  if  such 
time  ever  comes." 

The  writer  believes  that  a  combination  of  low  groins  and  a  bulk- 
head or  sea-wall  with  a  sloping,  curved,  or  broken  face,  so  that  the 
receding  waves  may  not  scour  at  the  toe  of  the  wall  and  carry  the  sand 
to  sea  by  the  undertow,  is  the  most  effective  method  of  gathering  beach 
and  of  protecting  the  foreshore.  Neither  groins  alone,  nor  bulkheads 
alone,  will  accomplish  this  result,  in  the  writer's  judgment,  under  con- 
ditions such  as  exist  along  the  New  Jersey  coast. 

Instead  of  attempting  to  combat  the  waves  by  the  strength  of  a 
heavy  sea-wall,  the  writer  believes  it  is  far  better  to  attempt  to  guide 
the  forces  of  Nature  by  permitting  the  sand  to  collect  in  front  of 
the  bulkhead  by  the  placing  of  low  groins;  the  sand  itself  will  then 
form  a  protection  for  the  bulkhead. 
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Elliott  J.  Dent*  M.  Am.  See.  C.  E.  (by  letter).t — In  the  first    Mr. 
paragraph  of  the  paper,  its  application  was  limited  to  that  portion  of  ^^^*' 
the  New  Jersey  shore  north  of  Asbury  Park.     Asbury  Park  should 
have  been  included,  as  that  beach  was  visited  on  several  occasions,  and 
the  remarks  and  conclusions  are  applicable  to  it. 

The  discussion  has  been  directed  principally  toward  the  writer's 
remarks  in  regard  to  groins  and  the  detrimental  results  that  must 
inevitably  result  if  structures  interfering  with  the  littoral  drift  are 
erected  along  the  beaches  under  consideration.  Before  taking  up  the 
discussion  in  detail,  a  few  additional  general  remarks  in  regard  to 
littoral  drift  are  necessary. 

Littoral  drift  is  generally  spoken  of  as  though  it  were  of  constant 
magnitude;  beaches  are  referred  to  as  being  in  equilibrium,  due  to  the 
fact  that  the  littoral  drift  brings  to  them  as  much  material  as  it  takes 
away.  As  a  matter  of  fact,  no  such  equilibriimi  will  be  found  to  exist 
along  beaches  around  New  York  City;  such  beaches  undergo  erosion 
for  a  period  of  years,  and  subsequently  there  is  a  period  of  accretion; 
the  growth  and  denudation  of  the  beach  occur  in  what  may  be  styled 
"cycles".  The  cause  of  these  cycles  is  apparently  the  progress  of  sand 
waves  along  the  shore.  If  the  point  where  the  temporary  berms  are 
widest  is  called  the  crest  of  a  sand  wave,  and  the  point  where  the  semi- 
permanent dunes  are  subjected  to  attack  is  called  the  trough,  two  such 
waves  were  in  evidence  during  the  summer  of  1915.  In  one  case  the 
trough  of  such  a  wave  was  traveling  along  the  sea  wall  at  the  south 
end  of  the  Sandy  Hook  Military  Reservation,  while  wide  berms,  cor- 
responding to  the  preceding  crest,  might  have  been  seen  a  mile  or  so 
farther  north.  At  Long  Beach,  temporary  berms  of  considerable  width 
existed  in  front  of  the  boardwalk  and  for  a  distance  of  perhaps  2  miles 
to  the  east;  the  berms  then  disappeared,  and,  for  a  considerable  dis- 
tance, the  sea  was  making  a  direct  attack  on  the  semi-permanent  dunes ; 
still  farther  east,  in  the  vicinity  of  Point  Lookout,  wide  berms  were 
again  in  evidence. 

The  material  comprising  the  temporary  berms  is  loose  and  friable, 
but  when  they  have  been  removed,  the  remaining  beach  material  along 
the  New  Jersey  shore  will  be  found  to  contain  a  large  percentage  of 
gravel,  which  offers  considerable  resistance  to  further  erosion.  What- 
ever may  be  the  cause  of  the  added  resistance,  the  beaches  along  the 
Long  Island  shore  appear  to  be  much  harder  and  much  less  susceptible 
to  erosion  after  the  temporary  berms  have  been  removed  than  they  are 
while  such  berms  are  in  existence ;  the  temporary  berms  are  loose  under 
foot,  and  walking  along  them  is  a  considerable  labor,  while,  at  the 
same  elevation,  where  the  berms  have  been  removed,  the  beach  will  be 
found  to  be  fairly  compact  and  the  walking  easy. 

*  Little  Rock,  Ark. 

t  Received  by  the  Secretary,  November  4th,  1916. 
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Mr.  Suppose,  for  example,  that  an  engineer  has  been  called  on  to  design 

works  for  the  protection  of  a  beach  1  mile  in  length,  and  that,  due  to 
the  passage  of  the  trough  of  a  sand  wave,  this  frontage  has  been  sub- 
jected to  an  attack.  Suppose,  further,  that  the  crest  of  a  new  sand 
wave  is  approaching.  If  no  interests  other  than  those  of  this  particular 
mile  of  beach  are  to  be  considered,  it  may  be  feasible  to  stop  the  pass- 
ing of  the  littoral  drift  by  the  erection  of  a  jetty  of  such  height  and 
length  that  no  sand  will  pass  around  or  over  it  until  the  windward 
beach  has  grown  up  to  the  desired  extent.  The  cove  formed  on  the 
windward  side  of  this  jetty  having  been  once  filled  by  the  littoral  drift, 
and  the  shore  line  having  advanced  to  the  end  of  the  jetty,  the  drifting 
sand  would  proceed  around  its  end,  and  would  eventually  travel  along 
the  leeward  beaches  as  though  no  obstruction  had  been  created. 

For  the  protection  of  such  a  beach,  Mr.  Higgins  proposes  the  use 
of  groins.  According  to  him,  such  groins  will  cause  the  line  marked 
"Plunge  Point",  on  Fig.  7,  to  advance  seaward,  and  the  other  lines  to 
advance  a  similar  distance.  Mr.  Higgins  states  that  the  quantity  of 
material  required  to  extend  the  beach  "a  few  hundred  feet"  is 
"negligible". 

Conceding  for  the  moment  that  the  line  marked  "Plunge  Point" 
and  the  other  lines  of  the  beach  may  be  moved  seaward  by  the  con- 
struction of  groins,  the  following  propositions  will  logically  follow: 

(a). — The  material  used  to  build  up  the  beach  is  the  same  in  the 
case  of  the  jetty  as  in  the  case  of  the  groins. 

(h). — On  account  of  the  increased  depth  of  the  reclaimed  areas, 
as  compared  with  the  depths  over  the  areas  that  would  have 
been  reclaimed  by  the  natural  berms,  the  former  area  will  be 
less  than  the  latter. 

(c). — Fixation  of  the  drifting  sand  to  reclaim  the  artificial  beach 
will  postpone  for  a  corresponding  period  the  date  when  the 
leeward  beaches  will  receive  a  new  supply  of  material. 

(d). — Dependent  on  the  particular  location,  the  length  of  beach 
benefited  may  be  less  than  that  injured. 

If  the  drift  was  passing  in  a  steady  stream,  the  erection  of  a  jetty 
or  of  a  system  of  groins  (still  assuming  for  the  sake  of  argument  that 
a  system  of  groins  will  check  the  littoral  drift)  would  result  in  the 
creation  of  an  artificial  trough,  and  the  leeward  beach  would  be  sub- 
jected to  the  attack  which  always  accompanies  the  passage  of  such  a 
trough.  Other  conditions  might  be  assumed,  but  the  conclusions  would 
be  in  no  wise  modified. 

Any  structure  that  stops  and  retains  the  littorally  drifting  sand  in 
front  of  any  particular  property  must  inevitably  induce  an  attack  on 
the  leeward  property.  It  is  an  extraordinary  fact  that  though  the 
stoppage  of  the  littoral  drift  by  a  jetty  is  so  generally  recognized  as 
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being  detrimental  to  the  leeward  beaches,  it  is  claimed,  nevertheless,  by   Mr. 
numerous  writers,  that  the  stoppage  of  the  same  drift  in  front  of  the 
same  property  may  be  effected  by  the  use  of  groins  without  damaging 
the  leeward  property. 

Turning  now  to  the  questions  raised  as  to  whether  gi'oins  will  actu- 
ally check  the  littoral  drift  and  cause  an  accretion  to  the  beach  in  one 
case,  or  whether  a  sj'stem  of  groins  will  retard  the  erosion  of  an  existing 
beach  in  another  case,  it  will  be  well  to  examine  into  the  results  actu- 
ally visible  along  the  Long  Island  and  New  Jersey  shores. 

The  sea-wall  at  the  south  end  of  the  Sandy  Hook  Reservation  has 
been  referred  to  several  times.  Since  the  paper  was  written,  it  has 
been  learned  that,  in  1901,  six  timber  groins,  of  the  type  usual  along 
the  New  Jersey  shore,  were  built  near  the  north  end  of  that  wall. 
The  writer  visited  the  locality  several  times,  during  1914  and  the  first 
half  of  1915,  and  the  groins  were  buried  so  completely  that  their  pres- 
ence was  not  suspected.  The  fact  that,  after  the  erection  of  the  groins, 
the  beach  was  extended  seaward  until  they  had  been  completely  buried 
so  that  they  were  no  longer  able  to  affect  in  any  manner  the  growth 
of  the  beach,  and  the  fact  that  the  growth  of  the  beach  did  not  stop 
there,  would  indicate  that  the  groins  were  not  the  primary  cause  of  the 
accretion.  The  alignment  of  the  beach  would  have  led  to  a  similar  con- 
clusion if  the  existence  of  the  groins  had  been  known. 

In  May,  1915,  erosion  was  taking  place  along  the  face  of  this  sea- 
wall, as  described  on  page  641.*  The  trough  of  a  sand  wave  was  travel- 
ing north  along  the  shore.  As  this  trough  continued  its  northerly 
course,  it  encountered  the  first  groin  of  the  group.  The  existence  of 
the  groin  did  not  stop  the  erosion.  By  November  two  groins  had  been 
exposed  for  their  entire  length  and  a  part  of  a  third  one  was  bared.  The 
writer  has  no  information  as  to  what  has  occurred  since  1915,  but  here 
is  a  case  where  there  is  strong  presumptive  evidence  that  the  growth 
of  the  beach  was  due  to  causes  entirely  independent  of  the  erection  of 
groins,  and  there  is  positive  evidence  that  the  groins  were  impotent, 
so  far  as  the  preservation  of  the  beach  was  concerned,  when  conditions 
had  so  changed  that  a  period  of  erosion  was  due. 

Mr.  Haupt  states  that  jetties  similar  to  the  one  shown  in  Fig.  10, 
at  Long  Beach,  Long  Island,  are  now  "buried  out  of  sight''.  The 
writer  in  1915  walked  the  entire  length  of  Long  Beach,  from  Point 
Lookout  on  the  east  to  East  Rockaway  Inlet  on  the  west,  and  noticed 
no  evidence  of  their  existence.  As  in  the  case  of  the  Sandy  Hook 
groins,  the  fact  that  the  Long  Beach  structures  were  completely  buried 
creates  a  presumption  that  the  growth  of  the  beach  was  due  to  some 
cause  other  than  their  construction.     Mr.  Haupt  has  describedf  certain 

*  Proceedings,  Am.  Soc.  C.  E.,  for  May,  191  6. 
f  Proceedings,  Brooklyn  Engineers'  Club,  1913. 
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Mr.  shore  protection  works  at  Edgemere,  Long  Island,  and  has  presented 
a  map  showing  that  shortly  after  the  erection  of  these  structures  there 
was  a  material  growth  along  the  corresponding  frontage.  The  same 
map,  however,  shows  that  the  growth  of  the  beach,  along  the  frontage 
which  it  was  aimed  to  protect,  was  not  measurably  greater  than  that 
of  the  beach  during  the  same  period  for  a  considerable  distance  east 
and  west  of  the  protected  section.  Is  this  not  presumptive  evidence  that 
the  accretion  noted  was  due  to  causes  entirely  independent  of  the  erec- 
tion of  the  works  designed  by  Mr.  Haupt? 

The  hooked  jetty  shown  in  Fig.  10  was  by  no  means  buried  at  the 
time  the  photograph  was  taken.  If  any  accumulation  took  place  after 
its  erection,  no  evidence  has  been  presented  to  show  that  it  was  due  to 
the  presence  of  the  structure.  The  evidence  furnished  by  this  photo- 
graph would  indicate  that  there  was  a  considerable  depth  of  water  at 
the  outer  end  of  this  hooked  jetty,  and  the  photograph  does  not  show 
any  materially  greater  deposits  on  the  windward  than  on  the  lee- 
ward side. 

Mr.  Higgins  has  described*  as  follows,  the  work  that  he  advocates 
for  the  New  Jersey  shore  above  Ocean  Grove  and  Asbury  Park : 

"It  is  the  writer's  opinion  that,  in  most  cases,  where  shore  front  for 
residence  purposes  is  involved,  economy,  utility,  and  attractiveness 
are  all  best  served  by  a  system  of  construction  designed  to  hold  what 
the  author  names  the  'plunge  point'  line  at  some  distance  in  front  of 
the  shore  line — that  is  to  say,  dry  land — and  that  this  may  be  accom- 
plished by  a  properly  designed  and  constructed  system  of  groins  or 
jetties,  with  a  light  bulkhead  in  the  rear  to  prevent  wash,  the  bulkhead 
being  protected  from  the  direct  attack  of  the  sea  by  the  beach,  which  in 
turn  is  preserved  from  erosion  by  the  system  of  jetties  or  groins. 

"  *  *  *  The  writer  is  of  the  opinion  that,  if  the  coast  above 
Ocean  Grove  and  Asbury  Park  received  treatment  similar  in  prin- 
ciple, a  similar  satisfactory  result  would  be  obtained  and  at  a  min- 
imum expense." 

Mr.  Cresson  favors  the  same  system. 

Long  Branch  is  situated  along  the  shore  referred  to  by  Mr.  Higgins, 
and,  in  Fig.  11,  Mr.  Haupt  shows  structures  of  the  type  recommended, 
namely,  a  system  of  groins  backed  up  by  a  bulkhead.  The  illustration 
shows  that  the  groins  have  not  held  the  plunge  point  at  a  distance 
from  the  bulkhead,  and  that  no  protecting  beach  has  been  built  up  to 
prevent  the  direct  attack  of  the  waves  on  the  bulkhead.  Fig.  11 
is  typical  of  what  may  be  seen  at  many  points  along  the  New  Jersey 
shore.  To  be  sure,  Mr.  Higgins  limits  his  claims  to  a  "properly 
designed  and  constructed  system  of  groins  or  jetties",  and  Mr.  Cresson 
limits  the  height  of  his  groins  to  1  or  2  ft.  above  the  surface  of 
the   sand,   but  the  average  engineer   is   unable  to  find   any   essential 

*  Proceedings,  Am.  Soc.  C.  E.,  for  August,  1916. 
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difference  between  the  structures  now  existing  along  the  New  Jersey  Mr 
shore  and  the  structures  advocated.  Some  explanation  as  to  why  ^° ' 
existing  structures  have  failed  should  be  forthcoming  before  we  are 
asked  to  place  our  faith  in  additional  work  so  nearly  like  the  old 
that  we  are  unable  to  see  any  essential  difference.  Mr.  Haupt  calls 
attention  to  the  fact  that,  in  many  instances,  '^bulkheads  and  jetties 
have  proved  more  injurious  than  beneficial". 

At  Sea  Gate,  on  the  Long  Island  shore,  a  system  of  groins  backed 
up  by  a  light  bulkhead  proved  no  more  successful  than  the  one  at  Long 
Branch  illustrated  in  Fig.  10.  As  a  result  of  damage  done  during  the 
winter  of  1914-15,  an  offshore  breakwater  was  started  during  the  sum- 
mer of  1915  for  the  better  protection  of  the  Sea  Gate  property.  Mr. 
Haupt  has  referred  to  two  jetties  built  at  Far  Rockaway  about  4  years 
ago.  Concerning  these  jetties  it  is  stated  that  the  work  is  highly 
gratifying,  as  at  least  500  ft.  in  width  of  beach  has  been  gained,  and  the 
crest  of  the  beach  has  been  raised  away  above  the  top  of  the  piling 
forming  the  jetties.  As  stated  previously,  when  the  growth  of  the 
beach  is  such  as  to  bury  out  of  sight  the  groins  or  other  protection 
works,  it  is,  to  the  writer,  presumptive  evidence  that  the  cause  of  this 
growth  is  due  to  some  condition  entirely  independent  of  the  existence 
of  the  structures.  During  the  winter  of  1914-15,  Far  Rockaway  and 
Edgemere  were  severely  battered  by  storms.  During  the  summer  of 
1915  several  wrecked  groins  in  this  vicinity  were  visible,  but  the  only 
work  in  sight  which  appeared  to  be  protecting  successfully  the  property 
which  it  was  supposed  to  guard  was  the  rip-rap  bulkhead  around  the 
Edgemere  Club.  In  1910,  there  were  at  least  ten  groins  or  jetties  in 
that  vicinity,  but,  with  the  evidence  before  them,  the  land-owners  of 
Edgemere  decided,  in  the  summer  of  1915,  to  construct  an  off-shore 
breakwater  for  the  protection  of  their  property.  The  work  was  started 
during  the  same  summer. 

The  foregoing  refers  to  the  general  effect  of  groins,  and  the  writer's 
conclusion  has  been  that  they  are  totally  unable  to  build  up  a  denuded 
beach  or  to  prevent  the  denudation  of  an  existing  beach.  It  remains  to 
examine  more  closely  into  the  effects  visible  in  the  immediate  vicinity 
of  the  numerous  existing  groins  along  the  beaches  under  consideration. 
At  the  same  time  there  will  be  discussed  exceptions  taken  by  Messrs. 
Haupt  and  Cresson  to  the  writer's  statement  that,  by  forcing  the  littor- 
ally  drifting  sand  into  deeper  water  than  it  would  reach  under  natural 
conditions,  jetties  and  groins  must  inevitably  cause  a  wastage  of  beach 
material. 

It  is  generally  claimed  for  groins  that  they  stop  and  hold  the 
littorally  drifting  sand  in  place  until  the  windward  beach  has  been  built 
up  to  their  tops.  Thereafter,  the  littoral  drift  passes  over  the  tops  of 
the  groins  unimpeded.  A  few  rare  examples  of  this  condition  may  be 
found  along  the  beaches  around  New  York  City,  but  the  normal  con- 
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dition  is  very  different.  In  the  normal  case  there  will  be  found  in  the 
vicinity  of  the  groin  a  slight  depression  of  the  beach  from  about  mid- 
tide  to  the  crest  of  the  berm,  as  shown  in  Fig.  12.  Examples  of  this 
have  been  noted  at  many  points  along  the  New  Jersey  shore,  including 
Mr.  Higgins'  groins  at  Asbury  Park,  and  detailed  notes  were  made  dur- 
ing the  summer  of  1915,  in  connection  with  fifteen  groins  built  accord- 
ing to  the  Case  system  in  front  of  the  property  of  the  Lido  Corporation, 
a  short  distance  east  of  the  end  of  the  boardwalk  at  Long  Beach,  Long 
Island. 

Littoral  Drift 


High-Wat<?r  Line  -,_^            ^.^^-^^ 

^Groin 

Mean  Sea  Level  Xj 

■  " 

Low- Water  Line  v^, 

~ 

Fig.  12. — Solid  Lines  Represent  the  Normal  Form  of  Beach  as  Observed  in  the 
VicrNiTY  OF  Groins  Along  the  New  Jersey  and  Long  Island  Shores.  The  Broken  f.,rNEs 
Represent  the  Form  that  should  Exist  if  the  Groins  Catsed  a  Deposit. 

This  depression  forms  what  may  be  styled  a  cove.  During  the 
early  part  of  the  summer,  the  coves  in  the  vicinity  of  the  Lido  Corpora- 
tion groins  were  hardly  visible;  the  berm  had  a  rounded  appearance,  as 
though  it  had  been  recently  formed,  and  its  width  was  about  the  same 
along  the  section  covered  by  the  groins  as  along  the  beach  to  the  east 
and  west.  Throughout  the  summer,  erosion  was  in  progress  and,  on 
September  5th,  the  depths  of  the  various  coves  were  as  given  in  Table  1 ; 
the  bents  are  about  8  ft.  in  length : 

TABLE  1. 


Groin  No.      Depth  of  cove. 

Groin  No. 

Depth  of  cove. 

Groin  No. 

Depth  of  cove. 

1  2  bents          : 

2  3  bents 

8                   2  bents          i 

4  2  bents 

5  2  bents          . 
1                                 1 

6 
7 
8 
9 
10 

2  bents 
2  bents 
2  bents 
1  bent 
4  bents 

11 
12 
13 
14 
15 

2  bents 
2  bent  s 
2  bents 
2  bents 
2  bents 

According  to  Mr.  Cresson,  low  groins  such  as  these  should  cause  the 
sand  to  be  deposited  on  both  sides  of  the  groin,  in  which  case  the  beach 
should  take  the  form  shown  by  the  broken  lines  on  Fig.  12,  It  will 
be  noted  that  the  writer's  statement  of  observed  fact  is  here  the  direct 
opposite  of  what  Mr.  Cresson  states  is  shown  by  numerous  instances. 

According  to  groin  advocates,  the  slope  of  the  beach  on  the  wind- 
ward  side   should   be  determined  largely   by   the   slope   of   the  groin. 
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Around  New  York  City  such  is  not  the  case  in  fact.  In  the  case  of  the  Mr. 
Lido  Corporation  groins,  the  beach  always  showed  one  of  the  forms  ^"  " 
given  in  Fig.  6;  for  a  variable  number  of  bents  on  the  shoreward  end 
of  the  groins  the  planks  were  completely  buried,  only  the  tops  of  the 
posts  showing  through  the  nearly  level  berm ;  at  the  outer  edge  of  the 
berm  a  typical  scarp  indicative  of  erosion  was  to  be  seen  during  most 
of  the  summer;  below  this  scarp  the  slope  of  the  beach  was  normal 
from  the  upper  limit  reached  by  the  up-rush  to  the  limit  laid  bare  at 
low  tide.  The  planks  were  wholly  buried  on  the  shore  end,  partly 
buried  along  the  steeper  part  of  the  slope,  and  some  of  them  were  under- 
scoured  toward  the  outer  end.  Apart  from  the  scalloped  appearance 
due  to  the  formation  of  the  coves,  no  visible  effect  of  the  groins  was 
noted. 

Messrs.  Haupt  and  Cresson  challenge  the  statement  that  groins 
force  the  littoral  drift  into  deeper  water  than  would  be  encountered  on 
an  unimpeded  beach,  and  thereby  cause  a  wastage  of  beach  material. 
It  does  not  appear  practicable  to  measure  this  wastage,  and  we  must 
therefore  depend  on  indications. 

At  high  water  some  sand  may  be  thrown,  by  the  up-rush,  over  such 
groins  as  are  shown  in  Figs.  10  and  11 ;  the  back-wash,  however,  does 
not  lift  the  sand  far  from  the  bottom,  and  little  or  no  beach  material 
will  be  carried  over  a  high  or  low  groin  during  its  downward  passage. 
As  little  material  passes  over  the  groin  at  high  water  and  none  at  low 
water,  we  should  have  an  accumulation  of  sand  on  the  windward  side 
of  the  groin  if  it  were  not  carried  either  around  the  end  of  the  groin 
or  out  to  sea;  the  absence  of  this  accumulation  leads  the  writer  to  con- 
clude that  the  sand  is  in  fact  forced  into  relatively  deep  water  in  pass- 
ing the  obstruction. 

•  At  Highland  Beach,  N.  J.,  there  was  one  groin  which,  throughout  • 
the  period  of  observation,  was  apparently  performing  its  functions  in 
the  manner  claimed  by  the  groin  advocates.  On  the  southerly  side  of 
the  groin  the  beach  was  built  up  to  the  top  of  the  sheet-piling,  and  the 
slope  was  the  same  as  that  of  the  groin;  on  the  northerly  side  the 
beach  was  about  3  ft.  lower.  The  only  explanation  that  the  writer  has 
been  able  to  suggest  for  this  exceptional  condition  is  that  the  beach  in 
that  locality  contained  a  considerable  proportion  of  gravel.  Some 
writers  on  the  subject  of  shore  protection  along  the  British  coasts  have 
stated  that  either  high  or  low  groins  readily  hold  shingle  or  gravel. 
They  emphasize  the  fact  that  retaining  littorally  drifting  sand  is  a 
much  more  difficult  problem. 

The  foregoing  discussion  of  groins  should  not  be  taken  as  a  crit- 
icism of  their  iise  along  the  British  coast.  The  conditions  there  are 
very  different  from  those  in  the  vicinity  of  New  York  Harbor.  At  all 
the  localities  in  England  which  the  writer  has  studied,  the  tides  are 
from  8  to  20  ft.  in  height ;  in  many  of  these  localities  the  berm  material 
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is  shingle  or  gravel,  and  the  problem  of  protection  is  more  often  the 
protection  of  an  eroding  cliif  than  the  protection  of  a  sandspit,  as  in 
the  case  of  the  New  Jersey  and  Long  Island  Beach  Colonies.  This 
paper  has  been  given  a  special  and  limited  application,  and  no  attempt 
has  been  made  to  show  what  parts  of  the  discussion  are  of  general,  and 
what  are  of  purely  local,  application. 

The  remaining  points  brought  out  during  the  discussion  will  be 
taken  up  in  order. 

Mr.  Haupt  states  that  the  jetties  at  Belmar,  N.  J.,  arrest  the  wind- 
driven  sand.  It  may  be  noted  that  along  the  Rockaway  beaches  brush 
fences  are  used  for  the  same  purpose.  The  writer's  discussion  was 
limited  to  the  effect  of  wave  action. 

The  writer  did  not  claim  that  bulkheads  could  recover  lost  ground, 
but  it  was  claimed  for  this  type  of  structure  that  the  semi-permanent 
dunes  could  be  adequately  protected,  and  that  this  form  of  protection 
would  not  prevent  the  formation  of  bathing  beaches  or  berms  in  front 
of  the  bulkhead  when  other  conditions  were  favorable. 

The  drift  along  the  south  shore  of  Long  Island  is  of  enormous 
magnitude,  but  the  writer  has  not  been  impressed  by  the  menace  of 
this  drift  to  the  entrance  channels  to  New  York  Harbor.  It  is  believed 
that  if  Rockaway  Point  continues  to  grow  in  a  westward  direction  for 
another  75  years,  at  the  rate  at  which  it  has  grown  during  the  past 
75  years,  the  results  will  be  positively  beneficial.  The  latest  soundings 
in  Ambrose  Channel  do  not  indicate  any  serious  encroachment  of  the 
Long  Island  sand. 

Mr.  Higgins  has  evidently  not  understood  the  meaning  of  the  term 
"plunge  point"  as  used  in  this  paper.  The  line  marked  "plunge  point'^ 
on  Fig.  7  moves  back  and  forth  with  the  rise  and  fall  of  the  tides,  and 
its  location  is  also  somewhat  dependent  on  the  height  of  the  waves. 
Along  the  Long  Island  shore  the  distance  moved  by  this  line  during  a 
single  tidal  oscillation  may  be  more  than  150  ft.,  and  it  is  manifestly 
impossible  to  terminate  a  groin  on  a  movable  line.  In  a  tideless  sea, 
where  it  might  be  so  terminated,  it  is  not  clear  how  the  groin  would 
then  hold  the  line  in  a  fixed  position. 

The  distance  from  B  to  B.,  in  Fig.  7  is  normally  less  than  50  ft. 
Such  being  the  case,  placing  a  groin  to  the  left  of  B  and  another  to  the 
right  of  B^  would  constitute  a  closer  spacing  than  the  writer  has  ever 
seen  seriously  advocated.  It  is  believed  that  Mr.  Higgins  has  mis- 
imderstood  the  writer's  meaning  in  this  instance  also. 

There  is  no  objection  to  fixing  the  alignment  of  the  beach,  either 
as  it  exists  to-day  or  at  some  point  farther  seaward,  provided  the 
material  for  advancing  the  beach  is  not  taken  from  the  littorally  drift- 
ing sand  on  which  the  leeward  beaches  depend  for  their  maintenance, 
and  provided  the  ends  of  the  improved  section  are  arranged  so  that 
they  will  not  interfere  with  the  littoral  drift;  such  rectangidar  off-sets 
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as  occur  at  Seabright  should  be  avoided.     On  page  642*  the  writer  Mr. 
gave  his  conclusions  as  to  the  proper  location  for  a  bulkhead,  fixing  the 
limit  to  which  the  sea  might  be  allowed  to  encroach. 

The  maintenance  of  a  bathing  beach  in  front  of  a  bulkhead  is  of 
great  importance,  one  of  the  most  serious  questions  with  which  the 
beach  protection  engineer  is  concerned  being  how  to  maintain  such  a 
beach.  It  is  believed  that  a  brief  examination  of  the  shore  lines  of 
Long  Island  and  New  Jersey  will  convince  any  engineer  that  the 
present  methods  have  not  proved  successful.  In  many  cases  the 
measures  adopted  have  not  only  failed  to  maintain  a  bathing  beach, 
but  have  also  failed  to  protect  highly  valuable  property  built  on  the 
semi-permanent  dimes. 

Mr.  Hoar  cites  a  case  radically  diiferent  from  that  under  consider- 
ation. Long  Beach,  Cal.,  is  on  a  bay,  and  the  beach  has  in  the  past 
been  built  up  and  maintained  with  material  found  locally,  and  not 
with  material  brought  by  littoral  drift  from  a  distance.  Wherever  the 
temporary  berms  are  enclosed  within  a  bulkhead,  as  appears  to  have 
been  the  case  at  Long  Beach,  Cal.,  those  responsible  for  such  a  con- 
struction should  realize  that,  unless  a  new  supply  of  material  is  in 
sight,  their  action  will  destroy  the  bathing  beach,  and  the  bulkhead  will 
be  subjected  to  a  direct  attack. 

Mr.  Hoar  also  misunderstands  the  term  "plunge"  as  used  by  the 
writer.  On  the  Pacific  Coast  where  the  prevailing  winds  blow  on-shore, 
sands  temporarily  deposited  above  the  low-water  line  are  frequently,  as 
soon  as  they  dry  out,  blown  shoreward,  where  they  form  traveling 
dunes.  On  such  a  shore  the  temporary  berms  are  destroyed  by  an 
agency  totally  different  from  the  one  discussed  in  this  paper.  On 
some  of  the  Pacific  Coast  beaches  this  wind  action  is  responsible  for 
the  very  flat  slope  that  will  be  found  between  low  tide  and  the  upper 
limit  reached  by  the  waves  at  high  tide.  On  such  a  beach  the  effect  of 
the  plunge  may  be  much  less  important  than  on  the  beaches  around 
New  York  City,  in  fact,  its  importance  may  be  practically  negligible. 

It  should  be  emphasized  that,  as  the  term  is  used  by  the  writer  for 
the  beaches  around  New  York  City,  the  "plunge"  always  reaches  clear 
to  the  bottom  and  causes  a  violent  disturbance  of  the  sand.  Seaward 
of  the  plunge  point  the  breaking  waves  have  slight  capacity  for  dis- 
turbing or  picking  up  the  sand.  Mr.  Hoar  states  that  during  calm 
weather  and  low  tides  much  sand  is  carried  to  the  outer  line  of  break- 
ers "where  it  is  again  picked  up,  carried  shoreward  and  deposited  on 
the  beach  by  the  up-rush."  On  the  beaches  around  New  York  City, 
the  resultant  forces  seaward  of  the  plunge  point  tend  to  carry  the  sand 
to  deep  water;  though  the  waves  are  able  to  disturb  the  bottom  suffi- 
ciently to  cause  a  slight  turbidity  in  the  water  at  the  outer  line  of 

*  Proceedings,  Am.  Soc.  C.  B.,  for  May,  1916. 
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Mr.   breakers,  the  quantity  of  sand  brought  to  the  surface  seaward  of  the 
'  plunge  point  is  negligible.     The  phenomena  described  by  Mr.  Hoar  for 
Long  Beach,   Cal.,   are  not  duplicated  along  the  beaches   under  con- 
sideration. 

Mr.  Hoar  also  refers  to  the  plunge  as  spiraling  over  a  comparatively 
strong  back-flow.  This  is  a  phenomenon  described  by  Messrs.  Owens 
and  Case,*  as  follows: 

a*  *  *  if  the  waves  strike  the  shore  at  such  frequent  intervals 
that  the  back-wash  of  one  is  met  by  the  up-rush  of  the  following 
wave,  a  very  peculiar  state  of  affairs  is  produced.  At  first  sight,  one 
would  say,  here  is  a  case  where  there  must  be  great  accumulation 
going  on,  since  the  back-wash  is  met  in  this  way  by  the  up-rush 
and  its  scouring  action  presumably  destroyed;  but  no,  this  is  a 
most  deceptive  appearance,  and  is  not  borne  out  by  closer  observation, 
for  instead  of  the  checking  of  the  back-wash  by  the  water  of  the 
incoming  wave,  it  simply  glides  up  over  the  surface  of  the  back- 
wash, thus  completely  reversing  our  first  conclusion;  for  here  we 
have  an  under  current  flowing  seaward,  and,  on  the  top  of  it,  a 
landward  current.  It  is  thus  obvious  that  the  landward  current 
cannot  pick  up  any  material  from  the  bottom,  and  some  of  what  it 
may  already  have  in  suspension  will  be  robbed  from  it  by  the  down- 
flowing  under  current." 

Such  conditions  may  be  found  occasionally  on  the  beaches  under 
consideration,  and,  when  they  exist,  it  is  to  be  expected  that  erosion 
will  take  place.  The  writer  has  often  watched  for  this  condition,  but 
has  never  seen  a  case  of  the  sort. 

Messrs.  Schwiers  and  Buel  refer  to  the  so-called  ellipse  of  repose  as 
being  the  typical  form  taken  by  a  beach.  Such  a  form  will  be  found 
along  the  eroding  cliffs  of  the  north  shore  of  Long  Island  and  Gardiner's 
Bay.  To  some  extent  the  same  form  is  developed  along  the  beaches 
under  consideration  wherever  the  temporary  berms  have  been  washed 
away  and  the  semi-permanent  dunes  are  subjected  to  attack.  Where  a 
beach  is  building  up,  and  where  a  system  of  Case  groins  is  being  raised 
to  meet  this  upbuilding,  the  form  of  the  beach  and  the  profile  of  the 
top  of  the  groin  will  be  as  indicated  in  Fig.  6. 

In  stating  that  on  the  south  shore  of  Long  Island  erosion  takes 
place  during  northeast  storms,  and  that,  on  the  ISTew  Jersey  coast,  the 
erosion  is  caused  by  storms  from  the  southeast,  Mr.  Schwiers  has  raised 
the  question  of  the  effect  of  the  direction  of  the  wind.  The  writer 
believes  that  the  direction  of  the  wind  has  little  or  no  influence  on  the 
question  of  erosion  or  accretion.  At  the  Condado  Beach,  San  Juan, 
Porto  Eico,  it  can  be  stated  positively  that  the  berms  are  eroded  by 
waves  of  small  magnitude  and  built  up  by  waves  of  greater  magnitude; 

*  "Coast  Erosion  and  Fore-Shore  Protection",  pp.   15  and   16. 
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the  direction  of  the  wind  in  this  case  being  unimportant.  A  very  com-  Mr. 
mon  statement  on  this  subject  is  that  on-shore  winds  erode  a  beach,  *^"  ' 
and  oif-shore  winds  build  it  up.  Relative  to  this  the  records  of  the 
Weather  Bureau  for  New  York  City  for  the  10  years,  1905  to  1914,  are 
interesting.  During  that  time  the  wind  gauge  showed  336  off-shore 
gales  for  the  New  Jersey  coast,  41  on-shore  gales,  and  34  gales  parallel 
to  the  shore.  If  off-shore  gales  cause  an  accretion,  the  New  Jersey 
beaches  should  not  have  suffered  as  they  have  during  the  past  few  years. 
In  direct  opposition  to  Mr.  Schwiers'  statement,  that  the  New  Jersey 
coast  is  eroded  by  storms  from  the  southeast  we  find  the  statement  of 
Mr.  Higgins:*  "it  is  the  northeasters  that  erode  the  beach."  (Asbury 
Park,  N.  J.) 

Mr.  Schwiers  states  that  heavy  masonry  bulkheads  have  not  been 
successful  along  New.  Jersey  shores.  Mr.  Haupt  says  that  they  have 
not  been  tried,  and  the  writer  knows  of  none  north  of  Asbury  Park. 
The  rip-rap  bulkhead  at  the  south  end  of  Sandy  Hook  has  protected 
that  neck  of  land  successfully,  and  the  substantial  pile  and  rock  bulk- 
head built  by  the  Central  Railroad  of  New  Jersey  and  extending  from 
Highland  Beach  to  Seabright  has  also  been  fairly  successful.  The 
writer  believes  that  bulkheads  of  sufficient  strength  to  protect  the  semi- 
permanent formations  can  be  built,  and  that  therein  lies  the  most 
feasible  solution  of  the  problem  with  which  the  New  Jersey  beach 
colonies  are  confronted.  It  is  a  fact  that  sometimes,  as  stated  by 
Mr.  Higgins,  "where  the  impressive  fort  fails,  the  simple  trenches  prove 
effective,"  but  it  is  also  a  fact  that  it  would  be  futile  to  detail  a  cor- 
poral's guard  to  stop  a  Prussian  division. 

In  reference  to  the  Case  system  of  groins,  Messrs.  Schwiers  and 
Buel  seem  to  have  been  unaware  of  the  fact  that  fifteen  such  groins  were 
in  existence  a  short  distance  from  the  boardwalk  at  Long  Beach.  Spec- 
ulation based  on  experiences  with  structures  of  this  type  along  the 
shores  of  Great  Britain  would  not  be  profitable  in  view  of  the  ease  with 
which  their  actual  effect  on  the  beaches  around  New  York  may  be 
observed. 

The  writer  agrees  with  Mr.  Cresson  in  his  indictment  of  the  present 
system,  and  in  the  statement  that  Seabright  is  a  notable  illustration 
of  the  evil  effects  of  structures  built  without  sufficient  regard  to  a 
general  plan.    ' 

The  plans  submitted  by  Mr.  Cresson  for  a  bulkhead  at  Longport, 
N.  J.,f  show  a  much  more  substantial  structure  than  has  generally  been 
built  in  the  past.  This  is  a  step  in  the  right  direction,  but  the  writer 
cannot  concede  that  the  erection  of  groins  in  front  of  such  a  bulkhead 

*  Engineering  News,  April  16th,  1914,  p.  832. 

t  Engineering  Record,  May  1st,  1915,  p.  547. 
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Mr.   gives  promise  of  building  up  a  protecting  sand  beach,  or  of  holding  an 
existing  sand  beach  if  a  period  of  erosioin  is  due. 

It  is  a  pleasure  to  note  that  in  New  Jersey  the  subject  of  beach 
protection  is  receiving  official  notice,  and  it  is  hoped  that  in  due  course 
of  time  reports  showing  measured  changes  in  the  beaches,  together  with 
numerous  facts  in  connection  with  the  progress  of  these  changes,  may- 
be made  public.  A  comprehensive  study,  including  the  recording  of 
observed  facts,  should  explain  many  of  the  phenomena  that,  as  Mr. 
Haupt  expresses  it,  must  now  be  attributed  to  "occult  cosmic  forces". 
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BROADWAY-LEXINGTON  AVENUE  SUBWAY, 

NEW  YORK  CITY 

Discussion.* 


By  Francis  Donaldson,  Esq. 


Francis  Donaldson,!  Esq.  (by  letter). $ — The  writer  has  read  with  mi 
interest  Mr.  Werbin's  paper  describing  the  construction  of  the  Lex-  '^°°*'' 
ington  Avenue  Subway  tunnels,  and  Mr.  Moulton's  discussion  of  it. 
He  has  also  noted  Mr.  Moulton's  conclusion  that  the  work  could  have 
been  performed  more  economically  and  safely  by  mining  with  square- 
set  timbers  than  by  the  timbering  methods  actually  used.  The  writer 
has  driven  tunnels  with  both  top  and  bottom  headings,  is  familiar  with 
mining  practice,  as  well  as  with  the  Lexington  Avenue  work,  and  yet 
is  tmable  to  agree  with  Mr.  Moulton,  whose  conclusion  is  too  sweeping, 
to  say  the  least. 

In  the  first  place,  the  choice  of  a  method  in  any  kind  of  construction 
must  be  governed  by  the  results  desired.  In  ore  mining,  the  require- 
ment is  the  excavation  of  the  maximum  quantity  of  material  at  the 
lowest  cost  consistent  with  safety,  whereas,  in  driving  a  tunnel  beneath 
a  New  York  City  street,  it  is  not  so  important  to  excavate  material  at 
the  lowest  cost  per  ton  hoisted  as  to  excavate  it  in  such  a  way  as  to 
prevent  the  settlement  of  the  surrounding  ground  and  facilitate  the 
construction  of  the  permanent  lining.  Secondly,  the  successful  appli- 
cation of  any  method  depends  largely  on  local  conditions,  and  a  plan 

*  Discussion  of  paper  by  Israel  V.  Werbln,  Assoc.  M.  Am.  Soc.  C.  E.,  continued 
from  November,  1916,  Proceedings. 
t  New  York  City. 
t  Received  by  the  Secretary,  December  4th,  1916. 
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that  might  be  best  in  California,  where  timber  is  cheap  and  intelligent 
miners  plentiful,  might  not  work  at  all  in  New  York  City. 

To  build  the  subway  tunnels  from  53d  to  106th  Streets  was  a  big 
job,  and  it  had  to  be  done  in  a  limited  time.  It  was  necessary  to  adopt 
methods  which  would  enable  the  kind  of  labor  available  in  the  vicinity 
to  be  used  to  advantage.  New  York  City  was  full  of  good  tunnel  men 
of  all  kinds,  from  superintendents  to  muckers,  who  had  learned  their 
business  on  the  many  aqueduct  and  subway  tunnels  recently  driven  in 
and  around  the  city  and  in  near-by  States,  but  there  were  few  miners, 
in  the  western  sense.  If  mining  methods  had  been  required  by  the 
contract,  it  would  have  been  a  practical  impossibility  to  build  up  an 
organization  of  miners  large  enough  to  complete  the  work  in  the 
required  time.  That  tunneling  methods  were  proper,  when  viewed 
from  this  standpoint,  is  shown  by  the  fact  that  the  job  was  completed 
on  time  and  in  a  satisfactory  manner. 

To  consider  more  specifically  the  different  types  of  tunnel  struc- 
tures described  in  the  paper:  The  express  tracks  in  Sections  8  and  9, 
between  53d  and  79th  Streets,  were  in  a  tunnel  very  nearly  equivalent 
to  a  standard  double-track  railway  tunnel,  driven  for  the  most  part  in 
solid  rock,  and  lined  with  a  concrete  arch.  It  is  generally  believed  by 
American  tunnel  engineers- — certainly  by  the  writer — that  the  top  head- 
ing and  bench  method  is  the  cheapest  and  best  for  tunnels  of  this  type, 
and  that,  where  timbering  is  necessary,  segmental  timber  fills  the  bill. 

Examples  of  the  successful  use  of  segmental  timbering  in  tunnels 
through  all  kinds  of  ground  are  so  frequent  that  it  is  hardly  worth 
while  to  refer  to  them ;  but  one  recent  instance  refutes  Mr.  Moulton's 
condemnation  so  emphatically  that  it  deserves  mention.  A  double- 
track  railroad  tunnel  was  driven  by  the  Northern  Pacific  Railroad 
near  Tacoma,  Wash.,  in  1912  and  1913,  through  heavy  clay  and  sand 
wet  enough  in  places  to  have  "a  tendency  to  flow  around  the  breast 
boards  into  the  heading".*  This  tunnel  was  excavated  behind  a  roof 
shield,  and  was  timbered  with  segmental  sets  of  12  by  12-in.  timbers, 
placed  on  2-ft.  centers,  and  lagged  on  the  outside.  Each  set  consisted 
of  eleven  segments.  The  lining  proved  entirely  stable,  and  required 
less  than  20  ft.  b.  m.  per  cu.  yd.  of  material  removed. 

To  return  to  Sections  8  and  9 :  it  seems  certain  that,  where  a  tunnel 
can  be  driven  safely  without  timber,  it  is  not  good  engineering  to 
timber  it.  Segmental  timber  can  be  placed  in  short  stretches  as  the 
excavation  progresses,  or  after  the  excavation  is  completed  if  it  seems 
necessary,  and  when  placed  it  oifers  no  obstacle  to  the  construction  of 
the  permanent  arch  ring.  Square-set  timbering,  on  the  other  hand, 
must  be  jjlaced  as  the  excavation  is  removed,  regardless  of  the  char- 

*  Engineering  Record,  February  7th  and  27th,  1915. 
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acter  of  the  rock;  it  must  fill  the  entire  volume  excavated,  and  con-        Mr. 
sequently  it  will  interfere  to  the  greatest  conceivable  degree  with  the 
arch  centering  and  the  building  of  the  arch  itself. 

A  further  objection  to  square-set  timbering  is  this:  the  Lexington 
Avenue  tunnels  were  driven  so  close  to  the  surface  that,  even  where 
the  borings  showed  good  rock,  there  was  a  likelihood  of  cutting  a 
fissure  filled  with  running  ground  and  extending  to  some  point  below 
the  roof  line  of  the  tunnel.  Now  if  it  is  supposed  that  a  bottom  head- 
ing misses  the  fissure  and  that  the  next  lift  reaches  it,  the  bottom  will 
be  neatly  stoped  out  from  under,  and  a  run  will  be  started  that  will 
stop  when  the  soft  ground  gives  out  or  the  tunnel  fills  up.  For  an 
example,  refer  to  the  accident  that  occurred  in  driving  the  Mont  d'Or 
Tunnel,  under  the  River  Bief  Rouge,  in  1912.  This  danger  can  be 
avoided  by  a  top  heading  properly  timbered  to  secure  the  roof.  If 
necessary,  the  use  of  compressed  air  can  be  resorted  to,  as  was  done  at 
56th  and  57th  Streets. 

Sections  10  and  11,  between  79th  and  106th  Streets,  included  two 
general  types  of  construction.  The  stretch  from  79th  to  98th  Streets 
was  for  the  most  part  a  double-deck  tunnel,  two  tracks  wide,  with  a 
steel  lower  story  supporting  a  concrete  arch  roof.  The  rock,  as  Mr. 
Werbin  states,  "was  fairly  good,  and  very  little  timbering  was  used". 
The  arguments  just  cited,  bearing  on  the  proper  construction  methods 
for  Sections  8  and  9,  consequently  apply  with  equal  force  here.  Cer- 
tainly, the  conditions  and  methods  of  excavation  illustrated  by  Figs. 
11  and  13  are  as  nearly  ideal  as  the  most  grasping  contractor  could 
desire. 

From  98th  Street  to  the  end  of  Section  11,  the  tunnel  varied  in 
cross-section,  but  was  characterized  by  a  flat  roof  supported  by  steel 
bents  on  5-ft.  centers,  with  rows  of  columns  between  the  tracks.  This 
is  a  type  of  construction  to  which  segmental  timbering  is  entirely 
unsuited,  and  ordinary  timbering  methods  can  be  used  to  advantage 
only  if  the  rock  is  so  solid  that  it  will  sustain  itself  without  support 
over  a  flat  roof  at  least  as  wide  as  a  one-track  structure.  The  con- 
tractor, nevertheless,  attempted  to  continue  the  plan  that  had  been 
successful  on  other  parts  of  the  work,  and  kept  his  air  shovel  working 
until  unsoimd  rock  north  of  100th  Street  stopped  him.  A  heavy  and 
elaborate  system  of  timbering  failed  to  prevent  large  over-breakage  in 
the  roof.  It  was  considered  cheaper  to  take  down  loose  rock  above  the 
roof  line  than  to  hold  it  in  place,  and  at  one  point  12  ft.  of  rock  were 
icmoved.  Large  quantities  of  excess  concrete  and  dry  packing  were 
required. 

The  writer  believes  that  from  98th  to  103d  Streets,  square-set  timber- 
ing  could   have   been   used   advantageously   in   the   manner   that   Mr. 
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Mr.  Moulton  suggests,  and  that  the  contractor  could  have  saved  money  by 
ona  son.  ^gjj^g  ^^_  'j'j^g  cost,  however,  would  probably  have  exceeded  the  higher 
figure  given  by  Mr.  Moulton,  namely,  $5  per  cu.  yd.,  due  partly  to  the 
difficulty  of  organizing  the  job  in  New  York  City,  but  chiefly  to  the 
fact  that  the  volume  of  rock  removed  in  drifts  and  cross-cuts  would 
have  been  much  greater  in  proportion  to  the  total  volume  than  is  the 
case  in  mining.  Mine  slopes  are  comparatively  high  and  narrow,  but 
these  flat-roofed  tunnels  were  low  and  broad. 
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A  METHOD  OF  DETERMINING 

A  REASONABLE  SERVICE  RATE 

FOR  MUNICIPALLY  OWNED  PUBLIC  UTILITIES 

Discussion.* 


By  Messrs.  Leonard  C.  Jordan,  H.  F.  Clark,  and  Allen  BUzen. 


Leonard  C.  Jordan,!  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). J — A  Mr. 
perusal  of  this  paper  conveys  the  impression  that  the  author  is  jn  "'*""*^*" 
favor  of  private  ownership  of  public  utilities,  and  that  he  is  even 
willing  to  go  beyond  the  bounds  of  justice  in  hampering  municipal 
ownership.  The  writer  agrees  with  the  author  in  advocating  private 
ownership  of  public  utilities  wherever  such  a  course  is  advisable,  but 
he  begs  leave  to  differ  with  him  in  one  or  two  of  the  points  to  be 
mentioned  herein. 

The  author  has  brought  up  the  matter  of  the  status  of  the  owner 
of  vacant  lots  and  his  responsibility  to  the  community,  so  far  as 
respects  his  advantages  from  public  utilities.  It  is  quite  true  that 
he  has  distinct  advantages  in  the  increased  value  of  his  holdings, 
and  it  is  equally  true  that  he  has  been  an  important  factor  in  running 
up  the  cost  of  these  utilities  by  causing  them  to  extend  their  service 
lines  past  his  unused  property,  in  order  to  reach  the  used  property 
of  other  owners,  the  people  who,  by  making  use  of  the  utility,  furnish 
the  revenue  which  keeps  it  in  existence  and  on  a  profitable  basis. 
However,  there  is  probably  greater  likelihood  of  general  all-around 
justice  in  this  respect  when  the  utility  is  owned  by  the  municipality, 
for,  in  the  case  of  the  municipally  owned  utility,  the  expense  is  met 
largely  by  assessment  against  the  abutting  property  or  by  taxes  on 
property  in  general.     In  the  case  of  a  privately  owned  street  railway, 

*  Discussion  of   paper  by   J.    B.   Llppincott,   M.   Am.   Soc.   C.   E.,   continued   from 
November,  1916,  Proceedings. 
t  Brooklyn,  N.  Y. 
i  Received  by  the  Secretary,  November  10th,  1916. 
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Mr  for  instance,  the  owner  of  the  vacant  lots  very  probably  would  fall 
heir  to  all  the  latent  benefits  of  the  railway  without  the  expenditure 
of  a  single  penny.  Furthermore,  his  neighbors  must  pay,  by  the 
revenues  from  their  fares,  his  share  of  the  expense  of  construction  and 
maintenance,  as  well  as  for  the  unwelcome  privilege  of  being  hauled 
past  his  unsightly  and  weed-covered  property.  Although  the  author 
advocates  private  ownership,  this  problem  which  he  introduces  would 
seem  to  be  regulated  more  justly  for  all  concerned  when  every  utility 
is  publicly  owned  and  properly  managed. 

There  is  a  contradiction  of  principle  cropping  out  at  various  places 
in  the  paper,  which  is  summed  up  very  concisely  in  the  Synopsis,  as 
follows : 

"If  the  rates  for  service  of  publicly  owned  utilities  are  too  low, 
and  deficits  are  made  up  from  the  general  tax  funds,  such  administra- 
tion is  unfair  to  privately  owned  utilities  and  will  tend  to  discourage 
the  investment  of  private  funds  therein,  in  States  practicing  this 
policy." 

Then  a  few  lines  farther  along : 

"Any  surplus  resulting  from  such  administration  [mmiicipal  own- 
ership] should  be  deposited  in  the  public  treasury  of  the  city  to  the 
credit  of  the  general  tax  fund." 

If  it  is  proper  to  turn  a  surplus  into  the  city  treasury,  then  any 
deficit  from  operation  should  be  remedied  by  drawing  on  the  general 
city  funds.  Probably  a  correct  business  system  of  managing  a  munici- 
pally owned  utility  would  include  the  keeping  of  strict  accounts  of 
all  money  matters  pertaining  thereto,  as  though  it  were  an  industry 
in  itself  and  distinct  from  all  other  parts  of  the  city  government.  The 
city  treasury  should  be  regarded  as  a  bank,  lending  money  to  tide 
over  unproductive  periods,  accepting  surplus  funds  on  deposit,  and 
handling  the  bonds  when  their  issue  is  required  by  unusual  construc- 
tion or  development  expenses. 

Again,  on  pages  1228  and  1229,*  the  author  advises  the  charging 
of  rates  higher  than  the  nature  and  business  of  the  utility  would 
justify  and  the  turning  of  surplus  amounts  into  the  city  treasury. 
It  is  argued  that  this  method  is  fair  to  the  taxpayer  as  it  reduces  his 
taxes  on  real  estate.  The  writer  is  unable  to  see  any  justice  in  placing 
a  burdensome  portion  of  the  expense  on  the  poorer  people  of  the  com- 
munity, in  order  that  the  property  owners  may  enjoy  the  advantage 
of  reduced  tax  rates.  Such  procedure  would  tend  to  break  down  democ- 
racy, in  that  it  places  obstacles  in  the  way  of  the  poor  man  and  makes 
easy  the  way  of  the  man  who  already  is  rich.  It  is  stated,  relative  to 
this  matter,  that  the  non-taxpayer  is  paying  a  fair  rate  for  the  services 
received,  even  though  he  is  paying  for  a  portion  of  the  taxes  of  his 

*  Proceedings,  Am.   Soc.  C.  E.,  for  September,   1916. 
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more  fortunate  neighbor,  but  the  ^vriter  fails  to  detect  much  fairness  Mr. 
in  the  plan.  We  might  as  well  have  municipal  ownership  of  grocery 
stores,  charge  the  high  rates  that  would  be  possible  under  such  non- 
competitive business,  and  then  attempt  to  square  matters  by  cutting 
down  the  taxes  of  those  people  who  happen  to  own  their  homes.  It  is 
far  more  just,  for  the  individual  and  for  the  community  in  general, 
to  let  each  man  pay  his  own  way  as  he  goes,  than  to  attempt  to  equalize 
high  rates  for  trolley  rides  and  for  electric  lights  by  reducing  the 
taxes  on  the  same  vacant  lots  which  cause  so  much  extra  expense  to 
utilities  by  increasing  the  length  of  their  service  lines. 

The  writer  believes  that  a  fair  and  strict  accounting  of  the  con- 
struction and  operating  costs  of  publicly  owned  utilities  would  fur- 
nish sufficient  argument  to  convince  the  most  stubborn  that  private 
ownership  is  the  best  plan  under  present  conditions.  He  would  go 
further,  however,  in  the  accounting  than  is  generally  done.  When 
summing  up  the  construction  costs,  all  contributing  factors  should  be 
included,  just  as  they  would  have  to  be  if  the  work  were  being  carried 
on  by  a  private  company.  This  would  require  that  salaries,  office  rent, 
and  other  expenses  of  public  officials  connected  with  the  work  be  in- 
cluded in  the  bill.  It  would  require  also  that  depreciation  of  equip- 
ment and  interest  on  its  investment  be  reckoned,  and  that  interest  on 
the  cost  of  plant  and  on  invested  construction  expense  be  computed 
and  included. 

In  compiling  the  accounts  of  the  cost  of  operation,  likewise,  evei'y 
pavt  of  the  cost  should  be  hunted  down  and  charged  in  the  proper 
manner.  If  the  city  has  a  "Commissioner  of  Public  Works",  who 
manages  the  municipally  owned  water-works  system,  then  his  salary 
and  a  fairly  computed  office  rent  for  his  rooms  in  the  City  Hall  should 
be  charged  against  the  operation  of  the  water-works.  Furthermore, 
if  a  quarter  of  the  time  of  the  city  treasurer  and  his  staff  is  required 
for  collecting  and  handling  the  water  rents,  then  a  quarter  of 
their  entire  expense  should  be  charged  against  the  water  revenues; 
and,  finally,  the  usual  tax  rate  should  be  levied  against  the  water- 
works, and  the  tax  should  be  paid  into  the  city  treasury  and  charged 
against  the  earnings  of  the  water  department.  This  matter  of  taxing 
might  seem  to  be  superfluous,  at  first  thought,  but  a  moment's  con- 
sideration should  suffice  to  convince  the  reader  that  it  merely  means 
a  transfer  of  certain  figures  from  one  account  to  another,  adds  a 
negligible  amount  to  the  cost  of  city  government,  and  aids  in  showing 
exactly  the  financial  condition  of  the  water-works  department.  Such 
a  plan  of  accounting  would  form  a  correct  basis  for  the  regulation  of 
rates,  and  would  be  entirely  fair  to  the  private  owners  of  rival  systems. 
Besides,  the  strict  business  system  would  furnish  an  incentive  to  effi- 
cient service  on  the  part  of  the  men  employed  in  the  department. 


Jordan 
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Mr.  As  a  further  example,  a  battleship  is  constructed  at  a  Government 

Navy  Yard  for  a  certain  figure,  while  a  shipbuilding  company  builds 
the  sister  ship  on  contract  at  a  greater  stated  cost.  The  newspaper 
comments  mislead  some  people  into  the  opinion  that  the  only  lack  of 
perfection  in  the  Navy  is  its  failure  to  construct  both  boats.  Yet,  if 
all  costs  were  tallied,  the  total  might  result  in  a  far  different  opinion. 
The  figures  for  the  Government-built  boat  should  include: 

All  the  costs  of  plans,  including  the  salaries  of  officers  who  over- 
see the  work  of  preparation; 
Office  rent  for  all  men  engaged  on  this  work,  even  though  they 

occupy  rooms  in  a  Government  building; 
All  construction  costs  that  would  be  encountered  by   a  private 

company  doing  the  same  work; 
Salary,  keep,  barracks  rent,  etc.,  of  all  marines  doing  police  duty 
in  and  about  the  ship  until  she  is  put  into  commission,  and 
this  item  should  include  the  expenses  of  officers  in  command 
of  these  marines; 
Keasonable  rent  for  that  portion  of  the  navy  yard  that  is  devoted 
to  the  job,  or  else  interest,   depreciation,  maintenance,  and 
taxes  on  the  portion  used; 
Interest  on  the  investment,  depreciation,  and  maintenence  of  the 

equipment  used; 
Salaries,  office  rent,  and  other  expenses  of  all  officers  and  men 

connected  directly  or  indirectly  with  the  work; 
A  portion  of  similar  expenses  for  all  men  whose  duties  are  divided 
between  this  and  other  jobs,  even  including  the  Secretary  of 
the  Navy,  if  a  portion  of  his  work  may  be  regarded  as  arising 
from  this  source; 
Interest  on  all  the  foregoing  amounts,  computed  to  the  day  that 

the  boat  is  finally  put  into  commission; 
And  all  other  items,  great  or  small,  which  directly  or  indirectly 
contribute  to  the  amount  which  the  Nation  must  finally  pay 
for  the  battleship. 

Some  of  these  items  are  not  included  in  the  stated  cost  of  the  boat 
built  by  contract,  but  they  should  be  added.  The  justice  of  a  complete 
cost-keeping  system  will  be  realized  when  the  reader  considers  the 
possibility  of  the  purchase  of  a  finished  battleship  from  a  foreign 
country  or  firm,  as  several  other  countries  have  done  within  the  past 
few  years.  Besides,  the  people  should  have  a  right  to  know  the  total 
anaount  which  such  a  fighting  machine  is  costing  them. 

It  might  be  contended  that  the  office  rent  of  the  Secretary  of  the 
Navy  would  seem  unduly  high  if  computed  on  the  basis  of  the  cost  of 
the  building  in  which  it  is  located  and  the  cost  of  operating  that  build- 
ing.    If  that  is  true,  then  the  people  have  a  right  to  know  that  they 
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need  a  new  janitor  in  that  building,  or  a  new  building  superintendent,  Mr. 
or  else  that  they  paid  too  much  for  the  building  originally.  From  ^'^  ^' 
another  angle,  if  that  office  rent  is  higher  than  would  be  charged  for 
suitable  quarters  elsewhere,  then  there  is  first-hand  evidence  that  the 
department  occupying  these  offices  is  not  qualified  to  be  placed  in 
charge  of  a  business  requiring  a  high  grade  of  efficient  executive 
ability,  such  as  a  shipbuilding  establishment.  It  remains  that  the 
people  have  paid  for  the  building  and  are  continuing  to  pay  for  its 
upkeep,  and  it  would  look  like  poor  management  on  the  part  of  the 
Government  if  there  is  no  possible  return  on  the  first  cost  and  running 
expense.  Besides,  failure  to  account  for  all  such  matters  would  be 
unfair  to  the  contracting  firm  which  is  willing  and  anxious  to  put 
together  a  battleship  for  less  money  than  it  really  is  costing  the 
Government. 

The  result  of  such  complete  cost-keeping  methods  as  suggested 
would  probably  lead  to  private  ownership  of  public  utilities,  such  as 
the  author  seems  to  prefer,  a  private  company  having  a  monopoly  of 
the  patronage  of  the  community  and  correctly  regulated  by  just  offi- 
cials of  the  local  government.  This  is  the  ideal  form  of  service  when 
both  private  owners  and  ruling  officials  are  ideal;  and  let  us  trust  that 
we  may  enjoy  these  conditions  at  some  time  in  the  near  future.  At 
least,  let  us  hope  that  any  owning  or  regulating  on  the  part  of  the 
Government  will  be  done  better  than  it  seems  to  be  doing  with  any 
such  work  now.  Meanwhile,  with  all  fairness  to  all  parties  concerned, 
let  those  engineers  who  are  in  position  to  decide  or  to  influence  ques- 
tions of  municipal  or  private  ownership  of  public  utilities  render  their 
decisions  with  impartial  judgment,  having  in  mind  the  furtherance  of 
principles  of  justice  which  too  often  are  overlooked  in  such  affairs. 

H.  F.  Clark,*  Assoc.  M.  Am.  See.  C.  E.  (by  letter).! — The  author  Mr. 
has  presented  views  on  a  subject  which  engineers  are  now  having  to  ^^  ' 
consider  seriously.  "Where  public  utilities  are  owned  by  cities,  it  is 
generally  found  that  the  cities  prefer  to  have  their  own  way  in  deter- 
mining how  the  costs  of  operation  shall  be  spread,  and  rather  resent 
the  intrusion  of  scientific  suggestions.  The  tendency  is  to  better  man- 
agement of  civic  affairs,  with  centralization  of  power  in  one  man  or 
a  small  group  of  men.  Engineers  may  yet  be  of  some  assistance  to 
the  budget  makers  of  a  municipality  in  determining  the  questions 
which  the  author  has  brought  out. 

Municipal  ownership  in  California  is  steadily  spreading,  records 
for  1916  showing  approximately  fourteen  transfers  of  water  systems 
to  municipalities.  The  aggressive  element  within  a  community  gen- 
erally lays  siege  to  the  water  company  until  at  last  bonds  are  voted 

*  San  Francisco,  Cal. 
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Mr. 
Clark. 


and  the  water  system  is  purchased.  A  feeling  of  security  then  comes 
over  the  minds  of  the  people,  as  no  longer  will  there  be  occasion  for 
petty  annoyances.  The  constant  friction  over  service  and  rates  is  then 
passed,  and,  be  the  results  profit  or  loss,  there  is  always  that  true  friend, 
the  tax  budget,  to  come  to  the  rescue  in  times  of  need.  A  monopoly 
exists  over  the  community  when  this  competition  is  removed,  and  the 
city  finds  itself  a  sovereign  in  the  matter  of  the  regulation  of  this 
utility  business. 

Analysis  of  the  paper  involves  accounting  to  a  large  extent.  All 
are  aware  that  the  full  cost  must  be  met  somewhere,  it  remaining  to 
be  determined  how  it  shall  be  distributed.  To  bring  out  a  little  more 
clearly  the  distinctions  which  the  author  has  made,  Table  3  shows  his 
distribution  of  the  expenses. 


TABLE  3. 


-Distribution  of  Water-Works   Cost  in  a  Municipally 
Owned  Utility. 


Item  of 
expense. 

Clips  Bfarinq  Expense. 

Municipality. 

Consumers. 

Vacant  lot 
owner. 

Realty  promoters. 

Maintenance   and 

1  Through  taxes 
("lorpubiicuses. 

1  Through  rates. 

Through  rates. 
Through  rates. 

operation 

Deprfciation 

:::::'::':' 

Through  deposits. 

(  Through  spe- 
1  cial  tax. 

Bond  redemption . 

Through  taxes. 

f 

:                                                 1 

The  author  states*  that  municipalities  have  an  item  of  expense  to 
bear,  in  addition  to  those  expenses  borne  by  a  privately  owned  utility, 
namely,  the  redemption  of  bonds  within  a  40-year  period.  The  author 
suggests  that  this  redemption  fund  should  be  met  in  the  general  tax 
levy,  and  therein,  the  writer  thinks,  he  is  in  error.  Cities,  admittedly, 
are  enabled,  through  their  credit,  to  borrow  money  about  2%  cheaper 
than  a  private  company  can  finance  its  operations.  If  the  city  makes 
a  7%  interest  charge,  as  would  be  granted  to  a  privately  owned  utility, 
any  profit  resulting  under  the  bond  rate  of  interest  could  be  laid  aside 
to  redeem  the  bonds.  If  the  bond  rate  of  interest  is  5%,  the  differen- 
tial of  2%  compounded  annually  at  4%  will  approximately  retire  the 
bonds  in  30  years.  Thus,  as  a  fact,  there  is  apparently  no  additional 
expense,  but,  in  the  case  of  a  municipally  owned  utility,  merely  one 
more  division  of  the  same  gross  expenses  that  would  be  allowed  a  pri- 
vate corporation  in  the  same  utility  business.  The  author  has  sug- 
gested the  possibility  of  a  profit  in  the  management  of  the  utility. 

*  Proceedings,  Am.  See.  C.  E.,  for  September,  1916,  p.  1227. 
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Occasionally,  reports  made  from  an  audit  of  the  books  show  profits,  Mr 
but  it  is  rather  the  exception  to  conditions.  The  writer  does  not  see 
why  there  should  be  any  profits  under  the  support  of  municipal  owner- 
ship, if  the  rates  are  adjusted  scientifically.  It  should  not  be  the  aim 
of  a  city  to  make  its  water  consumers  pay  more  than  the  cost  of  the 
service.  Too  often  the  consumers  cannot  even  bear  this  cost,  and 
part  of  it  is  carried  under  other  accounts  into  the  tax  rate  for  the  year. 

Table  3  places  on  the  consumers  the  depreciation  charges.  There 
is  no  more  depreciation  accruing  annually  in  front  of  an  Improved 
residence  lot  than  in  front  of  adjoining  vacant  property,  eliminating 
the  item  of  service  connections  and  meters.  It  is  not  clear  to  the  writer 
why  the  only  users  of  water  should  be  burdened  with  the  depreciation 
ciccount,  when  the  vacant  property  is  increased  in  value,  due  to  the 
presence  of  the  main  in  the  street.  Municipal  ownership  is  generally 
favored  when  the  condition  of  the  city  as  a  whole  will  be  benefited, 
rather  than  the  individual  condition  of  each  consumer.  Though  it  is 
true  that,  under  a  privately  owned  utility,  the  consumers  have  to  bear 
this  depreciation,  yet  it  is  fair,  under  municipal  ownership,  that  the 
vacant  property  should  bear  equally  with  improved  property  this  item 
of  expense. 

The  distribution  of  the  various  items  of  cost  would  appear  to  the 
writer  to  be  more  equitable  if  as  shown  in  Table  4. 

TABLE  4. 


Class  Bearing  Expknsb. 

Item  of 
expense. 

Municipality. 

Consumers. 

Vacant  lot 
ovi  ners. 

Realty  promoters. 

Mainrenance   and 

(Through  taxes 

1  for  public  use. 

Through  taxes. 

1  Through  rates. 

operation 

Depreciation 

Through  rates. 

Bond  redemption. 

Through  taxes. 

Through  deposits. 

Betterments 

(  Through  bonds 
<  or  revolving 
i  fund. 

i 

\ 

In  California  it  has  generally  been  found  that  the  maintenance  and 
operation  expenses  of  a  water  utility  will  approxmiate  40%  of  the  total 
expenses  chargeable.  By  the  foregoing  classification,  an  analysis  will 
show  that  the  consumer  divides  with  others  about  evenly  with  the 
remaining  60%  of  the  expenses  which  occur. 

However,  the  writer  agrees  with  the  author  that  no  rigid  rules  can 
be  formulated  in  this  matter,  inasmuch  as  there  are  so  many  local  situa- 
tions to  be  met,  as  is  shown  by  occasional  items  in  the  newsptipcrs.  Not 
long  ago,  an  article  commented  on  the  refusal  of  a  water-works  board 
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Mr.  to  turn  over  a  considerable  sum  of  money  to  the  general  city  treasury, 
■  in  order  that  the  tax  rate  might  be  decreased.  The  reasons  given  for 
the  refusal  were  that  the  money  would  all  be  needed  for  improvements, 
in  view  of  a  contemplated  reduction  in  the  minimum  monthly  charge 
for  water,  with  correspondingly  less  revenue  for  the  year.  This  min- 
imum was  already  one  of  the  lowest  in  the  State,  but  yet  it  seemed 
advisable  to  that  board  to  lower  it  still  further.  Again,  in  another  city, 
lately  adorned  to  attract  visitors,  the  park  department  began  to  use 
enormously  increased  quantities  of  water,  drawing  heavily  on  the  safe 
yield  of  the  system.  The  water  superintendent  was  at  his  wits'  end  to 
keep  up  with  the  demand,  and  was  unable  to  make  any  showing  for  his 
department,  on  account  of  the  extreme  demand  of  the  park  department, 
which  gave  him  no  credit  for  the  water  used. 

The  abuses  of  the  sovereign  water  plant  management  may  be  cor- 
rected in  time  by  the  application  of  principles  such  as  the  author  has 
presented.  There  is  great  need  for  city  officials  to  recognize  just  such 
principles. 

^Mr.  Allen  Hazen,*  M.  Am.   Soc.   O.  E.    (by  letter).! — This  paper  is 

timely  and  important.  It  represents  a  swing  back  of  the  pendulum 
that  was  set  in  motion  when  it  was  decided  that  henceforth  the  work 
of  corporations  in  certain  lines  should  be  considered  as  public  and  not 
private  business,  and  that  it  should  be  subject  to  public  control. 

The  control  of  such  corporations  by  public  bodies  is  directed  pri- 
marily and  principally  to  the  control  of  rates.  The  work  of  reducing 
rates  in  the  interests  of  those  served,  formerly  carried  out  occasionally 
by  legislation  or  by  Court  action,  is  transferred  to  commissions  created 
for  that  special  purpose.  The  business  is  ordinarily  expedited.  It  is 
handled  by  men  who  at  least  have  the  experience  growing  out  of  han- 
dling a  considerable  number  of  such  matters.  Regulation  of  the  char- 
acter of  service  also  is  undertaken,  and  though  by  no  means  as  com- 
plete, something  is  accomplished. 

Quite  recently,  perhaps  since  Mr.  Lippincott's  paper  was  written, 
another  and  far-reaching  step  has  been  taken;  for,  in  one  important 
case,  Government  regulation  of  wages  paid  to  workers  employed  by 
such  corporations  is  undertaken. 

There  is  one  matter,  however,  which  cannot  be  regulated  by 
Government;  investors  cannot  be  made  to  put  more  money  into  an 
enterprise,  because  better  service  is  needed,  or  because  existing  rates  do 
not  furnish  the  money  necessary,  or  because  money  is  needed  to  pay 
increased  wages. 

When  the  reduction  of  rates  and  the  imposition  of  other  burdens 
on  public  service  corporations  has  proceeded  to  a  point  where  investors 

*  New  York  City. 
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will  no  longer  furnish  money  to  carry  out  needed  improvements,  it  has     Mr 
clearly  gone  too  far  for  the  good  of  the  business  and  the  community. 

If  conditions  of  regxilation  become  such  that  private  capital  will  not 
be  supplied  willingly  to  carry  on  the  business,  the  only  apparent  way 
by  which  the  public  can  control  it  further  is  to  take  over  the  under- 
takings by  the  right  of  eminent  domain,  and  raise  the  needed  money 
by  taxation  or  by  borrowing  on  the  public  credit. 

It  is  to  be  noted  that,  in  the  course  of  the  procedure  which  results 
in  reducing  a  corporation's  profits,  the  last  step  of  profit  reduction 
comes  at  a  greatly  accelerated  rate,  by  reason  of  a  condition  which  may 
be  and  probably  often  has  been  overlooked.  When  a  corporation  is 
making  fair  profits,  its  credit  is  ordinarily  good,  and  it  can  borrow 
money  at  the  lowest  market  rates.  As  its  earnings  are  reduced  to  a 
point  which  reduces  profit  below  normal — and,  perhaps,  threatens  to 
wipe  it  out — the  corporation's  credit  is  impaired,  and  the  rate  at  which 
money  can  be  borrowed  is  increased. 

If  the  profits  are  good,  the  first  reduction  in  rates  may  not  have 
this  full  effect,  but,  as  reductions  proceed  toward  the  point  of  eliminat- 
ing profit,  the  double  effect  is  felt,  and  the  final  profit  is  reduced  and 
eliminated  quite  as  much  by  the  increased  cost  to  the  corporation  of 
getting  money  as  by  the  direct  loss  in  rates. 

It  is  a  conservative  estimate  that,  as  a  result  of  the  severe  handling 
of  corporations  in  some  of  our  States  in  the  last  years,  the  ordinary 
rates  which  Avell-managed  corporations  have  been  compelled  to  pay  in 
order  to  secure  money  to  carry  on  this  business,  has  been  at  least  1% 
per  annum  higher  than  it  otherwise  would  have  been. 

To  illustrate:  If  a  corporation  is  earning  7%  and  borrowing  money 
at  5%,  it  has  a  surplus  of  profit  of  2%,  which  is  a  margin  tending  to 
make  the  business  attractive  to  new  investors  and  to  maintain  the  cor- 
poration's credit.  The  margin  is  not  wide,  but  it  may  answer.  If  in 
such  a  case,  the  gross  earnings  are  14%  and  the  operation  cost  and 
taxes  are  7%,  and  there  is  a  reduction  in  rates,  which  effects  a  reduc- 
tion in  gross  earnings  from  14  to  13%,  the  direct  effect  is  to  reduce 
the  net  return  from  7  to  6  per  cent.  The  indirect  result — which  may 
not  follow  quite  as  rapidly,  but  is  no  less  sure — is  that,  with  the  reduced 
margin  to  sustain  credit,  it  is  no  longer  i)Ossible  to  borrow  money  at 
5%;  and  instead  6%  must  be  paid,  all  the  profit  is  wiped  out,  and  the 
corporation  is  on  the  way  to  bankruptcy.  A  reduction  of  only  7%  in 
the  gross  income  may  mean  the  difference  between  a  margin  of  profit 
which  will  enable  the  business  to  be  conducted  successfully  on  con- 
servative lines,  and  bankruptcy. 

In  the  long  run,  the  question  of  fair  returns  is  boiled  down  to  this : 
The  returns  must  be  sufficient  to  allow  the  business  to  be  conducted 
successfully  and  permanently,  and  to  permit  ev^ery thing  to  be  done 
that  needs  to  be  done,  including  the  securing  of  all  new  capital  neces- 
sary for  the  reasonable  extension  of  the  business. 
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THE  YALE  BOWL 

Discussion.* 


By  Messrs.   Thomas  C.  Atwood,   J.  B.   French,   H.   C.   Keith,  and 

H.  F.  Dunham. 


Thomas  C.  ATWOou,t  M.  Am.  Soc.  C.  E. — As  has  been  stated  in  the  Mr. 
paper,  the  Yale  Bowl  is  the  largest  structure  of  its  kind  which  has  ^^"'^^^ 
ever  been  built.  When  compared  with  the  designs  for  other  stadia 
proposed  for  this  place,  its  simplicity  and  effectiveness  at  once  com- 
mand attention.  The  character  of  the  structure,  essentially  of  earth- 
work, ensures  its  permanence;  and.  its  safety  from  fire  and  accident 
is  beyond  question. 

The  original  sketches  called  for  a  structure,  the  estimated  cost  of 
which  was  somewhat  less  than  $400  000,  but  the  several  engineers  and 
architects  engaged  on  the  work  have  advised  certain  changes,  affecting 
the  appearance  and  permanence  of  the  structure,  which  have  nearly 
doubled  this  cost. 

The  paper  is  hardly  fair  to  other  stadia  in  stating  the  cost  of  the 
Bowl  as  $7.35  per  seat,  this  being  the  cost  in  its  present  incomplete 
condition.  When  finally  completed  the  cost  will  be  about  $750  000,  or 
approximately  $12.30  per  seat,  or  considerably  more  than  the  cost  of 
the  Princeton  Stadium.  This  includes  the  cost  of  completing  the  con- 
crete lining  of  the  Bowl  and  placing  the  permanent  seats,  the  gate- 
houses, permanent  toilet  facilities,  and  permanent  fence.  The  Prince- 
ton Stadium  is  not  fully  completed,  the  wooden  seats  being  lacking, 
but  the  final  cost  will  probably  not  be  more  than  $10  -per  seat.  Of 
course,  the  difference  in  size  must  be  taken  into  account,  and  a  larger 

*  This  discussion  (of  the  paper  by  Charles  A.  Ferry,  M.  Am.  Soc.  C.  E.,  published 
in  October,  1916,  Proceedings,  and  presented  at  the  meeting  of  November  15th,  1916), 
is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 
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Mr.  structure  of  the  Princeton  type  would  undoubtedly  cost  more  per  seat. 
All  things  considered,  it  is  probable  that  the  Bowl  is  the  more  eco- 
nomical structure  for  the  location,  which  is  ideal  for  its  type,  and  for 
the  size  demanded. 

There  is  no  doubt  that  the  shape  of  the  Bowl,  with  its  curved  sides, 
is  far  better  than  the  regular  stadium  U -shape  with  straight  sides. 
It  is  this  horizontal  curve  of  the  sides,  rather  than  the  vertical  curve 
produced  by  making  the  height  of  each  riser  uniformly  greater  than 
that  of  the  one  next  below  it,  which  enables  the  rise  per  seat  to  be  small, 
the  straight- sided  structures  requiring  more  rise  in  order  that  spec- 
tators may  see  all  parts  of  the  field.  The  importance  of  this  is  seen 
when  it  is  realized  that  in  the  Bowl  only  20  000  of  the  seats  are  enclosed 
between  the  goal  lines  extended,  and  that  more  than  40  000  are  at  the 
ends,  back  of  the  goal  lines.  At  Princeton  about  16  000  seats  lie 
between  the  goal  lines,  and  25  000  are  back  of  them,  but  only  one  end 
is  enclosed,  the  other  being  open. 

Of  the  problems  in  connection  with  the  Bowl,  few  were  of  lesa 
interest  than  the  eleventh-hour  proposition  to  put  in  a  track  and  pro- 
vide a  220-yd.  slraight-away  course  by  tunneling  at  one  end.  Careful 
estimates  showed  that  this  would  involve  such  heavy  construction  that 
the  cost  would  be  about  $50  000,  and  would  detract  considerably  from 
the  appearance  of  the  Bowl.  Experience  with  such  tunnels,  as  at 
Syracuse,  N.  Y.,  has  shown  that  the  running  conditions  are  not  satis- 
factory; and,  as  the  Committee  had  plenty  of  land  available,  and  as  an 
ideal  track  on  open  ground,  together  with  a  permanent  stand  to  seat 
10  000  people — as  many  as  are  likely  to  attend  the  intercollegiate  track 
events — would  cost  little  if  any  more  than  the  tunnel,  it  was  decided 
to  complete  the  Bowl  as  planned  and  build  a  track  and  stand  later. 

Referring  to  the  general  construction :  when  the  speaker  was  placed 
in  charge,  on  January  1st,  1914,  approximately  one-third  of  the  work 
had  been  completed,  and  the  embankment  had  reached  the  top  of  most 
of  the  tunnels.  As  noted  in  the  paper,  the  rolling  could  not  be  carried 
on  between  the  tunnels,  and  it  seemed  improbable  that  the  bank  had 
been  thoroughly  consolidated  at  all  points,  so  the  top  of  the  bank  was 
leveled  up,  divided  into  sections,  and  flooded,  holes  being  drilled  down 
through  it  at  the  same  time  by  iron  bars  or  water  jets  about  8  ft.  apart, 
on  centers,  both  ways.  At  some  points  no  settlement  could  be  ob- 
served, but  at  others  there  was  considerable.  On  this  uniformly  com- 
pacted base  the  remainder  of  the  bank  was  built,  as  described  in  the 
paper,  and  with  gratifying  results. 

The  whole  settlement  of  the  completed  bank  is  not  shovsTi  by  the 
bench-marks  noted  in  the  paper,  as  these  were  not  set  until  the  bank 
had  been  completed  for  nearly  2  months,  but  there  is  no  doubt  that 
the  settlement  was  very  small  cotnpared  with  that  found  in  other  care- 
fully built  banks,  such  as  those  vinder  aqueducts. 
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The  water  pipe  entering  the  Bowl  was  carried  through  the  main      Mr. 
tunnel  in  a  small  trench  in  the  concrete  floor,  so  that  a  break  could 
not  affect  the  foundations  of  this  tunnel  and  the  embankment. 

The  turf  strips,  noted  as  being  placed  in  the  outside  loam  slope, 
were  very  successful  in  preventing  deep  wash,  as  was  shown  by  a  tor- 
rential rain  which  occurred  before  the  seeded  area  had  started  to  grow, 
the  water  in  no  case  getting  under  the  sod,  and  no  gullies  more  than 
3  in.  deep  being  formed. 

The  high  reinforced  concrete  retaining  wall  mentioned  has  per- 
formed its  work  well,  a  movement  outward  at  the  top  of  little  more 
than  i  in.  being  the  greatest  noted,  or  corresponding  to  a  settlement  at 
the  toe  of  the  wall  of  only  about  ^  in.  Relative  to  this  matter,  it  may 
be  mentioned  that  claim  for  royalty  on  account  of  the  Bone  patent  has 
been  made  within  the  past  year,  and  the  speaker  has  done  considerable 
work  in  investigating  this,  with  the  aid  of  searches  made  in  the 
Library  of  the  Society,  and  has  some  references  to  walls,  built  before 
the  date  of  the  patent,  which  are  not  included  in  the  summary  of 
this  subject  contained  in  EngineeAng  News. 

In  the  concrete  facing  inside  the  Bowl,  the  horizontal  arching  action 
was  not  made  use  of,  dependence  being  placed  on  the  interior  retaining 
wall  to  care  for  any  possible  tendency  of  the  blocks  to  slide  down  hill. 

The  lampblack  placed  in  the  mortar  for  the  top  of  the  facing  blocks 
aided  materially  in  giving  them  uniformity  of  color,  as  the  sand  used 
contained  uncertain  quantities  of  iron  which  caused  some  of  the  con- 
crete to  have  a  pinkish  hue. 

The  aisles  were  given  a  top  dressing  of  Trus-Con  floor  hardener, 
and  no  wear  is  yet  perceptible;  but  it  is  difficult  to  say  whether  or  not 
this  is  due  to  the  hardener.  This  hardener  should  be  applied  with 
care  by  skilled  men,  as  a  few  blocks,  which  apparently  got  an  overdose, 
have  turned  rusty. 

The  inner  retaining  wall  and  the  tunnel  portals  inside  the  Bowl 
were  originally  planned  to  have  pipe-rail  fences,  but  this  was  changed 
to  heavy  concrete  parapet  walls,  at  a  considerable  saving  in  cost  and 
with  a  decided  improvement  in  the  appearance  of  the  Bowl,  the  general 
idea  of  massive  simplicity  being  carried  out  more  fully. 

The  design  of  the  permanent  seats  was  another  interesting  problem. 
As  finally  worked  out  by  Mr.  Everard  Thompson,  Assistant  Secretary 
of  the  Committee,  and  the  speaker,  the  seat  was  placed  on  the  edge  of 
the  step  and  supported  on  a  steel  bracket  or  standard  which  allows  full 
play  for  wind  and  water,  so  that  the  structure  can  be  cleaned  with  com- 
parative ease. 

The  lumber  for  these  seats  was  selected  with  great  care.  It  was 
desirable  to  use  edge  grain  lumber,  and  investigation  showed  that  this 
could  be  obtained  in  only  three  woods,  Douglas  fir,  redwood,  and 
Western  hemlock  and  Noble  fir  classed  together.    As  redwood  is  likely 
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Mr.  to  stain  clothing  when  wet,  and  Western  hemlock  could  not  be  obtained 
in  sufficient  quantities,  Douglas  fir  was  chosen. 

Time  was  of  great  importance,  and  some  doubts  were  expressed  as 
to  the  possibility  of  getting  the  lumber  in  the  3  months  available.  The 
order  was  given  by  the  speaker  on  August  18th,  and  the  first  carload 
arrived  on  September  29th,  just  6  weeks  later.  When  the  order  was 
given,  the  lumber  was  in  the  log.  It  was  sawed,  kiln-dried,  planed,  and 
shipped  within  2  weeks,  and  was  4  weeks  on  the  road.  The  kiln-drying, 
in  this  case,  was  preferred  to  open-air  drying,  as  it  boiled  out  the  pitch 
pockets  in  the  fir.  All  the  lumber  is  vertical  grain,  clear  and  free  from 
knots  or  other  defects,  except  an  occasional  pitch  pocket. 

Another  interesting  matter  was  the  design  of  the  playing  field.  The 
underlying  sand  was  so  porous  that  a  stream  from  a  2-in.  hose  would 
all  disappear  within  2  or  3  ft.  of  the  end  of  the  hose,  so  the  problem  was 
to  retain  moisture  enough  to  prevent  the  grass  from  burning  out,  and 
yet  have  a  field  that  would  dry  quickly  after  a  rain.  This  was  accom- 
plished by  using  18  in.  of  black  loam  and  by  crowning  the  field  1  ft., 
the  cross-section  consisting  of  two  very  flat  curves,  convex  upward, 
joined  by  a  sharper  curve  at  the  center  of  the  field.  The  scheme  has 
worked  perfectly. 

The  summary  of  items  of  construction  given  is  for  the  Bowl  in  its 
present  state,  and,  of  course,  many  of  these  will  be  changed  when  the 
work  is  completed. 

In  order  to  assist  any  one  desirous  of  obtaining  further  information, 
the  following  bibliography  of  articles  on  the  Bowl,  all  of  which  are 
illustrated,  is  given: 

Engineering  Record,  Unsigned  articles  in  March  and  N^ovember, 

1914. 
Engineering  News,  Article  by  the  speaker,  November  12th,   1914. 
Yale  Alumni  WeeMy,  Article  by  the  speaker,  November  27th,  1914. 
Proceedings,    Connecticut    Society   of   Civil    Engineers    for    1915. 

Paper  by  the  author. 
Journal,  Boston   Society  of  Civil   Engineers,  June,   1916.     Paper 

by  the  speaker. 

Much  credit  is  due  to  the  Committee  of  Consulting  Engineers  which 
assisted  in  getting  the  work  properly  started.  This  Committee  con- 
sisted of  Professor  John  C.  Tracy,  of  Sheffield  Scientific  School,  and 
H.  C.  Keith  and  James  B.  French,  Members,  Am.  Soc.  C  E.  Later, 
Mr.  French  was  appointed  Consulting  Engineer  in  charge  of  the  design 
and  construction  of  the  work,  and  the  first  contract  was  prepared  under 
his  direction. 

The  credit  for  carrying  on  the  remainder  of  the  work  is  largely  due 
to  Edward  G.  Williams,  M.  Am.  Soc.  C.  E.,  who  served  his  Alma  Mater 
without  pay  in  the  capacity  of  Advisory  Engineer,  and  by  his  wise 
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advice  and  careful  supervision  brought  the  work  to  a  successful  con-      Mr. 
elusion.     The  architectural  features  of  the  Bowl  were  designed  by  the 
Consulting  Architect,  Mr.  Donn  Barber,  of  New  York  City,  and  are 
exceptionally  effective. 

The  three  contracts  covering  the  work  described  were  finally  con- 
cluded early  in  1915.  The  speaker,  however,  was  retained  by  the 
Committee  to  carry  on  the  engineering  work,  and  contracts  were  pre- 
pared covering  the  completion  of  the  seating  structure,  permanent 
toilet  buildings,  and  permanent  fences,  in  expectation  of  proceeding 
soon  with  this  construction.  This  expectation  was  abandoned  in  the 
spring  of  1916,  and  the  only  work  new  being  done  is  the  construction 
of  some  17  000  temporary  seats  for  the  Yale-Harvard  game,  on  Novem- 
ber 25th,  1916.  This  will  make  the  total  seating  capacity  of  the  Bowl 
on  that  date  77  189. 

J.  B.  French,*  M.  Am.  Soo.  C.  E. — The  speaker,  if  he  is  to  say  Mr. 
anything,  can  most  properly  speak  for  those  who  advised  against  the 
building  of  the  concrete  facing  directly  on  the  embankment.  Pro- 
fessor John  C.  Tracy,  of  the  Yale  Faculty,  H.  C.  Keith,  M.  Am. 
Soc.  C.  E.,  and  the  speaker  were  asked  to  report  on  this  question  in 
November,  1912.  Plans  submitted  to  this  Committee  at  that  time 
were  materially  different  from  those  followed  in  the  construction.  As 
described  in  the  papers  then  submitted,  the  surface  of  the  inner  slope 
was  to  be  cut  into  steps  and  faced  with  concrete  4^  in.  in  thickness, 
laid  directly  on  the  sand,  in  the  same  manner  as  concrete  curbs  and 
sidewalks  are  built.  No  steel  reinforcement  was  proposed,  and  all 
drainage  was  to  be  carried  from  the  top  of  the  embankment  down  over 
all  the  steps  to  the  level  of  the  playing  field.  At  this  time,  also,  it 
was  hoped  that  the  Bowl  could  be  completed  in  the  fall  of  1913.  In 
other  words,  it  was  proposed  to  build  a  continuous  concrete  lining, 
nowhere  more  than  4^  in.  thick,  to  cover  an  area  measured  in  acres, 
on  a  new  and  hurriedly  built  embankment  274  ft.  high.  It  was  the 
opinion  of  the  Committee  that,  in  a  structure  as  important  and  con- 
spicuous as  this  was  bound  to  be,  the  procedure  proposed  would  invite 
undesirable  defects,  and  that,  though  it  might  be  possible  to  compact 
the  embankment  so  that  unsightly  cracks  might  not  occur,  it  was 
preferable  to  reduce  the  risk  to  a  minimum.  The  Committee,  there- 
fore, though  approving  the  general  plan,  reported  adversely  to  the 
proposed  construction  of  the  concrete  lining,  and  recommended  a  lining, 
lifted  a  few  inches  above  the  ground,  made  up  of  inverted  channel- 
shaped  slabs,  supported  by  radial  girders  resting  on  small  pedestals  built 
in  the  embankment.  It  was  proposed  to  make  the  slabs  uniformly 
30  in.  wide,  of  the  same  cross-section,  and  to  lay  out  the  work  so  that 
both  slabs  and  girders  should  have  spans  of  about  20  ft.,  and,  to  the 

*  New  York  City. 


198,8  DISCUSSION   ON   THE   YALE   BOWL  [Papers. 

Frenh  ^^^^*®^*  extent  possible,  be  duplicates  of  each  other.  The  variation 
'  in  the  rise  of  the  steps  or  benches  was  to  be  taken  care  of  by  the  form 
of  the  tops  of  the  radial  girders.  It  was  planned  to  have  the  very  large 
number  of  slabs  required  cast  in  advance  in  a  concrete  casting  yard, 
where  the  concrete  work  could  proceed  independently  during  the 
progress  of  the  earthwork,  and  to  erect  the  pre-cast  units  very  quickly 
with  a  small  traveling  derrick  as  fast  as  the  embankment  was  completed. 

To  facilitate  the  construction,  and  at  the  same  time  take  care 
of  the  rainfall  on  the  inner  lining,  the  slabs  were  not  to  fit  each  other 
closely,  but  were  to  be  separated  by  slits  at  least  J  in.  in  width  and 
were  to  be  tilted  to  shed  water.  Rainfall  was  to  be  prevented  from 
accumulating,  and  was  to  be  allowed  to  escape  directly  through  the 
sand  and  gravel,  as  it  had  always  done  before  in  the  plateau  in  which 
the  structure  was  to  be  built.  The  ability  of  this  material  to  absorb 
rainfall  had  been  proved  to  the  satisfaction  of  the  Committee  by  sinking 
a  shaft  at  the  site  from  the  surface  of  the  ground  to  below  the  depth 
of  the  playing  field,  and  this  shaft  had  cleared  itself  of  water  imme- 
diately after  every  heavy  rainfall.  To  protect  the  newly  made  inner 
face  of  the  earth  structure  from  being  carried  down  by  the  drainage, 
it  was  proposed  to  cover  it  with  a  layer  of  cinders,  about  6  in.  thick, 
a  method  found  particularly  effective  in  the  construction  of  railroad 
embankments. 

The  Committee  obtained  estimates  on  the  construction  described 
from  contractors  most  experienced  in  such  work,  and  was  convinced, 
that  the  cost  of  the  completed  structure  would  not  be  increased  mate- 
rially by  the  proposed  changes  from  the  original  plan.  ) 

The  recommendations  of  the  Committee  were  formally  adopted ;- 
detailed  plans  and  specifications  were  prepared  and  accepted;  and  a 
contract  was  executed  for  the  earthwork  and  concrete  tunnels,  leaving 
the  slab  work  for  the  interior  lining  to  be  included  in  a  later  contract. 
At  this  stage,  however,  other  counsel  prevailed,  and  the  slab  and 
pedestal  plan  was  abandoned.  From  the  description  given  in  the  paper,- 
it  appears,  however,  that  when  the  time  arrived  for  actually  building 
the  concrete  lining  on  the  embankment,  notwithstanding  the  extremely 
careful  and  expensive  methods  used  to  compact  the  fill,  it  was  not 
deemed  wise  to  disregard  the  advice  originally  given,  and  the  con- 
struction of  the  permanent  lining  was  postponed  until  the  danger 
of  settlement  should  be  known  to  have  passed.  It  is  also  to  be  noted 
that  the  temporary  construction  finally  placed  on  the  embankment 
allows  the  rainfall  to  pass  directly  into  the  underlying  sand  and  gravel 
without  accumulation,  exactly  as  was  proposed  in  the  slab  and- pedestal 
plan.  '.)ih  'io  s>b:vf  . 

In  view  of  the  final  decision,  not  to  build  directly  on  the  embank- 
jnent,  it  seems  unfortunate  that  so  much  expense  was  incurred  in  com- 
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pacting  the  material,  as  this   will   now  be  done  by  several  years   of     Mr. 
exiiosure  to  the  elements.  ^^ench. 

It  is  the  opinion  of  the  speaker,  and  he  knows  it  to  be  the  opinion 
of  others  who  have  had  experience  in  building  railroad  embankments, 
that  the  rolling  of  clean  sand  and  gravel,  such  as  was  available  for  this 
work,  is  of  doubtful  advantage,  and,  on  the  other  hand,  that  the  liberal 
use  of  water  while  the  material  is  being  deposited  is  highly  effective. 
From  the  levels  reported  by  the  author,  it  seems  to  have  been  demon- 
strated that  the  fill  was  well  compacted,  but  it  does  not  seem  at  all 
clear  that  this  result  was  due,  to  any  great  extent,  to  rolling.  As 
the  paper  states,  the  very  considerable  part  of  the  embankment  between 
the  tunnels  was  not  rolled,  and  as,  in  addition  to  the  water  applied 
while  the  material  was  being  deposited,  the  bulk  of  the  fill  had  been 
exposed  to  a  winter  of  snow  and  rain,  the  actual  advantage  of  the 
rolling  does  not  seem  to  have  been  very  conclusively  demonstrated. 

H.  C.  Keith,*  M.  Am.  Soc.  C.  E. — What  the  speaker  is  inclined  Mr. 
to  say  is  not  so  much  in  discussion  of  the  paper  as  an  expression  of 
appreciation  of  the  great  idea  which  Mr.  Ferry  presented  to  the  world 
in  building  the  stadium  in  this  form,  and  in  this  way,  at  New  Haven. 
There  are  very  few  places  where  such  a  stadium  could  be  built  satis- 
factorily: the  nature  of  the  soil  and  the  location  with  respect  to  the 
possibilities  of  drainage  were  great  factors  in  making  this  a  possibility. 

Although  it  was  necessary  for  the  speaker  and  his  associates  on 
the  Board  of  Consulting  Engineers,  at  one  time,  to  differ  from  Mr. 
Ferry  in  his  recommendations  in  some  details,  yet  they  always  felt 
that  he  was  deserving  of  great  credit  for  the  plan  presented.  The 
method  of  construction  has  also  been  an  important  factor  in  making 
the  design  a  success. 

It  is  disappointing  that  the  paper  gives  no  information  as  to  the 
cost  of  the  stadium  as  it  is  finished  to-day;  it  is  hoped  that  before  it 
is  printed  in  its  final  form,  such  figures  will  be  included.  It  is  also 
hoped  that  when  finally  printed  there  will  be  numerous  illustrations, 
not  only  pictorial,  but  those  showing  the  details  of  construction.  It  is 
well  that  the  Transactions  of  the  Society  should  make  ample  record  of 
this  construction. 

H.  F.  Dunham,*  M.  Am.  Soc.  C.  E.  (by  letter).!— The  double  roll-  Mr. 
ing,  with  frequent  disturbance  of  the  material,  was  helpful  in  some  ^"°^^"'- 
degree  in  making  a  firm  embankment.  Experience  has  shown  the 
advantage  of  vibration  in  solidifying  sand  and  gravel  when  under  pres- 
sure. Those  who  have  had  occasion  to  direct  the  tamping  of  loose  sand 
and  gravel  for  railway  water  tanks  and  building  foundations  will  be 
apt  to  agree  in  this.     The  vibration  in  all  such  cases,  even  when  slight, 

•  New  York  City. 
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Mr.  is  more  effective  than  the  pressure.  This  was  well  illustrated  by  experi- 
ments made  a  few  years  ago  in  New  York  City  by  Mr.  Alfred  0. 
Crozier  in  compacting  sand  for  concrete  products.  The  almost  instant 
reduction  in  volume  and  hardening  of  the  mass  that  occurred  under 
slight  vibration  in  two  directions  and  without  any  pressure  except  the 
weight  of  the  material  itself  was  a  matter  of  surprise  and  interest  to 
all  observers.  In  the  writer's  opinion,  any  easily  operated  tamping 
machine,  even  if  heavy  blows  are  not  delivered,  would  be  more  effective 
than  the  rollers.  This  view  is  not  to  be  considered  as  a  criticism  of 
this  excellent  paper,  which  brings  distinction  to  its  author. 
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MEMOIRS  OF  DECEASED  MEMBERS 

Note.- — Memoirs  will  be  reproduced  In  the  volumes  of  Transactions.  Any  in- 
formation which  will  amplify  the  records  as  here  printed,  or  correct  any  errors, 
should  be  forwarded  to  the  Secretary  prior  to  the  final  publication. 


CHARLES  WILCOX  HOTCHKISS,  M.  Am.  Soc.  C.  E.* 


Died  October  28th,  191G. 


Charles  Wilcox  Hotchkiss,  the  son  of  Edgar  F.  and  Caroline  Enos 
Hotchkiss,  was  born  at  Plainfield,  N.  Y.,  on  June  19th,  1863. 

Mr.  Hotchkiss  began  his  engineering  career  as  a  Kodman  on  the 
New  York,  West  Shore,  and  Buffalo  Railroad,  when  he  was  20  years 
old.  He  left  that  position  after  a  short  time  to  enter  the  employ  of 
the  Pennsylvania  Railroad  Company  as  Rodman  and  Assistant  Engi- 
neer, which  position  he  retained  until  August,  1886,  when  he  went  to 
the  Michigan  Central  Railroad,  as  Assistant  Engineer  in  charge  of 
construction.  In  1890,  he  was  appointed  Division  Engineer  in  charge 
of  the  Chicago  Division,  and,  in  May,  1895,  he  became  Chief  Engineer 
of  the  Chicago,  Hammond,  and  Western  Railroad,  in  full  charge  of 
all  matters  in  connection  with  its  construction.  In  1897,  Mr.  Hotch- 
kiss held  the  position  of  Chief  Engineer  and  Superintendent  of  Con- 
struction for  the  Chicago,  Hammond,  and  Western  Railroad  Company, 
and  of  the  Michigan  Central  Terminal  Railroads,  in  charge  of  the 
extension  of  the  Chicago  Terminal.  In  1899,  he  was  appointed  Chief 
Engineer  of  the  Chicago  Terminal  Transfer  Railway,  and  Consulting 
Engineer  of  the  Michigan  Central  System. 

In  1900,  Mr.  Hotchkiss  became  President  of  the  Indiana  Harbor 
Railroad  Company,  and  constructed  the  Indiana  Harbor  Belt  Railroad 
from  Indiana  Harbor  around  Chicago,  as  well  as  the  Chicago,  Indiana 
and  Southern  Railroad,  from  Chicago  to  Danville,  111.  After  com- 
pleting these  roads  in  1905,  he  effected  their  consolidation  with  the 
New  York  Central  System,  and  became  General  Manager  of  the  con- 
solidated companies. 

In  1912,  Mr.  Hotchkiss  became  President  of  the  Chicago  Utilities 
Company  and  the  Chicago  Tunnel  Company,  and,  in  1913,  he  was 
called  to  New  York  City  to  take  over  the  management  of  the  various 
properties  and  interests  of  the  late  H.  H.  Rogers.  At  the  time  of  his 
death,  which  occurred  at  Battle  Creek,  Mich.,  on  October  28th,  1916, 
from  organic  heart  trouble,  he  was  Chairman  of  the  Board  of  Directors 
of  the  Virginian  Railway  Company;  Chairman  of  the  Atlantic  Coast 
Electric  Railway  Company;  President  of  the  Chicago  Tunnel  Com- 
pany,  the  Rail  Joint  Company,   the   Richmond   Light   and   Railroad 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  Society  House. 
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Company,  the  Staten  Island  Midland  Railway  Company,  and  of  various 
other  power,  light,  and  railroad  companies. 

Mr.  Hotchkiss  was  a  pioneer  in  the  promotion  and  development 
of  the  Calumet  Manufacturing  District  of  Indiana,  particularly  in 
the  Cities  of  East  Chicago,  Indiana  Harbor,  Hammond,  and  Michigan 
City.  By  his  construction  and  development  of  the  railroad  facilities 
of  that  District  he  laid  the  groundwork  for,  and  made  possible,  the 
present  tremendous  growth  of  these  localities.  He  retained  an  active 
interest  in  the  Calumet  District  until  his  death,  and  the  recently  com- 
pleted building  for  the  First  Calumet  Trust  and  Savings  Bank,  at  East 
Chicago,  which  is  the  finest  bank  building  in  Northern  Indiana  and 
was  erected  under  the  personal  direction  of  Mr.  Hotchkiss,  together 
with  the  Indiana  Harbor  Belt  Railroad,  are  the  two  outstanding  monu- 
ments to  his  activities  in  that  region.  He  also  had  large  real  estate 
holdings  there,  extending  from  Laporte  and  Michigan  City,  Ind.,  to 
Chicago,  111. 

Mr.  Hotchkiss  is  survived  by  his  widow,  Mrs.  Mary  Jayne  Hotch- 
kiss, and  by  two  brothers  and  one  sister. 

He  was  a  member  of  the  Chicago,  Mid  Day,  Press  and  Engineers' 
Clubs,  and  of  the  Indiana  Society,  of  Chicago,  111.;  Duquesne  Club, 
of  Pittsburgh,  Pa. ;  the  Law;y'ers',  Engineers',  Transportation,  and  Rich- 
mond Country  Clubs,  of  New  York  City;  the  Western  Society  of 
Engineers ;  the  American  Railway  Engineering  Association ;  and  a  Life 
Member  of  the  Art  Institute  of  Chicago.  He  was  also  a  member  of 
the  Protestant  Episcopal  Church  and  the  Medinah  Temple  Shrine. 

Mr.  Hotchkiss  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  January  5th,  1898. 


THEODORE  HALL  McKENZIE,  M.  Am.  Soc.  C.  E.* 


Died  May  3d,  1916. 


Theodore  Hall  McKenzie  was  born  in  Yalesville,  Conn.,  on  March 
29th,  1847.  His  father,  William  McKenzie,  was  a  native  of  Scotland, 
who  came  to  America  when  a  young  man  and  engaged  as  a  contractor 
in  the  construction  of  buildings  and  stoi>e  bridges.  His  mother.  Tem- 
perance (Hall)  McKenzie,  was  a  descendant  of  an  old  Connecticut 
family,  and  had  great  strength  of  character. 

During  boyhood,  Theodore  Hall  McKenzie  attended  schools  in 
Wallingford  and  Meriden,  Conn.,  and,  later,  took  the  Scientific  Course 
at  the  Literary  Institute,  in  Suffield,  where  he  studied  Surveying. 
When  still  a  lad,  he  read  many  scientific  books,  and  during  1866-68 
he  assisted  his  father  in  the  construction  of  public  works. 

*  Memoir  prepared  by  Mansfield  Merriman,  M.  Am.  Soc.  C.  E. 
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From  1868  to  1872  he  worked  with  location  and  construction  parties 
on  several  railroads  in  Connecticut  and  Massachusetts.  During  this 
period,  he  took  private  lessons  under  professors  of  the  Sheffield  Scien- 
tific School  of  Yale.  He  then  became,  for  two  years,  Division  and 
Resident  Engineer  on  the  Providence  and  Springfield  Railroad.  From 
1875  to  1878,  he  was  City  Engineer  of  Meriden,  Conn.,  where  he  pre- 
pared plans,  under  the  direction  of  the  late  E.  S.  Chesbrough,  Past- 
President,  Am.  Soc.  C.  E.,  for  the  sewerage  of  that  city,  and  also 
built  reservoirs  for  an  addition  to  its  water  supply. 

In  1878  Mr.  McKenzie  was  elected  Secretary  of  the  Peck,  Stow  and 
Wilcox  Company,  hardware  manufacturers,  of  Southington,  Conn., 
which  position  he  held  for  10  years.  During  this  period,  he  designed 
and  built  the  water-works  of  Southington  and  Plainville.  He  also 
planned  a  sewage  disposal  plant  for  Meriden,  which  was  the  first  in 
Connecticut.  A  paper  on  "The  Water- Works  of  Southington,  Con- 
necticut",* was  written  by  him  and  presented  before  the  Society. 

After  1888,  Mr.  McKenzie  maintained  offices  in  Southington  and 
Hartford,  and  served  as  Consulting  Engineer  on  the  construction  of 
fourteen  water-works  and  twelve  sewerage  systems.  Among  these  may 
be  mentioned  the  water-works  at  Naugatuck,  Litchfield,  Wallingford, 
Simsbury,  Terryville,  Newton,  and  South  Manchester,  Conn.,  and 
Brewster,  N.  Y. ;  sewage  disposal  plants  at  Manchester,  South  Man- 
chester, Norfolk,  Bristol,  Ridgefield,  and  Sharon,  Conn.,  Johnstown 
and  Glove rsville,  N.  Y.,  and  Princeton,  N.  J. ;  also  water-power  develop- 
ments at  Berlin,  Conn.,  and  Croton  Falls,  N.  Y.  Since  1906,  he  had 
been  largely  engaged  in  the  appraisal  of  mills  and  water  power  on  the 
Croton  and  Ashokan  water-sheds  for  the  supply  of  the  City  of  New 
York,  and  on  similar  work  for  the  Barge  Canal  in  New  York  State. 
He  was  frequently  an  expert  witness  in  litigations  regarding  such 
property. 

In  1887,  the  Legislature  of  Connecticut  constituted  a  State  Board 
of  Civil  Engineers  to  inspect  dams  and  to  approve  plans  for  new  dams 
and  reservoirs;  Mr.  McKenzie  was  a  member  of  this  Board  for  more 
than  a  quarter  of  a  century,  and,  during  part  of  that  time,  he  was  its 
Chairman. 

Mr.  McKenzie  was  Secretary  and  Superintendent  of  the  South- 
ington Water  Company  for  27  years,  and  Secretary  and  Manager  of 
the  Terryville  Water  Company  for  4  years.  He  served  as  the  Engineer 
Member  of  the  Connecticut  State  Board  of  Health  for  20  years.  He 
was  a  member  of  the  Connecticut  Society  of  Civil  Engineers,  of  the 
New  England  Water- Works  Association,  and  of  the  American  Public 
Health  Association.  He  was  also  a  member  of  the  Masonic  fraternity, 
and  of  the  Baptist  Church. 

•  Transactions,  Am.  Soc.  C.  E.,  Vol.  XV  (1886),  p.  885. 
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He  was  a  hard  worker  in  his  profession,  but,  in  his  home,  he  loved 
the  recreation  of  music,  and  out-of-doors  he  regarded  horses  as  one  of 
the  best  relaxations  from  the  cares  of  life.  His  favorite  counsel  to 
■young  men  was  to  learn  thoroughly  some  business  or  profession  and 
to  abstain  entirely  from  tobacco  and  liquors.  Mr.  McKenzie  was  held 
in  esteem  by  his  business  associates  and  by  the  community  in  which 
he  lived  on  account  of  his  high  character  and  pleasing  personality. 

He  died  suddenly,  from  an  attack  of  heart  desease,  in  his  office  in 
Southington,  shortly  after  having  arrived  there  to  begin  the  work  of 
the  morning. 

Albert  B.  Hill,  M.  Am.  Soc.  C.  E.,  of  New  Haven,  Conn.,  writes  as' 
IfoUows  regarding  Mr.  McKenzie: 

"  '  "I  was  not  intimately  acquainted  with  him  and  was  never  associated 
"i^rith  him  on  any  work,  although  I  was  on  the  opposite  side  in  several 
water  cases.  His  services  were  much  in  demand  as  an  expert  in  hy- 
draulic cases.  Hot  only  in  his  own  State  but  in  neighboring  States.  He 
i\vas  very  zealous  for  the  interests  of  his  clients  and  considerate  of  his 
opponents. 

"He  had  a  very  pleasant,  agreeable  personality,  and  will  be  greatly 
iilissed  in  New  England  engineering  circles." 

i;,    Kobert  E.  Horton, ^.  Am.  Soc.  C.  Jl„,of  Albany,  N.  Y.,  writes  as 

"  "I  knew  Theodore  H.  McKenzie  quite  intimately  during  the  period 
from  1906  until  the  time  of  his  death.  My  association  with  him  was 
largely  in  the  matter  of  preparation  of  technical  evidence  in  water- 
power  claims  on  Esopus  Creek.  However,  he  was  also  associated  with 
me  in  the  defense  of  certain  water-power  and  flood  claims  arising  from 
the  construction  of  the  Barge  Canal,  we  being  both  employed  by  the 
State  of  New  York  on  these  matters.  We  were  also  associated  on  cer- 
tain matters  involving  water-power  and  water  supplies,  quite  a  number 
of  matters,  in  fact,  in  New  England.  I  would  say  of  Mr.  McKenzie 
that  one  might  on  first  acquaintance  easily  misjudge  him  because  of 
his  inclination  to  be  apparently  brusque  and  very  direct  and  frank  in 
anything  he  had  to  say.  The  frankness  and  directness  were  true  char- 
acteristics of  the  man.  The  brusqueness  was  apparent,  not  real,  as  on 
better  acquaintance  he  was  found  to  be  exceedingly  genial  and  cordial, 
in  fact,  I  have  known  but  few  men  who  were  so  carefully  and  con- 
sistently loyal  and  devoted  to  their  friends  as  Mr.  McKenzie. 

"In  professional  work  Mr.  McKenzie  may  be  said  to  have  belonged 
to  the  older  school  of  practical  engineers.  The  methods  which  he 
adopted  for  the  solution  of  problems  were  nearly  always  simple  and 
direct.  He  had  had  a  very  wide  experience  in  engineering  work  in 
certain  lines,  especially  water  supply,  sewerage,  and  water-power  work. 
This  experience  had  given  him  most  excellent  Judgrnent  in  matters  to 
which  it  related.  He  would  reach  conclusions  at  times  in  so  simple 
and  direct  a  manner  as  perhaps  to  arouse  suspicion  on  the  part  of  some 
of  the  younger  generation  who  believe  that  correct  results  in  similar 
matters  can  only  be  reached  through  long  processes  of  calculation.     To 
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one,   however,   who   knew   Mr.    McKenzie's   rich  experience,   his  judg- 
ment would  be  most  highly  esteemed. 

"Mr.  McKcnzie  was  at  times  somewhat  severe  in  his  criticism  of 
those  whom  he  believed  to  be  dishonest  or  unprincipled  in  their 
actions.  He  was  himself  apparently  incapable  of  anything  but  abso- 
lute frankness.  This  trait  was  often  evident  in  his  work  as  an  expert 
witness,  wherein  he  would  very  readily  admit  any  necessary  qualifica- 
tion of  testimony  he  had  given  which  was  brought  to  his  attention. 
This  was  at  times  perhaps  a  little  distressing  to  attorneys  with  whom 
he  was  associated,  but,  on  the  other  hand,  he  numbered  among  his 
most  steadfast  friends  many  attorneys  prominent  in  the  trial  of 
technical  cases,  both  those  with  whom  he  had  been  associated  and 
those  whom  he  had  opposed." 

On  October  11th,  1871,  Mr.  McKenzie  was  married  to  Mary  E.  iSieal, 
daughter  of  Roswell  A.  and  Eunice  (Atkins)  Neal,  of  Southington, 
Conn.  She  survives  him,  with  two  sons,  Samuel  H.  and  William  A. 
McKenzie,  and  two  daughters,  Eunice  J.  and  Fanny  L.  McKenzie. 

Mr.  McKenzie  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  September  7th,  1881.      ^ 


LEONARD  WARREN  RUNDLETT,  M.  Am.  Soc.  C.  E.* 


Died  October  13th,  1916. 


Leonard  Warren  Rundlett  was  born  in  Alna,  Lincoln  County, 
Me.,  on  September  21st,  1846.  During  boyhood  he  lived  in  Bruns- 
wick, Me.  While  he  was  very  young  his  father  died,  after  which  he 
lived  with  his  widowed  mother  and  only  sister.  He  attended  school  at 
Brunswick,  and  was  graduated  from  Bowdoin  College  in  1868,  after- 
ward taking  a  post-graduate  course  in  engineering. 

Two  years  after  graduation  he  went  to  St.  Paul,  Minn.,  where  he 
joined  the  Engineer  Corps  of  the  St.  Paul  and  Pacific  Railroad  Com- 
pany (now  the  Great  Northern  Railway),  and  was  engaged  for  two 
years  in  railroad  construction  work  in  Minnesota. 

In  1872  Mr.  Rundlett  entered  the  employ  of  the  City  Engineer  of 
St.  Paul.  He  remained  in  this  office,  succeeding  to  that  position  nine 
years  later.  Resigning  from  that  office  in  1883,  he  devoted  two  years 
to  planning  and  constructing  the  St.  Paul  Water-Works.  He  then 
resumed  the  position  of  City  Engineer  and  remained  in  charge  of  the 
engineering  work  of  the  city,  with  the  exception  of  one  term,  until 
1911,  During  this  time  the  city  had  increased  from  a  frontier  town  of 
25  000  people  to  a  city  of  250  000.  Its  public  works,  bridges,  streets, 
sewers,  water-works,  and  public  buildings,  costing  many  millions,  had 
been  planned  and  executed  under  his  supervision.  The  administration 
of  the  Engineering  Department  had  occupied  practically  all  his  pro- 

*  Memoir  prepared  by  George  t,.  Wilsor,  M.  Am.  Soc.  C.  E. 
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fessional  life,  as  he  had  been  connected  with  it  for  38  years;  during 
this  time  the  city  government  was  controlled  by  parties  of  different 
political  views,  but,  in  the  words  of  the  leading  paper  of  the  city 
after  his  death : 

"Through  them  all  L.  W.  Rundlett  was  recognized  as  a  competent 
engineer  and  a  personally  honest  man.  He  came  through  all  without 
a  taint  upon  his  personal  honesty." 

The  Commercial  Club  of  the  city,  of  which  he  was  an  active  member 
for  many  years,  in  memorial  resolutions  states: 

"During  many  years  of  work  as  a  public  official  of  this  city  he 
exemplified  the  highest  type  of  official  service,  marked  by  ability,  integ- 
rity, and  humanity;  and  was  in  all  things  above  the  temptations  of 
office,  power,  or  place;  caring  not  for  public  or  personal  honors  so 
much  as  he  cared  for  the  approval  of  his  own  conscience  and  the 
merited  affection  of  his  fellow-men." 

During  the  term  he  was  not  City  Engineer,  Mr.  Rundlett  was  in 
charge  of  important  hydraulic  development  on  the  Apple  River, 
Wisconsin. 

In  1913  and  1914  he  was  Commissioner  of  Public  Works  for  the 
City  of  Moose  Jaw,  Saskatchewan,  Canada.  After  this,  he  opened  an 
office  as  Consulting  Engineer  in  St.  Paul.  His  health  had  been  poor 
for  some  months ;  he  had  been  suffering  from  heart  trouble,  but  finally, 
on  October  13th,  the  end  came  suddenly  at  his  home. 

He  was  married  to  Miss  Mary  Atwater  Barry,  of  Milwaukee,  Wis., 
on  October  27th,  1881.  Miss  Barry  was  the  daughter  of  Capt.  Garrett 
Barry,  a  graduate  of  West  Point,  and  Mary  Atwater,  of  Wallingford, 
Conn.  Mrs.  Rundlett  and  one  daughter,  Mrs.  Garritta  (Rundlett) 
Edgerton,  survive  him. 

Mr.  Rundlett  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  September  5th,  1883.  He  served  as  a  Director 
of  the  Society  in  1911-13. 

FRANK  OSCAR  SINCLAIR,  M.  Am.  Soc.  C.  E.* 


Died  November  15th,  1916. 


Frank  Oscar  Sinclair  was  born  at  Burlington,  Yt.,  on  September 
Yth,  1860.  He  received  his  technical  education  at  the  University  of 
Vermont,  from  which  he  was  graduated  in  the  Class  of  1882. 

During  the  summers  of  1881  and  1882  he  was  employed  as  Assistant 
Engineer  on  the  location  and  construction  of  the  Canada-Atlantic 
Railway.  In  May,  1883,  Mr.  Sinclair  went  West  and  was  engaged 
until  July,  1884,  as  Assistant  City  Engineer  of  Leavenworth,  Kans., 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  House  of  the 
Society. 
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in  charge,  under  the  late  G.  W.  Pearsons,  M.  Am.  Soc.  C  E.,  as 
Consulting  Engineer,  of  the  construction  of  a  sewer  system  for 
that  city. 

From  July,  1884,  to  October,  1892,  he  was  engaged  on  railroad 
work  in  the  West  and  South,  as  follows:  July,  1884,  to  January,  1885, 
Assistant  Engineer  with  the  Missouri  Pacific  Railway  Company,  with 
headquarters  at  Atchison,  Kans. ;  July,  1885,  to  July,  1887,  Assistant 
and  Division  Engineer  with  the  Chicago,  Rock  Island,  and  Pacific 
Railway  Company,  in  charge  of  part  of  location  and  construction  on 
lines  west  of  the  Missouri  River;  September,  1887,  to  July,  1890,  Prin- 
cipal Assistant  Engineer  of  the  Knoxville  Southern  Railway;  July  to 
November,  1890,  on  location  for  the  West  Virginia  and  Pittsburgh 
Railroad  Company  in  West  Virginia;  August,  1891,  to  October,  1892, 
Chief  Engineer  for  the  Ducktown  (Tenn.)  Mineral  Railway  Company 
and  the  Ducktown  Sulphur,  Copper,  and  Iron  Company,  constructing 
a  narrow-gauge  railway,  erecting  a  crushing  plant,  smelting  sheds, 
roasting  furnaces,  etc. 

Mr.  Sinclair  then  returned  to  Burlington,  Vt.,  where  he  opened 
an  office  and  engaged  in  private  practice  as  a  Consulting  Engineer. 
He  served  as  Chief  Engineer  on  the  construction  of  the  Burlington 
Traction  Company's  lines,  the  water-power  plant  for  Vergennes,  and 
the  Bolton  Falls  Dam.  He  was  also  engaged,  from  June,  1896,  to 
August,  1900,  as  Contracting  Engineer  for  the  Pittsburgh  Bridge 
Company  in  Vermont. 

In  1904,  Mr.  Sinclair  was  appointed  City  Engineer  of  Burlington, 
Vt.,  and  held  that  office  until  his  death.  He  also  served  as  a  member 
of  the  Board  of  Aldermen  from  Ward  1,  from  1899  to  1903 ;  Superin- 
tendent of  the  Water  Department  from  1905  to  1909;  and  Member  of 
the  Board  of  Street  Commissioners  from  1913  to  1916,  serving  as 
Chairman  in  1913  and  1914. 

In  1910,  Mr.  Sinclair  was  appointed  Consulting  Engineer  of  the 
Public  Service  Commission  of  Vermont,  which  position  he  held  at 
the  time  of  his  death  which  occurred  on  November  15th,  1916,  following 
an  operation.  He  is  survived  by  his  widow  and  three  children,  and  by 
two  brothers. 

Mr.  Sinclair  was  a  man  of  the  conservative  type.  He  had  many 
times  proved  himself  capable  of  grasping  large  problems  and  of  working 
them  out  successfully.  He  had  established  a  reputation  as  a  careful 
and  accurate  engineer,  in  recognition  of  which  he  had  filled  many 
positions  of  trust,  among  which  was  a  recent  appointment  by  the  Secre- 
tary of  the  Navy  as  Chairman  of  the  State  Directors  and  Associate 
Members  of  the  Naval  Construction  Board  of  Vermont.  His  sudden 
death  was  a  distinct  shock  to  the  people  of  Burlington,  which  city  he 
had  served  worthily  in  so  many  capacities,  and  his  loss  will  be  deeply 
felt  by  all  who  knew  him. 
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Pie  was  a  Past-President  of  the  Vermont  Society  of  Engineers,  a 
member  of  Hamilton  Lodge,  I.  O.  O.  F.,  the  Algonquin  Club,  and  a 
charter  member  of  Vermont  Alpha  of  Phi  Delta  Theta.  He  was  also 
a  member  of  the  Official  Board  of  the  Methodist  Church,  and  had 
been  a  teacher  in  the  Sunday  School  for  many  years. 

Mr.  Sinclair  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  November  6th,  1901. 


AUGUSTUS  WATEROUS  AGtNEW,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  September  17th,  1916. 


Augustus  Waterous  Agnew,  the  only  son  of  William  Agnew,  now 
of  Victoria,  B.  C,  was  born  at  Montreal,  Que.,  Canada,  on  June  6th, 
1884.  He  received  his  engineering  education  at  the  Royal  Military 
College,  Kingston,  Ont.,  Canada,  and  at  the  Crystal  Palace  Practical 
School  of  Engineering,  London,  England. 

I  Returning  to  Canada,  Mr.  Agnew  began  his  professional  career, 
in  January,  1906,  on  preliminary  and  location  surveys  for  the  Can- 
adian Pacific  Railway,  with  headquarters  at  Montreal,  Que. 

In  July,  1906,  he  went  to  Saskatchewan  as  Instrumentman  on  the 
construction  of  the  Grand  Triink  Pacific  Railway.  In  December  of 
the  same  year,  he  went  to  Prince  Rupert,  B.  C,  where  he  was 
employed,  as  Resident  Engineer,  on  hydrographic,  topographical,  and 
town-site  surveys,  and  also  on  sewer  construction,  under  James  H. 
Bacon,  M.  Am.  Soc.  C.  E.,  then  Harbor  Engineer,  Grand  Trunk 
Pacific  Railway. 

In  May,  1909,  Mr.  Agnew  left  the  employ  of  the  Grand  Trunk 
Pacific  Railway  to  engage  in  private  practice  as  a  member  of  the 
firm  of  Ritchie,  Agnew,  and  Company,  with  offices  at  Prince  Rupert, 
B.  C.  Among  other  work,  this  firm  had  charge  of  the  construction 
of  the  first  water  supply  system  for  the  City  of  Prince  Rupert, 
including  three  dams,  and  14  miles  of  supply  and  distribution  mains. 
The  firm  was  also  engaged  on  wharf  design  and  construction;  the 
supervision  of  surveys,  plans,  stream  measurements,  and  estimates  for 
a  permanent  municipal  water  supply  and  power  project;  investigation 
surveys,  etc.,  for  power  projects  for  the  Prince  Rupert  Hydro-Electric 
Company,  Limited,  as  well  as  the  design  and  supervision  of  the  sub- 
division of  a  town  site  of  1  000  acres,  including  topographical  and 
hydrographic  surveys  and  harbor  layout,  adjoining  Prince  Rupert, 
with  R.  H.  Thomson,  M.  Am.  Soc.  C.  E.,  acting  as  Consulting  Engi- 
neer, and  numerous  small  sewerage  and  water  supply  schemes,  and 
water-power  investigations. 
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In  1913,  Mr.  Agnew  became  interested  in  the  development  of  a 
large  water-power  at  Stamps  Falls,  near  Alberni,  Vancouver  Island, 
capable  of  developing  75  000  h.  p.,  and  prepared  extensive  plans,  the 
development  of  which,  owing  to  the  outbreak  of  the  war,  hud  to  be 
postponed.  Mr.  Agnew's  valuable  work  on  this  project  will  no  doubt 
later  bear  fruit. 

In  the  spring  of  1914,  he  moved  to  Victoria,  B.  C,  where  he  took 
the  contract  for  laying  the  sewer  system  of  Equimalt  which  he  coin- 
pleted.  ' ' 

When  the  48th  Battalion,  Canadians,  was  mobilized  there  for  ser- 
vice in  the  European  war,  he  transferred  from  the  Corps  of  Guides 
to  that  Battalion,  and  went  overseas  as  its  Captain  and  Adjutant! 
The  Battalion,  through  the  efforts  of  Captain  Agnew  and  a  few  Si 
its  officers,  went  to  the  front  as  a  unit  and  an  Engineering  Battalioii 
of  the  3d  Canadian  Division,  and  was  afterward  known  as  the  3a 
Canadian  Pioneer  Battalion,  Then  it  was  that  Captain  Agnevr^ 
engineering  training  came  into  service,  and  he  made  a  reputatidri 
for  it  that  became  known  among  many  of  the  other  Canadian  and 
British  Battalions.  In  April,  1916,  after  six  weeks  in  Belgium,  cbn^ 
structing  trenches  in  the  Ypres  salient,  Captain  Agnew  was  seriouslj^ 
wounded  in  the  head  and  right  arm  by  high  explosive  shrapnel,  and 
subsequently  suffered  the  loss  of  his  left  eye.  After  a  month  in  the 
hospital,  he  went  to  Hythe,  in  Kent,  England,  where,  during  his  sick 
leave,  he  voluntarily  gave  much  needed  instruction  to  non-commis- 
sioned officers  and  men  of  the  Pioneers  Depot  at  South  Caesar'fe 
Camp,  Shorncliffe,  England.  He  was  offered  a  position  as  Major 
on  the  3d  Canadian  Divisional  Staff,  but  as  he  was  eager  to  g6t 
back  with  his  men,  he  obtained  shortened  leave  and,  on  August  1st, 
took  command  once  more  of  his  old  Company  at  the  front.  After 
six  weeks  he  was  again  dangerously  wounded  while  preparing  the 
trenches  for  the  infantry  to  hold  during  the  battle  of  Courcelette,  on 
September  15th,  and  died  after  an  operation,  at  a  Casualty  Clearing 
Hospital  near  Amiens,  France,  on  September  lYth,  1916. 

Captain  Agnew  will  be  greatly  missed  by  all  who  knew  him  well 
enough  to  appreciate  his  many  fine  personal  qualities  as  well  as  his 
ability  as  an  engineer.  He  was  well  liked  by  his  fellow  officers  and 
by  the  men  whom  he  had  trained  and  vnth  whom  he  had  fought.  The 
splendid  state  of  organization  and  efficiency  reached  by  his  Battalion 
was  due  largely  to  his  tireless  energy  and  ability  in  engineering  and 
leadership. 

He  was  an  Associate  Member  of  the  Canadian  Society  of  Civil 
Engineers,  and  an  Associate  Member  of  the  Society  of  Engineers 
(Incorporated),  of  London,  England. 

Captain  Agnew  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  July  2d,  1913. 
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ROBERT  HAMMOND  BOYNTON,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  September  18th,  1916. 


Robert  Hammond  Boynton,  the  son  of  the  late  Henry  P.  and  Emma 
(Hammond)  Boynton,  was  born  at  Batavia,  N.  Y.,  on  May  21st,  1886. 
He  received  his  early  education  in  the  public  schools  of  his  home  town, 
having  been  graduated  from  the  High  School  in  1903.  In  September, 
1904,  he  entered  the  Civil  Engineering  Departm.ent  of  the  University 
of  Michigan,  where  he  remained  until  June,  1906,  when  he  left  college 
to  enter  the  employ  of  the  New  York  Central  and  Hudson  River  Rail- 
road Company,  as  Chainman  on  grade  reduction  between  Syracuse  and 
Rochester,  N.  Y.  In  April,  1907,  he  was  advanced  to  the  position  of 
Rodman  on  the  same  work,  but  resigned  in  October,  1907,  to  return  to 
the  University  of  Michigan,  from  which  he  was  graduated  in  June, 
1910,  with  the  degree  of  Bachelor  of  Science  in  Civil  Engineering. 

On  July  1st,  1910,  Mr.  Boynton  entered  the  employ  of  the  Missouri 
Pacific  Railroad  Company,  as  Rodman  in  the  Maintenance  of  Way 
Department,  with  headquarters  at  St.  Louis,  Mo.,  being  in  charge  of 
track  renewal  and  engaged  in  general  office  and  field  work  connected 
with  the  Department.  In  June,  1911,  he  was  transferred  to  the 
Construction  Department,  with  headquarters  at  Marianna,  Ark.,  as 
Inspector  of  bridge  construction  on  the  Marianna  Cut-off.  In  March, 
1912,  he  was  again  transferred  to  the  Illinois  Division,  with  head- 
quarters at  Hlmo,  Mo.,  as  Assistant  Engineer  engaged  in  routine  office 
and  field  work  connected  with  the  Maintenance  Department. 

In  December,  1912,  Mr.  Boynton  entered  the  service  of  the  Missis- 
sippi River  Commission  as  Recorder  on  a  river  survey  between  Fort 
Jackson  and  Port  Eads,  La. 

On  April  1st,  1913,  he  was  appointed  City  Engineer  of  Frankfort, 
Ind.,  by  the  Mayor,  Dr.  0.  W.  Edwards,  to  fill  an  unexpired  term.  In 
January,  1914,  Mr.  Boynton  was  re-appointed  to  the  same  office  by  the 
newly  elected  Mayor,  Dr.  Oliver  Gard,  and  remained  in  that  position 
until  his  death,  on  September  18th,  1916,  following  a  long  illness 
resulting  from  heart  trouble  and  a  complication  of  diseases,  due  to 
exposure  and  malaria  contracted  while  he  was  engaged  on  engineering 
work  in  the  Southwestern  States. 

Mr.  Boynton  was  considered  one  of  the  best  City  Engineers  that 
Frankfort,  Ind.,  ever  had.  He  had  charge  of  the  design  and  construc- 
tion of  all  street  and  sewer  improvements,  and  through  his  efforts  a 
complete  set  of  street  and  sewer  records  of  the  city  was  made,  thereby 
giving  the  Municipal  Government  its  first  check  on  sewers,  streets, 
and  property  owners.     He  had  also  completed  a  map  of  the  City  of 
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Frankfort,  which  has  been  widely  used  by  those  interested  in  its  public 
improvements. 

Mr.  Boynton  had  a  genial  disposition  and  readily  made  and  held 
as  friends  all  who  met  him.  He  was  most  efficient  and  honest,  and 
through  his  conscientious  efforts  and  steady  application  to  duty,  he 
received  and  maintained  for  his  Department  perfect  work  from  the 
contractors  employed  thereby.  He  was  an  expert  on  filing  systems, 
and  at  the  time  of  his  death  was  preparing  himself  for  the  work  of  a 
Consulting  Engineer  and  City  Manager. 

Mayor  Oliver  Gard  writes  of  him,  as  follows: 

''Our  city  was  deeply  shocked  when,  on  September  18th,  the  death 
of  Robert  H.  Boynton,  City  Engineer,  was  announced.  While  he  had 
not  been  a  resident  of  this  city  for  many  years,  yet  we  had  learned 
to  regard  him  highly.  His  work  as  City  Engineer  had  been  very  labori- 
ous, but  always  satisfactory.  His  efficiency  was  never  questioned.  We 
regret  his  untimely  death." 

Mr.  Boynton  was  married  on  October  15th,  1912,  to  Miss  Zua  Rice, 
a  daughter  of  Mr.  and  Mrs.  John  A.  Rice,  of  Frankfort,  Ind.,  who, 
with  his  mother,  Mrs.  Emma  Boynton,  and  a  brother,  R.  Rae  Boynton, 
of  Rochester,  X.  Y.,  survives  him. 

He  was  a  member  of  the  Presbyterian  Church  of  Frankfort,  Ind., 
and  of  Masonic  Lodge  No.  475,  of  Batavia,  N.  Y.  He  was  also  a 
member  of  the  American  Society  of  Municipal  Improvements,  the 
Municipal  League  of  Indiana,  the  Akhenaton  Society  of  Ann  Arbor, 
Mich.,  the  Alumni  Association  of  the  University  of  Michigan,  and 
the  Chamber  of  Commerce  of  Frankfort,  Ind. 

Mr.  Boynton  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  May  6th,  1914,  and  an  Associate  Member  on  April  18th, 
1916.  

JOSE  PETRONIO  KATIGBAK,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  May  16th,  1916. 


Jose  Petronio  Katigbak  was  born  at  Lipa,  Batangas,  Philippine 
Islands,  on  October  4th,  1879.  His  parents,  Mariano  Katigbak  and 
Isabel  (Macarandang)  Katigbak,  both  of  Lipa,  Batangas,  were  wealthy 
hacienderos,  and  belonged  to  the  most  prominent  families  in  the 
Province. 

His  preliminary  education  was  obtained  in  the  Ateneo  Municipal 
de  Manila,  a  school  conducted  by  the  Jesuit  Order,  from  which  he 
was  graduated,  with  the  degree  of  B.  A.,  in  1896,  at  the  head  of  his 
class. 

He  then  studied  medicine  for  one  year  in  the  University  of 
Sto.  Tomas,  Manila,  but  this  not  being  to  his  liking,  he  decided  to 
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study  engineering,  and  while  preparing  himself  to  go  abroad,  he  taught 
Spanish  literature  in  the  High  School  of  his  native  town  during  1898 
and  1899,  his  services  being  given  free  for  the  benefit  of  his  countrymen. 

Mr.  Katigbak  then  went  to  Europe  and  traveled  extensively  through 
France,  Italy,  Germany,  and  England,  and,  in  1900,  entered  King's 
College  of  the  University  of  London,  from  which  he  was  graduated  in 
June,  1903,  with  the  degree  of  Qualified  Civil  Engineer  and  the  Certifi- 
cate of  Distinction. 

He  then  entered  the  Lawrence  Scientific  School  of  Harvard 
University  and  was  graduated  with  the  degree  of  S.  B.  in  Engineering, 
in  June,  1904. 

Subsequent  to  his  graduation,  he  took  the  1904  Special  Summer 
Course  at  Harvard,  specializing  in  Plane,  Railroad,  and  Geodetic  Sur- 
veying. On  finishing  this  course,  Mr.  Katigbak  entered  the  employ  of 
S.  D.  Warren  and  Company,  of  Westbrook,  Mass.,  remaining  with 
that  company  for  7  months  in  the  capacity  of  Draftsman,  Surveyor  and 
Designer. 

In  1905,  he  returned  to  his  native  land  and  obtained  a  position 
with  the  Bureau  of  Public  Works,  where  he  was  employed  for  about 
4  months  as  Transitman,  laying  out  the  City  of  Baguio  in  accordance 
with  the  plans  prepared  by  G.  E.  Burnham,  Assoc.  M.  Am.  Soc.  C.  E. 

On  February  5th,  1906,  Mr.  Katigbak  was  transferred  to  the  De- 
partment of  Engineering  and  Public  Works  of  the  City  of  Manila, 
and  remained  in  the  service  of  the  City  until  his  death.  His  promotion 
was  rapid,  as  may  be  seen  from  his  service  record :  February  5th,  1906, 
Surveyor  (temporary) ;  July  1st,  1906,  Transitman  (probationary) ; 
April  1st,  190Y,  Assistant  Engineer;  May  1st,  1908,  Chief  Surveyor; 
Jime  1st,  1910,  Second  Assistant  City  Engineer ;  June  3d,  1910,  Instruc- 
tor in  Graphics,  University  of  the  Philippines,  in  addition  to  his  other 
duties;  October  1st,  1911,  Superintendent  of  Streets  and  Bridges; 
March  4th,  1914,  First  Assistant  City  Engineer. 

On  several  occasions,  during  the  absence  of  the  City  Engineer, 
Mr.  Katigbak  was  Acting  City  Engineer,  and,  as  such,  Acting  Member 
of  the  Municipal  Board.  He  was  a  faithful,  conscientious,  and  hard 
worker,  although  he  was  not  very  robust.  The  continuous  strain  of 
his  official  duties  undermined  his  health,  and,  in  May,  1916,  he  left 
Manila  on  a  short  vacation  to  his  home  town  to  recuperate.  While 
there,  he  contracted  typhoid  fever.  He  came  back  to  Manila  and  had 
the  benefit  of  the  best  medical  talent,  but  his  health  was  so  under- 
mined that  he  succumbed  to  the  disease,  and  died  on  the  morning 
of  May  16th,  1916. 

Mr.  Katigbak's  talents  were  varied,  and  he  took  a  great  interest 
in  the  fine  arts,  such  as  painting,  poetry,  etc.  His  paintings,  while 
still  a  student  in  the  Ateneo  de  Manila,  now  decorate  the  walls  in 
several  Government  offices. 
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He  was  of  a  very  happy  disposition,  and  had  many  friends  both' 
in  and  out  of  official  life,  and  his  death  was  mourned  by  the  whole 
population  of  the  Philippine  Islands.  On  the  day  of  his  funeral,  all 
flags  in  Manila  were  half-masted,  and  all  the  City  offices  were  closed. 
More  than  20  000  people  were  in  the  fimeral  cortege.  Among  the 
honorary  pall-bearers,  were  the  Mayor  and  the  Municipal  Board,  the 
chiefs  of  all  the  City  offices,  Justices  of  the  Supreme  Court,  and 
many  prominent  men  in  civil  life.  The  route  of  the  procession  for 
some  miles  was  decorated  with  palms  and  thronged  with  sympathizers. 

The  following  bodies,  organizations,  and  offices  marched  in  the 
funeral  procession :  Department  of  Engineering  and  Public  Works ; 
the  Municipal  Board  of  Manila;  Local  Members  of  the  American 
Society  of  Civil  Engineers;  The  Society  of  Engineers  and  Architects 
of  the  Philippines;  The  Columbian  Association;  the  Bureau  of  Public 
Works,  and  many  other  organizations. 

The  Municipal  Board,  by  resolution,  set  aside  a  plot  for  the 
deceased  in  the  area  reserved  for  the  burial  of  illustrious  and  heroic 
dead,  and,  in  addition,  adopted  the  following  resolution  of  condolence: 

"Excerpt  from  the  Minutes  of  the  Municipal  Board  of  May  16,  1916. 

"Whereas,  the  Almighty  in  His  Infinite  wisdom  has  seen  fit  to 
remove  from  our  midst  our  most  esteemed  friend  and  former  public 
official,  Mr.  Jose  P.  Katigbak,  who  departed  this  life  Tuesday,  May 
16th,  1916;  and 

"Whereas,  it  is  the  desire  of  this  Body  to  express  its  condolence 
to  the  family,  friends,  and  relatives  of  the  deceased  and  its  appreciation 
to  the  public  generally  of  the  efficient  manner  in  which  his  services 
to  the  City  of  Manila  as  a  public  official  had  always  been  performed; 
now,  therefore,  be  it 

"Resolved:  That  the  sincere  sympathy  and  condolence  of  the 
Municipal  Board  be,  and  the  same  hereby  are,  extended  to  the  imme- 
diate family,  relatives,  and  friends  of  the  late  Jose  P.  Katigbak  and 
that  an  expression  of  commiseration  be  tendered  to  them  in  this, 
their  hour  of  bereavement;  and  be  it  further 

"Resolved:  That  this  Body  do,  and  it  hereby  does,  publicly  express 
its  keen  appreciation  for  the  manifold  labors  performed  by  him  as  a 
City  official;  for  the  betterment  of  conditions  in  the  City  of  Manila; 
and  be  it  further 

"Resolved:  That  the  flag  at  the  City  Hall  building  be  displayed  at 
half-mast  until  the  funeral  day,  inclusive,  on  which  date  the  flags  on 
all  City  buildings  shall  be  similarly  displayed;  and  be  it  further 

"Resolved:  That  a  certified  copy  of  these  resolutions  be  sent  to  the 
widow  and  father  of  the  deceased  and  to  His  Excellency,  the  Governor- 
General;  and  be  it  further 

"Resolved:  That  this  Board  attend  in  a  body  the  funeral  ceremonies 
to  be  held  over  the  remains  of  our  departed  friend." 

At  a  later  session  of  the  Board,  it  was  decided  to  name  one  of 
the  principal  streets,  facing  the  New  Luneta,  Katigbak  Boulevard. 
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Mr.  Katigbak  was  married,  in  1910,  to  Miss  Trinidad  Buenaventura, 
who,  together  with  his  father,  two  brothers,  and  one  sister,  survives 
him.  He  was  very  fond  of  children  and  his  greatest  regret  was  that 
he  had  no  issue. 

Mr.  Katigbak  was  a  member  of  The  Institute  of  Engineers  and 
Architects  of  the  Philippine  Islands,  of  which  he  was  the  first  Presi- 
dent. He  was  also  a  member  and  one  of  the  founders  of  the  Philippine 
Columbian  Association,  a  society  made  up  of  Filipinos  who  have 
received  college  degrees  in  the  United  States. 

Mr.  Katigbak  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  April  1st,  1914. 


WILLIAM  COOPER  CUNTZ,  Assoc.  Am,  Soc.  C.  E.* 


Died  November  2d,  1916. 


William  Cooper  Ctintz,  the  son  of  the  late  Emil  A.  H.  Cuntz  and 
Frances  Cooper  Cuntz,  was  born  at  Hoboken,  N.  J.,  on  January  21st, 
1871.  His  maternal  grandfather,  William  Cooper,  after  whom  he  was 
named,  was  a  well-known  naturalist  and  one  of  the  founders  of  the 
New  York  Academy  of  Science.  His  maternal  grandmother,  Mary 
Wilson,  was  of  New  England  ancestry,  going  back  to  the  days  of  the 
Pilgrims,  and  including  officers  and  soldiers  in  the  Revolutionary 
Army. 

Mr.  Cuntz  was  educated  at  the  Hoboken  Academy  and  at  Stevens 
Institute  of  Technology,  having  been  graduated  from  the  latter  in 
1892  with  the  degree  of  Mechanical  Engineer.  He  then  became  con- 
nected with  the  Pennsylvania  Steel  Company,  of  Steelton,  Pa.,  first 
with  the  Bridge  and  Construction  Department,  which  he  represented  as 
Resident  Engineer  in  Boston,  Mass.,  and  as  European  Resident  Engi- 
neer, in  London,  England.  In  these  capacities  he  rendered  many 
important  services  to  his  Company,  notably  in  connection  with  the  erec- 
tion of  the  North  and  South  Stations  in  Boston,  and  in  securing  the 
contract  for  the  construction  of  the  North  German  Lloyd  piers,  in 
Hoboken,  N.  J.  He  afterward  entered  the  Sales  Department,  serving 
as  Assistant  General  Manager  of  Sales,  in  Philadelphia,  Pa.,  and, 
later,  as  District  Sales  Manager,  in  Steelton,  Pa. 

At  the  outbreak  of  the  Spanish- American  War  in  1898,  Mr.  Cuntz 
volunteered  for  service  in  the  Artillery.  In  1910,  he  was  appointed  by 
President  Taft  as  a  delegate  to  the  International  Railway  Congress 
held   at  Berne,    Switzerland,   the  present   Secretary  of  the  Interior, 
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the  Hon.  Franklin  K.  Lane,  being  the  Chairman  of  the  American 
Delegation. 

In  the  same  year  (1910),  Mr.  Cuntz  severed  his  connection  with  the 
Pennsylvania  Steel  Company  to  become  a  Director  and  the  General 
Manager  of  the  Goldschmidt  Thermit  Company,  of  New  York  City, 
which  position  he  held  until  his  death  which  occurred  on  November 
2d,  1916,  at  Auburndale,  Mass.,  where  he  had  gone  on  a  visit  for  the 
benefit  of  his  health  which  had  been  impaired  by  an  operation  for 
appendicitis  a  year  before.  Under  his  management  the  business  of  this 
Company  was  not  only  increased  greatly,  but  equal  progress  was 
made  in  the  technical  development  of  the  Thermit  process.  His  wide 
experience  in  the  steel  industry  naturally  caused  him  to  take  a  par- 
ticular interest  in  the  manufacture  of  carbon-free  metals,  and  it  is  due 
largely  to  his  perseverance  and  initiative  that  these  metals  and  alloys 
are  coming  into  such  general  use. 

He  is  survived  by  his  widow,  who  was  Miss  Katherine  Hughes 
Edwards,  of  Hagerstown,  Md.,  a  descendant  of  Jonathan  Edwards,  and 
by  his  two  children,  William  Cooper,  Jr.,  and  Emil  Edwards.  He  is 
also  survived  by  two  brothers,  John  H.  Cuntz,  of  Hoboken,  N.  J.,  and 
Hermann  F.  Cuntz,  of  New  York  City. 

Mr.  Cuntz  was  a  member  of  the  following  clubs  and  societies: 
American  Iron  and  Steel  Institute,  Engineers  Society  of  Pennsylvania, 
Engineers  Club  of  New  York,  Railroad  Club  of  New  York,  Engineers 
Club  of  Boston,  University  Club  of  Philadelphia,  Chemists  Club  of 
New  York,  Boston  Athletic  Association,  India  House,  Transportation 
Club,  Harrisburg  Club,  American  Electric  Railway  Association,  New 
England  Iron  League,  West  Side  Tennis  Club,  Richmond  Hill  Asso- 
ciation, Kew  Gardens  Civic  Association,  Kew  Gardens  Country  Club, 
Oak  Island  Yacht  Club,  and  the  Conococheague  Club  of  Hagers- 
town, Md. 

Mr.  Cuntz  was  elected  an  Associate  of  the  American  Society  of 
Civi-Z  Engineers,  on  September  6th,  1910. 
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